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* MATERIAL TREATMENT AND APPARATUS ‘

- This mventron relates to material treatment method and also to an apparatus for

effecting treatment of materlal

B BACKGROUND OF THE INVENTION

The problem to whrch this invention is drrected relates to treatment of matenals
SO that they can be eff crently broken down into very small sizes, -

We h_ave previously described an apparatus which included a rotating rotor-
Within a cylindrical cavity to effect grinding'of particles to small size.

' ‘Thls previous apparatus an example being descnbed in Australian patent AU
12005204977 provrded some drmmutnon of partrcle size but in many cases was

relatively rnefﬁclent and also did not enable reduction of particles as much as

would be desrred

SUMMARY OF THE INVENTION

',We have discovered that by making a relatwely modest change to the ‘
- apparatus and to the method |mproved eff crency of treatment can be galned

~ In one form of this invention it could be said to reside n a particle treatment
- method reducrng partrcle srze WhICh includes the steps of mtroducrng partrcles

o to be treated into an apparatus where there is a chamber with a substantrally

20

cylrndrrcal portion and a rotating rotor coaxrally positioned within the

- substantially cyllndrrcal portion and defi ining between the two a co-annular

cylindrical space at least two blades equally spaced apart around the
circumference of the rotor and each extendrng from the rotor and defining a

.. | separatlon gap between an inner wall of the substantially cylindrical portron and

its outer edge, there berng one or more vortex supportlng and defining spaces
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| between the respective blades, and at least some of the inner'wall of the

substantially cylindrical portion having a friction inducing surface.

In a further form the invention could be said'to reside in an apparatus

| 'comprlsmg a chamber with a cyllndrrcal portlon and a rotating rotor coaxrally
.posrtloned within the cyllndrlcal portion, at least two blades equally spaced apart
around the crrcumference of the rotor and each extending from the rotor and

defi nlng a separatuon gap between an inner wall of the cyllndncal portlon and its

. outer edge, and there being one or more vortex supportmg and defining spaces -
'between the. respectlve blades, and at least some of the inner wallofthe
.oylrndrlcal portion having a friction mducmg surface, an inlet for particles to be

- treated in the chamber and ‘an outlet for particles treated spaced apart from the
inlet. ' _

.The mventron can also be sald to reside in matenals treated by belng :ntroduced o
o and dealt wnth by the apparatus | | ‘ |

_The mventlon can also be said to reside | in matenal havrng been reduced in
particle size in accord with the said method herein. '

o Hitherto there has been a srnooth inner wall on the oylindrical-portion." o

20

It has been drscovered that by mtroducrng a fnctlon inducing surface the

efficiency of the treatment size reduction process S srgnlf cantly mcreased

Such friction i‘ndUCing surface'can be at spaced apart Iocations aroun'd a
penphery of the generally cyllndrlcal chamber or in another instance it can be

,contlnuous around the sald perlphery

One example of a frlotlon mducrng surface rncludes randomly shaped portlons
pro;ectmg into at least some of the vortex supportlng and defining spaces.
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A discovery associated with this method and apparatus is that its treatment of

 particles does appeéar to be associated with entenng and being subject to
~ energetic forces W|thm a vortex.

Assocrated with such action is also the fact that a vortex mcludes portlons of |

| hlgher pressure and portions of lower pressure and that partlcles entenng such -

a vortex will be subject to a low pressure envuronment WhICh will induce dryrng

Such a drying effect is not restriCted necessar’ily‘ to water and materials that

“have been introduced'through the 'process have been found to have significant
~reduction in retained moisture. ' '

It is assumed that the mechanism for this includes vacuum evaporation and |

- perhaps recondensation but separated from particle's and then caught up in the
~ air flow whach then carnes the liquid vapours away separately from the solud

o partlcles

15

20

29

Examples of the friction mducmg surface and mclude randomly depostted
adhenng partlculate materlals

It has been observed that the mcorporatton of such friction mducrng materials
-does not appear to action directly on particles treated through the machlne

except lndlrectly msofar that it seems to induce through relative engagement of
the fluid medlum through which the processes have their vortexes which are
themselves then more con3|stently maintained and kept In a rotory mode by the

relative movement of captured alr between the blades and the frlctlon mducung -

surfaces.

) This has been mducated also by the fact that there is very Ilttle wear exhlblted on
~ experiments conducted thus far on any friction inducing surfaces.

DESCRIPTION OF THE DRAWINGS |
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For a better'understanding of this invention it Will now be described with |
reference to embodiments whichshall be described with the assistance of

drawings wherein;

- Figure 1 is a perspectrve vrew partly cut away of an apparatus according to a
~ first embodiment,

Figure 2 is a side elevation of a cross section through the same machine as in-
Figure 1, . '

* Figure 3is a view from above with the t0p removed of the machrne accordmg to

the fi rst embodrment

Figure 4 is a perspective view with cross sections and part cut away ofa
. machine .according to a second embodiment, '

B Flgure 5 is a vrew from above with a top of the machlne removed Thls machlne

being accordlng to the second embodiment, -

- Figure 6 is an 'en'larged view from above but 'aISO in part cut away and Cross
section lllustratlng an arrangement of a frrctron rnducrng segment relatlve to an
“outwardly extendrng blade according to the second embodlment o

N Fagure 7is Cross section and part cut away when vrewed from above of the
'arrangement of the wall and relative posrtlonrng of the outwardly extending -

blade accordlng to the first embodlment

Figure 8 illustrates an example of the pnor art where the blade IS referenced in

relation to a smooth inner wall
DESCRIPTION OF EMBODIMENTS

" Now'referring in detail to the drawings and-in‘particular to the drawings - '
“illustrating the first emhodiment, there is chamber 1 which includes a cylindrical
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portion defined by all to which a rotor 3 was to 'rotate coaxially The rotor 3 IS

. supported by shatft 4 Wthh IS supported by bearings shown typlcally at 5. ThlS
s held in position by a Iocknut 6. | |

The rotor 3 IS arranged to be rotatably dnven by means attached to the shaft 4

| Wthh are not shown in the drawings but i in this case include an electnc motor

' _ connected through an appropriate set of pulleys and belts so as to drive the

rotor of as an example 250mm diameter at a rotational speed selected to be
apprOpnate for the materlals being treated but generally in the range of from-

“ 12000 rpm to 20000 rpm. It does appear that a speed of relevance Is the
relative speed generated at the crrcumference of the rotor from 200 km/hr to

1200 km/hr have been found to be useful.

'The chamber 1is further defined by havmg upper plate 7, and a further plate 8
~which define between them and the cylindrtcal wall 2 the chamber 1.

The 'rotor 3 is of cylindrical outer dimensions and includes a plurality of

outwardly extending blades 9 which are in each case of elongated rectangular |
dlmenswns extending from a top of the rotor to a bottom of the rotor 11-in each '

~ case positioned so as to be separated around a diameter of the rotor 3 by a
- same distance apart.

- These blades 9 are secured by a plurality of screws typlcally shown at 12.

(These blades are secured in an alternative arrangement by fi ttlng mto
interlocking slots) |

'The outer wall 2 has an outer jacket 13soas to def ine a water cooling (or if '

appropnate heatlng) space 14 wherethrough water is dzrected by reason of

- conduits such as at 16 and 17 into and out of the Jacket 14.

In like manner water coollng (or heatlng) IS effected also for the plate 7 by
reason of a further wall 18 and inlet and outlet condurts 19 and 20 |
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Material to be treated in this case erected_t_hrough inlet 1 which is at the centre
of the apparatus and coaxial with the axis of the shaft 4.

| 'An outlet for material once treated is directed in this case 'by being collected
. through a hooded outlet 20 where there are a plurality of such hooded outlets
5 located at spaced apart locations at a co_mmon.diameter from the axis of the
shaft 4 around the plate.8. . "

‘There is a choke 21 which is positioned beneath treatment gap 22 which is
positioned so as to provide to some extent a restriction on passage of ,air and
particulate materials being treated beyond the treatment spaoe 22.

10 “This choke 21 includes an upper face which is inclined to the vertica-l axial
-~ direction so as to provude some modest frlctlon or chokmg of air flow and
particles but to limit this to some extent. .

| ‘The machine thus far described has for its purpose to treat and _effect a
disintegration of particles which are fed into its inletand collected at its outlet
15  with the area between an outer curcumference area of the rotor and the inner
' wall of the cylinder therebetween

The'speed of the rotor 3 whioh is to say the 'rotattonal speed, the di_ameter of the
- rotor and the blades projectihg from the rOtor, the depth of the blades, and the
‘extent of separatiohof these blades are chosen to effect an efficient
20 dismtegration of the materials to very small size. "

An analysis of how the machine might work is sUgg'ested in that behind each |

~ blade as it follows the rotational path,'air will be caused to be turbulent but by
reason of the shape of the blades -and the degree of separation, and from the
discovery that there is a high degree of dehydration effected when this

25 apparatus is used, itis consudered that there are vortexes formed ammedlately
,'behlnd each blade and it is the shock of entenng into the hlghly vacuous centre
o of such a vortex or perhaps both entenng and leaving such a vortex that it does
appear to have both the hrgh extent of effi csent disintegration and dehydratlon
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Accord mgly, in order to more effectively lnduce and malntaln such vortexes |
| -especrally when loaded with particles, it has been found that this can be
achieved by i mcreasung the friction inducing characterrstlc of the inner side of the

‘ ' cyllndrlcal wall 2. This is achieved in one case by having randomly shaped and
5 . located hard partlcles adhering to the outer wall as is shown at 23.

This surface in this embodlment IS provrded fully around all of the | inner surface
~of the cyllndncal wall 2 |

In one case, such a surface S compnsed of srlrcon carblne partlcles held in a
matrix. |

10 It s an observation that in use the surface wh‘ich is a friction inducing surface
~ but which could be referred to as an abrasrve surface does not prowde an
abrasrve gnndlng effect to the material bemg treated

: The |mprovement in efl' crency does appear to be caused by the fnctlon mducrng
‘ - surface capturmg and causing to further rotate the vortexes that are being
15 - induced behind the respectlve blades 9 and wrth a hlgh degree of fnctlon

mductlon the vortexes themselves and the load of partlcle matenals that would |
be carried would be more intense. |

In experlments conducted so far, when grlndlng matenals usmg this process.
with this embodlment there is very mlnlmal abrasive effect being seen on the
20 friction inducing surface 23 which again leads to the theory that it is nota - '
R directly engaging matenal with the materrals to be treated but rather an lndrrect
- effect causrng more posmve and more effective vortexrng

In comparison to the use of a smooth wall as compared to the friction iInducing
surface or roughened wall, the effect has led to an lmprovement in efﬁmency in

25 .relatlon to many materials and also it has led to ability to reduce the size of
- partrcles resultrng from use in the machine and in some cases these have been

as small asd mlcrons and smaller m srze
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The extent of improvement in efficiency will vary with the treatment of different
materials but in several cases has improved the efficiency by at least 100% -
which is to say that at least for the same rotational speed and poWer supply

 twice the amount of material can be treated in the tlme compared to prevrously

5 where this friction lnducrng surface is not included.

- Thereis a second embodiment which includes chamber 40 first embodimefnt
~ including a chamber 40 an inlet 41, a rotor 42 supported by a shaft 43, outer
wall 44 deﬂning a cylindrical ch'amber 45, a plurality of rectangularly and
. elongate blades 46 with hooded outlets 47 ”The difference here is that the
' 10 friction lnducmg surface on the inside 44 is made up of separate segments
_' which each have an outer surface 49 comprlsed of projecting randomly spaced

apart and shaped partlcles held in a matrix and adhering thereby to an elongate
wedge shaped member 50

These members 50 are located around the crrcumference at spaced apart
15  locations which are equally spaced apart distances equrvalent to the separatron
~ between the respective blades 46. '

Once again then, the effect of thls s to induce and assist in malntalnrng
vortexes behind the respectlve parallel blades 46 but they have the advantage -
that because they can be separately positioned as segments they are ﬁrstly
20 - cheaper to manufacture and replace if damaged The shape Is slightly wedge -
shape with a leading edge closest to the inner surface of the wall 44 while a ‘
- portion then projectsoutwardly frorn-this in the downstream direction. '

It is considered that by having the front edge to some extent protected this will

minimise potentlal Ilft away of any welded matnx or coating materral holding the
25 abrasrve parts in place

'_ To some extent surprisingly, the inclusion of such separated segments also
- leads to an improvement equivalent to that experienced where the'abrasiye
| surface or the friction mducnng surface is posrtroned fully around the inner ‘
, crrcumference
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| Once again then, other portlons of the machine are included, lncludmg the.
- choke 51 | |

In Figure 8, this is an illustration of the prlor art in which the distance apartof an
' outer edge by 60 from a smooth tnner wall 61 in order to get a best

disintegration effect was very small mdeed and in thrs case is 3 mm but of
course it is found that this can be lncreased now with the friction inducing or

. abrasive surface and still achieve fine partiCIes getting down to sizes of 5

‘microns in many cases, and also havmg the advantage of being where

approprlate dehydrated

i Example 1

1.5mm diameter copper wire was chopped to 7mm in length and used as the ‘
feed matenal into the machme without mcluded friction inducing surface.

A smooth walled water cooled cylinder was used as the outer wall of the

grinding chamber with an inclined portion acting as a partial choke below the -'

depth of the rotor. An overlap above the rotor was 3mm. The diameter of the
rotor was 200mm. Three blades were secured to an outer perimeter of the rotor

~ equally spaced apart around the diameter of the rotor and protruding from the
- rOtor by 17mm The shape and size of each blade is the same and generally
- rectangular and each is bevelled at its top outermost edge and at its bottom

outermost edge.

The top bevel drmensron IS down from the top 5mm bevelled in from the edge
9mm. |

. _The bevel at the bottom is up from the bottom 12mm andin from the outsude

25

30

. edge 5mm | |
" The 'COpper wire feed material was fed in when the machine was rotating at

N 14,000RPM which was a speed of rotation that had been previously found to be

advantageous for this particular setup and mater'ial. This disintegrated copper

material into small pieces under 200micron with a mean average particle size of

90m|cron Out of 147gms fed in one pass 20gms remained in large balls 2mm |
in diameter and these were left in the chamber at the end of the grlndrng
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_ session because there was not enough materral in the machme once the feed
stopped to keep the grrndrng process going. '

It was then fed through a second time with the rotational speed increased to
19, OOORPM and the size dropped to 100mrcron wrth a mean average size of

| _50m|cron

Example 2

__ .’ ‘Second example grinding copper wire wrth frrctron rnducrng surface materlal on '

10

15

20

25

30

the outer wall used in a second run

- 1.5mm drameter copper wire was chopped to 7mmiin length and used as the |

feed materral into the grlndrng machrne

A smooth walled water cooled Cylinder was used as the outer wall of the
B grinding chamber with a 45 degree cone predomrnantly below the depth of the
- rotor. An overlap above the rotor was 3mm The drameter of the rotor was

200mm The depth of three blades protrudrng from the rotor being 17mm and

. 'these blades are equally spaced apart, The shape of the blade is bevelled top
~and bottom with top bevel dfmensron down from the top 5mm bevelled in from
the edge 9mm. |

The bevel at the bottom IS up from the bottom 12mm-and in from the outsrde |
"edge 5mm o

The copper wire feed material was fed in when the machrne was dolng

'14 OOORPM this broke the copper wire up |nto small pteces under 200micron
~with a mean average partrcle size of 90m|cron Out of 147gms 20gms remarned

~inlarge balls 2mm in diameter and these were left in the chamber at the end of

the grinding session because there was not enough material in the machrne
once the feed stopped to keep the grinding process going.

Then sections of the outer wall of the cylrnder were replaced by portions that
had a friction inducing surface which in this case was were added to the outer

cylrnder These ramps were the full depth of the wall of the cylinder matchrng

| “the depth of the rotor which i is 75mm they finished jUSt above the level of the top

of a inclined surface choke The width of these portrons is 25mm and the prtch

-of the surface of the matenal IS 3.5 degrees flowing i in the same direction as the N
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rotor. This copperwlre was put through a .second time at 19,000RPM. it

reduced in size to top end of 60micron with a mean average of 3~m'icron. |
The friction inducing surface resulted in a significant reduction in size of the
treated material providing .thereby an enhanced effect and increased efficiency.

Example 3

Zeolite | | .

l repeated the same exercise with zeolrte mstead of copper as the feed material.
The feed material was 3mm randomly shaped zeolite gravel.

A smooth walled water cooled cyllnder was used as the outer wall of the

grinding chamber with an inclined surface choke predommantly below the depth
of the rotor. The overlap above the rotor was 3mm. The dlameter of the rotor

| was 200mrn The depth of three blades protrudlng from the rotor being 17mm .
' and these blades were equally spaced apart The shape of the blade was .
| bevelled top and bottom. _ o
. The top bevel drmensron,rs down from the top 5rnm bevelled in from the edge

- 9mm..

r 20

25

30

The bevel at the bottom is up from the bottorn 12mm and in from the outside

edge Smm

The zeolite was run through at 19, OOORPM and the Iarge size was 10mrcron
with a mean averages size of 5micron.

Then repeated the test where sections of friction inducing surface were 'added ‘

to the outer Cylinder These sections which were each randomly shaped

portions pro;ectrng into the substantlally cylindrical space and were the full

‘. depth of the wall of the cylinder matchlng the depth of the rotor Wthh IS 75mm
. they finished just above the level ol‘ the top-of the inclined surface choke. The
‘width of these Sections is 25mm and a taper of each of the sections was 3.5

degrees flowing ln the same direction as the rotor. This Zeollte was put through
The feed matenal was 3mm zeolite and the rotor speed was 19 O00RPM the top
srze was 7micron and the mean average was 1 5m|cron

Thrs again disclosed the advantage of the addition frrctlon inducing materlal
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CLAIMS

1. A particle treatment method for reducing particle size which includes the steps
of introducing particles to be treated into an apparatus where there is a chamber with
a substantially cylindrical portion and a rapidly rotating rotor coaxially positioned
within the substantially cylindrical portion defining between the two a substantially
annular space, two or more blades spaced an equal distance apart around the
circumference of the rotor and each extending from the rotor and defining a
separation gap between an inner wall of the cylindrical portion and an outer edge or
face of each of the respective blade, there being one or more vortex supporting and
defining spaces between the respective blade, and at least some of the inner wall of
the cylindrical portion having a friction inducing surface including randomly shaped
portions projecting into at least some of the vortex supporting and defining spaces at
spaced apart locations around a periphery of the generally cylindrical chamber, and
collecting the resultant treated particles.

2. A particle treatment method as claimed in claim 1 wherein the friction inducing
portions are positioned and shaped providing in at least one location an inclined

taper.

3. A particle treatment method as claimed in either claim 1 or 2 wherein the
rotation speed of the rotor during the treatment is within the range of from 12000 to
20000 revolutions per minute on a 250mm rotor.

4. A particle treatment apparatus comprising a chamber with a substantially
cylindrical portion and a rotating rotor coaxially positioned within the substantially
cylindrical portion, two or more blades spaced an equal distance apart around the
circumference of the rotor and each extending radially from the rotor and defining a
separation gap between an inner wall of the substantially cylindrical portion and an
outer edge of the respective blade, and there being one or more vortex supporting
and defining space or spaces between the respective blade, and at least some of the

inner wall of the substantially cylindrical portion having a friction inducing surface,
iIncluding randomly shaped portions projecting into at least some of the vortex
supporting and defining spaces at spaced apart locations around a periphery of the
generally cylindrical chamber, an inlet for particles to be treated in the chamber and
an outlet for particles treated spaced apart from the inlet.
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5. A particle treatment apparatus as claimed in claim 4 wherein the friction
Inducing portions are positioned and shaped providing at ileast one location an
Inclined taper.

6. A particle treatment apparatus as claimed in either claim 4 or 5 wherein the
apparatus is adapted to enable the rotation speed of the rotor during the treatment to
be within the range of from 12000 to 20000 revolutions per minute on a 250mm rotor.

7. A particle treatment apparatus as claimed in any one of claims 4 to 6
including a choke for restricting passage of air into the chamber.

8. A particle treatment apparatus as claimed in any one of claims 4 to 7
including a jacket for heating or cooling the chamber.
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"Fig3
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Fig 8
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