3 JANUARY 2007 CHOPPER BLADE APPARATUS AND METHOD FOR REFI NI NG PARTI CLES
BACKGROUND OF THE I NVENTION The Field OF The Invention: 5 The PJADNGARY 2007
invention generally relates to apparatus that chops or mlls naterials and
nore specifically, the invention relates to an inline apparatus that chops
or mlls process materials. The Rel evant Technol ogy: During manufacturing of
aggl onerated powders, sone large particles of 10 powder clunp together to
formlarge masses of undried material that cannot be easily processed. The
current practice is to run the process materials through stand al one

machi nes that mll or chop materials before further drying and/ or processing

the materials. CHORRERIBIESDHARKA RATUS AND METHODSBOR REFINING ai N &’
uniformparticle size. The mi xed powders are then transported to a
different machine for. drying the 15 YK LESThe stand. al one nachi nes,

however, add to the manuf aﬁk’éﬁt@ﬂdﬂ (ﬁl“‘iLH}i?ﬁ@f’E ?16 tand al one ITB.ChI nes
S

al so require personnel to transport t e materi bac and forth between
di fferent nabid Field Of Thadudvention; t he extra handling and transporting of the

mat eri al ¢ i ncreasgs .t he s of n i nati on an t.andar d.product | oss
si nce th§ mat eri a epe{?sgmgﬂ%‘f’g’@f’ g%ergg‘b faéefs 6?%%@&%3“@6%?‘@ rel at ed
process, a machi, at m II§ or chqgps the powders is connected wth a
dryi ng bed. MR f’%n‘gﬁnﬁf?e?gm 1y, Bﬁ%ﬂ‘é’lﬂgoﬁfeéat?ﬁ tojaadnline apRapBdhat §hepsuni f or m
particle size then routed through a conduit to the drying bed. Wen undried
sol vent - bagsmiBnprogessanaterided granul at ed or aggl onerated powders are

transported through
The Relevant Technology:

During manufacturmg of agglomerated powders, some large particles of

10 Jpowder clump together to form large masses of undried material that cannot be easily
précessed. The current practice is to run the processlmaterials through stand alone
machines that fnil} or chop materials before further drying Jand/or processing the--
materials. The machines break down the large masses to maintain a uniform particle
size. The mixed powders are then transported to a different ﬁmchine for drying the

15 powders. The stand. alone machintes, however, add t;) the manufacturing time and
cost. The stand alone machines also require personnel to transport the materi'als.badk
and forth between different machines. In addition, the extra handling and transporting
of ﬂ1e materials increases the chances of contamination and standard product loss
since the materials are subject to séparate processing.

20 In a related process, a machine that mills 6r chops the powders is connected
with a drying bed. In this process,- the powders are milled or chopped to a uniform
particle size then routed through a conduit to. the drying bed. When undried solvent-
based and water—based granﬁlated or agglomerated powders are transported through
the conduit, however, the particles adhere to each other to create unworkable or very

25  difficult clumps of material.



the conduit, however, the particles adhere to each other to create

unwor kabl e or very 25 difficult clunps of material. 1 3 JANUARYJANBARY 3007
view of the above and other related drawbacks and limtations identified in
the rel evant process material chopper, mlling and sizing designs, there is
a need for an inline chopper design that is designed to be adapted into the
process machinery. 2 3 JANUARY 2007 BRI EF SUMVARY OF THE I NVENTION I n

vari ous exenpl ary enbodi nents. of the present invention, a particle refining
apparatus is nmade to be integrated into a systemincluding a contai nment
.device and an influent conduit. The influent conduit is configured to
retain the parti én &iemedf the abovs andpuestrelsted dipwhackeangolimisatiang identifipdin
cont ai nment device. The particle refining apparatus includes a shaft having
di stal and peorelavant mockss matdrlah diroppet, miflirgcdnddiing désignsptherd ised needdonf t he
shaft, and attachment couplings arranged within the influent conduit. The
attachment eflineRBSpRE Besig RBCIE dedi nedLD PO hlaptdtEinfohBé procddi@nadhidenent condui t
may be divided to include a first portion for retaining the 10 particle
refining apparatus and a second portion for providing particle intake. The
particle refining apparatus may further include a nount affixed to the first
portion opposing the contai nnent device. The particle refining apparatus
may al so include a notor nmechanismattached to the nount and the distal end
of the shaft. The particle refining apparatus may further including a

vari ation-device attached to the notor 15 nechanismto vary an output speed
of the notor nechani sm



I n anot her embodi nent of the present invention, a nethod for refini
particles includes introducing particles into an influent condtﬁ{ANpgRtYﬁé’m
next step, the particles are chopped to a desired size with an initial
choppi ng apparatus. Then the chopped particles are directed through the

I nfluent conduit where the particles are 20 further refined to a desired
size with a refining apparatus. Because of the strategic |ocation of the

i nvention the particles continuously noved fromthe influent conduit
through the refining apparatus and into a fluid bed drying and contai nnent
device w th reduced. reaggl oneration and adherence to the fluid bed drying
and contai nment devi ce. BRIENSUMNARY OF THESNVENTIONher features of the
present inventio beco nor.e arent fromthe follo
description and 3%5%%%@&"%‘?‘ %emQﬂdlrﬁgxyXBg@xE@équxgantxo? t?ep%?%{‘&f‘%qd f the
i nvention as set forth_hereinafter. 4 3 JANUARY 2007 BRI EF DESCRI PTI ON OF

THE DRAW NG2RRATRYS ihmrde: fode infeerated it sysiem iealeding acpaiinasas deviee msht ur es
of the present invention; a nore particular description of the invention -

wi || be renderiefueny conguir dieanfluant sombitf is configyoet] tveretasn thegractidle wifiniig ar e
illustrated in the appended drawings. It 5 should be appreciated that these
dr awi ngs5 deppratos |ayd tty pheC adnneectdd o nthatconafnnidne devidv.enTho panitit ssfmidgher ef ore
not to be considered linmting of its scope. The invention wll be described

and expl ai nggbanith§lindtided i SH havRRCdifthCiddypréxithaleidd] 4 blahe staRadea twar of the
acconpanyi ng drawi ngs i n which:

. proximal end of the shaft, and attachment couplings arranged within the influent
conduit. The attachment couplings are arranged to support the shaft.

The influent conduit may be divided to include a first portion for retaining the -

10 particle‘reﬁninglapparatus and a second portion fof providing particle intake. The
particle refining apparétus may further include a mount affixed to the first portion
opposing the containment device. The particle refining apparatus may also include a
motor mechanism attached to the mount and the distal end of the shaft. The partiéle
refining apparatus may further including a variation device attached to the motor

15 mechanism to vary an output speed of the motor mechanism.

In another embodiment of the present invention, a method for refining
particles includes introducing particles into an influent conduit. In the next step, the
particles are cholﬁped to a desired size with an initial chopping apparatﬁs. Then the
chopped particles are directed through the inﬂugnt conduit where the particles are

20  further refined to a desired size with a refining apparatus. Because of the strategic
location of the invention the particles continuously moved from the influent conduit
through the refining apparatus and into a fluid bed drying and containment device
with reduced reagglomération and adherence to the fluid bed drying and containment

device.



Fig. 1 is an exploded schematic view of an enbodi nent of a particle refining
10 systemin accordance with the present invention; Fig. 2 is @ YN 2007
vi ew-of an enbodi nent of a particle refining apparatus in accordance with
the present invention; Fig. 3 is a side view of a particle refining system
in accordance with the present invention; 15 Fig. 4 is a sectional view of
the particle refining systemillustrated in Fig. 3; Fig. 5is a detailed
sectional view of the particle refining systemillustrated in Fig. 4; Fig.
6 is a detailed sectional view of another enbodinment of a particle refining
systemin accordance with the present invention; 20 Fig. 7 is a sectional

vi ew of anot her &bsedamd otheoffeammparfitod erasedti mvergionapihbe¢anse moreafidlyr dance
with the present invention; and Fig. 8 is a schematic view of a shaft in
~accor dance’ \appdredthieor s fylowinp/ @3tiimion and agapépﬁw/}sl&\fn@,o&hapﬁ{ Maa=d by
DESCRI PTI ON Reference will now be nmade in detail to the preferred

embodi ment s 4Qf prhfife JPHESRMntioh e Bt fHh htiagplres of which are illustrated in
t he acconpanying draw ngs. The various exenpl ary enbodi ments provide a
particle refining systemsuch as an 5 inline chopper design positioned

bet ween a wet aggl oneration processing nmachine, and a fluid bed drying
processor. The present invention integrates a particle refining system such
as an inline chopper design into a continuous and/or batch processing
system |In.various,



exenpl ary embodinents, a particle refining apparatus such as an_inline
chopper is 10 positi oned between a wet aggl omer ati on processi ng3 FANMARY 2¢Hd
a fluid bed dryer processor. Particles, such as wet aggl onerated powder,

can be delivered froma wet granulating nmachine through an influent conduit
or connecting tube to the particle refining apparatus. The particle
refining apparatus includes a blade set that nay be driven by a variable
speed electric drive system The variable speed electric drive 15 system

all ows an operator to adjust the rotational speed of the blade set to
control the resultant particle size. In the process, the particle refining
apparatus chops or ml| sBRWEFﬂESGRII&QN)%‘ THESDRAWINGt i cl e size using the .

bl ade set positi nsi tal n t VI ce suc

bt ocess: g’ chanbad g g s ABo R B her ieitess s0d B’ of UBaPtl  ne 20
sized particles . fromthe blade set in a nore radial_direction. The particles
are direct ed®venHon, amefeRartguias descgiRtianof the invieRdonwilkbe rndersd by meferensfact and
clunmp together against the ogpom te side of the contai nment device. The
flow of the papacifiq emberdimegts 3ncrppfumiivh 200 lustiaigd dndrcarppandedt drpwinger 3t i s

mai nt ai ned by a vacuumcreated in the fluid bed equipnent and by a

sel f - cl e&ni sbowdd thecappadcidtdii tipathese Ideawiegs depietnénlgpppicat emsbodiments bf the
illustrates one enbodi nent of a particle refining system 10 including a -

housi ng 30, imvefitiéd ndteke tRerBlodsifot38 e 2Onsiddted Ridith@Nbf BOQBPE.t TAO inventigH O
nmechanism 70 5 and a contai nnent device 80. The contai nment devi ce 80

contains t h%al@%glb&'rﬁ%d aftdl EXbIA e VRt %&ﬁ%zﬁgsgé’d]ﬁcﬁ}f hid adehiP el gih'tﬁé fise are

refined or e cont al nnent ev ce IS & storage unit or tank
capabl e of SI n or te raril.w holding the particles. The containnent
devi ce 80 |§£ﬁ1%§ e %g@f lx a pi pe 82. The tank

Fig. 1is an exploded schematic view of an embodiment of a particle refining
10  system in accordance with the present invention;
Fig. 2 is a schematic view of an embodiment of a particle refining apparatus in
accordance with the present invention;
Fig. 3 is a side view of a particle reﬁning system in accordance with the
present inventidn;
15 Fig. 4 is a sectional view of the particle refining system illustrated in Fig. 3;
Fig. 5 is a detailed sectional view of the particle refining system illustrated in
Fig. 4;
Fig. 6 is a detailed sectional view of another embodiment of a particle refining
system in accordancé with the present invention;
20 Fig. 7 is a sectional view of another embodiment of a particle refining
apparatus in accordance with the present invention; and

Fig. 8 is a schematic view of a shaft in accordance with the present invention.



wal | 81 defines a containnment area 84. The tank wall 81 in the present
invention is 10 cylindrical, however, the tank wall may be rectgaguaty 2007
conical, corrugated or the like. The particles enter the contai nnent device
80 through the pipe 82. The pipe 82 may include a flange 83 to connect the
influent streamto the containnment device 80. In the alternative, the pipe
82 may be wel ded, glued or otherw se coupled to the containnment device 80
and the influent conduit 60. 15 In Fig. 2, a particle refining apparatus is
illustrated including the housing 30, the shaft 40, the blade set 50, the

i nfluent conduit 60 and the notor nechanism 70. The particle apparatus is

provi ded w prtAa Epopsrkpeersivi t 60 designed to nount to the contai nment
devi ce 80. The influent conduit 60 includes a first end 61, a second end 62

and an 20 attac ﬁ@ﬁg%lcg%illcﬁov@%]p r}mfe f(ni detdil ?dqﬂleG e?e?{%ﬁee% Sod%rﬁer&%%f the
cont ai nment devi ce using a Tlange or a pipe couplng Qno showi). The
first end 61 _nmay .al so be wel ded, ued or. otherwise coupled to the
cont ai nnent PH& tdgvgggpn,-r%ng)iegoq{ﬁféxgﬁ ag'?‘“i“?“?‘tfffi‘h@fs FePTrEREEVHEFudi ng a
first portion 63 and a second portion 64, The first portion 63 connects 7 3
JANUARY 2007he aripyscexermnlang ambodiraents areyidsr vpagiels wliningysygigmnsycrastase
particles to enter the particle refining apparatus. The second portion 64 is
connect el t tlinh shaprencasigntpositvnakbd®een & weh agglomefdtiangeoceFsing atachinbment
device 65 is adapted to connect to the housing 30 wusing fasteners:that
attach t hr omgha fisidéed ideyifig progessor.wel di ng, gl uing or -otherwi se 5 coupling
the housing 30 and the'influent conduit 60 together. Although the preferred
embodi nent i | | usthepRSerdtiBvdntibh USRErafed dptrticld QefitiRE lsdle Subkh @s bh fiflinePor ti on
63 as a single pipe, multiple pipes may be provided.

chopper design into a continuous and/or batch processing system. In various.

exeﬁplaw embodiments, a particle reﬁhing apparatus such as an inline choppé; is

10  positioned between a wet agglomeration proceséing machine, and a fluid bed dryer

processor. Particles, such as wet agglomerated powdér, can be delivered from a wet

granulating machine throﬁgh an influent cond_uit or connecting tube to the particle

refining apparatus. The particle refining apparatué includes a blade set that may be

driven by a variable speed electric drive system. - The variable speed electric drive

15 system allows an operator to adjusf thé rotational speed of the blade set to control the
resultant particle size.

.In the procesé; the particle 'reﬁning apparatus chops or mills the particles to a

desired particle size using the blade set positioned inside a containment device such as

a fluid bed processing chamber. Then the particle refinement apparatus disperses the

20  sized particles from the blade set in a more radial direction-. The particles are directed

in a radial direction so that the material does novt impact and clump together against

the opposite side of the containment deviqe'. The flow of the particles or



Alternatively, the first portion 63 may be split into sections. The nultiple
pi pes may be staggered in even intervals or at any point al ong3UANUARY et
conduit 60. The 10 nultiple pipes nay be used to add additional materials to
be m xed in or refined in the process. Al so, a blade set may be positioned
at each pipe to further the mxing and/or refining process. A notor
mechani sm 70 is al so nounted to the housing 30. The notor mechanism 70

i ncludes a variation device 71 and a notor winding 72. The variation 15
device 71 may be an electrical device, such as a variable frequency device,
or a nechanical device, such as a variable reducer. The motor winding 72 in

the present agglomentddomwet posidedisb@hibpizdabput vidudmHbreatd mbedt fidid dd
depending on the material being processe for exanple, a notor winding 72

of about 7 illustrate
the particle rgf ?‘r’ﬁbﬁ’g s??fg%ieagn&%%h&{ %ﬂroc?ié &%lrgtlrgz ?%aneg& g@)agat%ésrsn 10 incl udes

Lhe motor mechant b J0CERES RS ABg n?ljénaeﬁlr’rgﬁ% Pa%vie b LT A 0

60 is connected plpe he aln evi ce 80 uysi.

coupl i ng 66! 0“58“%3%(8,&!\% 66&‘%‘3 5:-9’%?’} w&ége%rrworam@%a@a‘%ﬁ wel ded
joint may be used to connect t he i nfluent condwt 60 and the contai nnent
devi ce 80. mrdya containmgnt devies0 oFhegfontaiyangm devies 80 ecerithing thy paydclesasuch
illustrated in Fig. 3. The shaft 40 and the influent conduit 60 are
arranged soag Wat grahulheas after therpartdesodre tdfmed or imilete Th¢ coftaiantesr devidee

cont ai nment device 80. The bl ade set 50 includes a outer blade 51, a flat

bl ade 52 ango @ stévags utit eienibeapaBle®f proreding@ir téRpsTaNlyI Holditig theaititldset y Of

The containment device 80 includes a tank wall 81 and a pipe 82. The tank
wall 81 defines a containment area 84. The tank wall 81 in the present invention is
10  cylindrical, however, the tank wall may be rectangular, conical, corfugatgd or the like.
The particlés enter the containment device 80 through the pipe 82. The pipe 82 may
include a ﬂange 83 to connect the inﬂue.nt stream to the containment device 80. In
the alternative, the pipe 82 may bé welded, glued of otherwise coupled to the
containment device 80 and the influent conduit 60.
15 In Fig. 2, a particle refining apparatus is illustrated inclluding the housing 30,
the shaft 40, the blade set 50, the influent conduit 60 and the motor mechanism 70.
The particle apparatué is i)rovided with the influent conduit 60 designed to mount to
the containment device 80. |
The influent conduit 60 includes a ﬁrgt end 61, a second end 62 and an
20  attachment device 65. The first end 61 connects to the containment device 80 using a
flange or a pipe coupling (not shown). The first end 61 may also be welded, glued or
otherwise coupled to the containment device 80. The second end 62 is further defined

as including a first portion 63 and a second portion 64. The first portion 63 connects |



different quantities and styles of blades. Each blade in the bl ade set 50
may include a variety of shapes, sizes and quantity of edges. FSANBAIOIMT
a blade may conprise two triangul ar edges arranged on opposing sides. The
bl ades nmay be manufactured 10 froma rigid material, such as steel,
stainless steel, titanium alum num other netallic material, polyner or
conposite. In the present enbodi nent, the outer blade 51 is shaped to face
towards the containnment device 80. The flat blade 52 is shaped to be on a
radial line with the shaft 40. The inner blade 53 is shaped to face away
fromthe contai nment device 80 15 and into the pipe 82. Each of the bl ades
in the bl ad® SetinBeent getamend provifiga adlap pathifer thearartigiesetd antercheé perticleach

bl ade. For exanple, the bl ades nay be offset 45 degree from each other. The
bl ade set 5&finngadppached The sebmndspoafion 44 isusinnected touthe adachihdnindengbe 65 e
present enbodinent illustrates the bl ade set 50 at the outernost end of a

proxi mal enghchlas2ofldrdpal Theetthiimeknt Fe¥icd @S iiSadiipdi tiRbAndch & eHoakipBot devi ce
20 80, the blade set 50 may al so be positioned inward fromthe outernost end

of the <hal i) bis uaf fhich At RAR, SEHEATRY DAL LAGRE L AhibgRne Shaf

40 to provide Turther mlling an I nenment l'es, an
50, The oI aduPliEs BEGRuEY 0 BEeR el ER s Ve o ™S SAnuARY 2007
N
1011l i ne. vIRPWOBCUS] gl POBSG) a7 fe SBBIcCBRCODUINE Bisse e Seimoyted.
é?f;nggf V\.’Eﬁmsshesizes and configurations. For exanpl e, a screen 90 havi ng
1/ 4 inch ophli¢mafevely, the first portion 63 may be split into sections. The multiple pipes may :
be staggered iq even intervals or at any point along the influent conduit 60.. The
10  multiple pipes may be used to add additional materials to be mi)éed in or refined in the
process. Also, a blade set may Be positfoned at each pipe to further the mixing and/or
refining process. |
A motor mechanism 70 is also mounted to the housing 30. The motor
mechanism 70 includes a variation device 71 and a motor winding 72. The variation
15 device 71 may be an electrical device, such as a variable frequency device, or a
mechanical device, éuch as a variable reducer. The motor winding 72 in the present.
invention is sized betwéen about 1/2 HP and about 16 HP depending on the mater’ial'
being processed, for example, a motor winding 72 of about 7 HP can be used for
heavier particles.
20 " Figs. 3-5 illustrate the particle refining system 10. The 'particle refining
‘system 10 includes the housing 30, the shaft 40, the blgde set 50, the influent conduit

60, the motor mechanism 70 and the containment device 80. The influent conduit 60

is connected to the pipe 82 of the containment device 80 using a coupling 66.



can be used. The screen 90 is placed adjacent the blade set 50 to regul ate
the particle size entering into the contai nment device 80. AccddJaNVARY 2407e
particles are chopped by the blade set 50 until they are small enough to’
pass through the screen. The screen 90 provides a uniformparticle size of
t he powder entering the containnent device 80. 10 Fig. 7 illustrates an
exanple of a particle refining apparatus 20. The particle refining
apparatus 20 includes the housing 30, the shaft 40, the bl ade set 50 and
attachnment couplings. The attachnent couplings may include a backing plate
21, fasteners 23, a first bearing 24, a second bearing 25, a bearing plate
26 and a noAdtematieelp| flange0ot. a glubé or eeldeliijoigs map pe meed iwerbnhert shiecimflyer hol d
the shaft 40 within the 15 housing 30, such as plates, gears, sockets,

rails, rodscenaditisband teonthiendodsHies@0 includes a first bearing end 31, a
second bearing end 32 and a nmount 33. The first and second bearings 24, 25

hol d the shaft 4B.andhgld QWddin £ bartllc!BraihsHifn 0SB rdd B Mgl ngs

housi ng 30. The first and secon I Ngs may i nc

roIIing-confﬁc eall ahtifricti bearings, r.oll earings tallic
20 and pol yrrerglggtaﬁ ?\@%ﬁ%ﬁ?ﬁ%@%ggg iaﬁeggrr%ﬂ?ggtsﬁﬁaé aﬁ?ag as??&'?‘%? O £ r st
beari ng en 1l includes a lip that,is sized to hold th irst bearjng 24.
I'n addi ) oﬁ?lé‘?%ﬁt Séeafﬁff the,gontqipment g zﬁpnefma@ge éetlfior}n‘ﬁﬁ‘iﬁs ajouteriblady (o hol d
t he second bearin% 25. 10 3 JANUARY 2007 The first bearing 24 is held

agai nst t heoli iaflat pladgS2fand o inrsabladg Sndll1blode wttSQ@ayaJ@Rhuggapﬂaa@@ of1. The
backi ng plate 21 includes a series of apertures 22 for attaching the

backi ng pl atiffe2fit quantiies dndissylergofifadesi Baclt bledd asthe blads s&30 rideinalpde tur es 22
may  be arranged equally spaced on a radius fromthe centerline of the

backi ng pl atagieBlof $hapbey, se¥aam GuantiBeoPEdReNFoe BRAAHIBEL blade ehaydasngrizer
apertures. The backing plate 21 : '
two triangular edges arranged on opposing sides. The blades may be manufactured
10 from a rigid material, such as steel, stainless steel, titanium, aluminum, other metallic
material, polymer or composite.
In the present embodiment, the outer blade 51 is shaped to face towards the
containment device 80. The flat blade 52 is shaped to be on a radial line with the
shaft 40. The inner blade 53 is shaped to face away from the containment device 80
15  and into the pipe 82. Each of the blades in the blade set 50 includes a square aperture
arranged to offset each blade. For example, the blades may bé offset 45 degree from
each other. The blade set 50 is attached to the shaft 40 using a nut 54.
Although the present embodiment illustrates the blade set 50 at the outermost
end of a proximal end 41 so that the blade set 50 is proximate the containment device
20 80, the blade set 50 may also be positioned inward from the outermost end of the shaft
40. Also, additional blade sets may be attached along the shaft 40 to provide furthef

milling and refinement of the particles, and additional blade sets may have a different

configuration than the blade set 50. The blade set 50 chops the material again and



may al so include a seal ring to further prevent debris fromentering the
first bearing 24. The second bearing 25 is held against the Ii%"’fﬂﬂ@’ﬁgmm
second bearing end 32 with the bearing plate 26. The notor coupling 27 may
be used to hold the bearing plate 26 10 against the second bearing 25. One
end of the notor coupling 27 is attached to the shaft 40 using a key and set
screw or other |ocking device. The other end of the notor coupling 27 is
attached to a shaft of the notor mechanism 70 al so using a key and set
screw or other |ocking device used to attach the notor mechanism 70 to the
shaft 40. 15 The mount 33 is attached to the second bearing end 32 of the
housi ng 30, rédirectsethefiomeof thy materiil sg thaf ke matenial 8Gesi nut Icoldids andedirereriunt i ng
apertures 35. Fasteners 36 are used to attach the notor mechani sm 70

t hrough t he theotank wall 8tdppesingiihe hhicRSeSling Ipwritast@ner s 36 and not or
mounting apertures 35 -are countersunk or recessed to allow the nount 33 and

the attachment dew ggwip id Figbbll a fdcHeh ROAHShe a%QedaQ&hché)angigle Tdimigount . 33

al so includes a set of conduit nmounting apeftures 34 arra on a radius

ouLs! 90 N RN LB RS, S TS he OB S

are used to tach I nenent appara el uent

conduit £0. 11 3.JANUARY 2007. In_Fig. 8, the sha 40, i udes a .proxi nmal

ond 41, 3t ISt YgBSRT SRR ione 4 Tor SaskiliSasesl PhGAB0R drbieh 2PORER ot al

end 44, a notoy coupling portion 45, a. blade nnuntinq portion 46 and a
re

. bl :
bl ade fast efithBe Piset i10% Sareen & Rlpgediadiagent dheblade st 50t aegulateive Rarticls d

material, such as a netal or conposite. Although a shaft is used in the
size entering into the containment device 80. Accordingly, the particles are chopped

by the blade set 50 until they are small enough to pass through the screen. The screen
90 provides a uniform particle size of the powder entering the containment device 80.

10 Flg 7 illustrates an example of a particle reﬁnihg apparatus 20. The particle
refining apparatus 20 includes th'é' housing 30, the shaft 40, the blade set 50 and
attachment couplings. The attachment couplings may include a backing plate 21,
fasteners 23, a first bearing 24, a second bearing 25, a bearing plate 26 and a motor
coupling 27. Other couplings may be used to steady or hold ﬁe shaft 40 within the

15  housing 30, such as plates, gears, sockets, rails, rods and the like. The housing 30
includes a first bearing end 31, a second bearing end 32 and a mount 33.

" The first and second bearings 24, 25 hold the shaft 40 and allow the shaft 40 to
rotate freely within the housing 30. The first and second bearings 24, 25 may include
ball bearings, rolling-contact bearings,. antifriction bearings, roller bearings, metallic

20  and polymer bearings and other bearings adaptable to a shaft. The ﬁrst bearing end
31 includes a lip that is sized to hold the first Bearing 24. In addition, the second

bearing end 32 includes a lip that is sized to hold the second bearing 25.

10



5 present enbodi nent, a structural nenber such as a cage or tubing may be
used. The proxinal end 41, the first and second bearing portldh§%X§A£X§OW7
the distal end 44 and the notor coupling portion 45 are cylindrical shaped.
The first and second bearing portions 42, 43 are sized to fit the first and
second bearings 24, 25, respectively. The blade nmounting portion 46 is
paral | el epi ped shaped to provide a nounting area for the 10 bl ade set 50.
The bl ade fastening portion 47 is threaded and positioned on the end of the
bl ade mounting portion 46. The threads on the bl ade fastening portion 47 are
.Ssized to accept the nut 54. The nut 54 is used to hold the bl ade set 50 on
the end of the Theafitst $€aring 2ers hekicdgaingt e lipde shenfisst bearingentdidisvidathieof a
nut, for exanple, a pin, cap, key or weld and the |like. 15 The bl-ade set 50

is attac hedbddkiriggﬂatﬁ OX im|ba@fid% Plate10int 11 @es WDicPies BESHMILGD2 féPattazhipt ached
to'the distal end 44 of the shaft 40.. The first bearing portion 42 is '

posi L1 oned_gtunel blie @rmhwoua]ga% 'meeﬁgt%gé%zﬂzrh@ pbfeshALly 40. The

second bearing portion 43 Is por oned I stal 44 W t e notor

C.OUpl ing pIOIEeI %lﬁ&gﬁé?ggﬂlyl S)%CQ&JB Esi?‘r% téxe ¢ nnﬁfﬂoerofctg lalél('}l% Eﬁgtﬁlon 45 1s

sized to f coup |ng par e rerinin ysteﬁ110

i ncor porat t he rticle refi tu into con lnu us
processi eg m%ﬁ:eg%gtﬁseg \‘RE‘S @8@%\%@%@% f?Hr BP‘?SE‘E%szﬁ}QF ate Zlhg a
fluid bed processor. In the system particles, such as wet glonerated
powder, 12may 3lsupedeoneel ringrte further parveniddebris from FRIETIDE 5t Pesgingmchi ne
through the influent conduit 60 to the particle refining apparatus 20. The
particle re24.ni ng apparatus 20 includes the notor nechanism 70 that rotates
the shaft 40. The bl ade set 50 is attached to the proxim

The second bearing 25 is held against the lip in the second bearing end 32 with

the bearing plate 26. The motor coupling 27 may be uséd to hold the bearing plate 26

10  against the second bearing 25. One end of the motor coupling 27 islattached to the
shaft 40 using a key and set screw ér other locking device. The other end of the
motor coupling 27 is attached to a shaft of the motor mechanism 70 also using a key
and set screw or other locking device used to attach the motor mechanism 70 to the
shaft 40. '

15 The mount 33 is attached to the second bearing end 32 of the housing 30, for
example, by welding. The mount 33 includes motor mounting apertures 35.
Faéteners 36 are used to attach the motor mechanism 70 through the motor mounting‘
apertures 35. The fasteners 36 and motor mounting apertures 35 are countersunk or
recessed to allow the mount 33 and the attachment device 65 to abut flush against

'20 each other. |
The mount 33 also incélude’s a set of conduit mounting apertures 34 arranged

on a radius outside the motor mounting apertures 35. The conduit mounting apertures

34 are used to attach the particle refinement apparatus 20 to the influent conduit 60.

11



end 41 of the shaft 40 to chop or mll the particles to a desired particle
size. The blade 5 set 50 is positioned to direct the particles yaauaty aho7
direction fromthe shaft 40 within the contai nnent device 80. The particle
refinenment apparatus 20 is designed to disperse the sized particles from
the bl ade set 50 in a radial direction within the containnent area 84. Since
the particles are directed in a radial direction fromthe shaft 40, the
particles do not inpact 10 and clunp together against the opposite side of

t he contai nment device 80.. The particle refinenent apparatus 20 is
designed to have a self-cleaning action to prevent the particles from
adhering to the lolFagles, shet shaft. 40Andleddser prosinfadsnd 4 Qrefirsbedaping pbRioaan2; &i nnent ,
device 80. The heater heats the air to provide a continuous upward fl ow of
air. The aisreccﬁﬂdowaemge}soeﬁora4y,a§t&mmpéﬂdl 44)% mbeor! QRApRAE ofidaS4Ata Bla@QNL i NUOUS
rate fromthe fluid bed equi pnent. O her nethods OF creating a vacuum may

2 50,2 Bt Sy ok len SR vl ALY bl o Vbl 0, YOS BRGd e | e

The present invention nmay odi r.'specil orns wt
departing fromits.spirit or, essential characterjstics. .,The describped
embodi ment séoé?g rigg, aéerﬁj-! et &F adread qrr‘fogllpPSIf%es‘éjé@f“ﬁ%&?lV%d§ B0t ative
and not _restrictive. The scope of tjre invention is, therefore, indicated by
t he append@ECENLERROdmeH 3 sryeipralipembe supl avg 62850rdBYRIRE MAY byrpsedy Thehanges
whi ch come within the nmeaning and range of equivalency of the clains are to
be enbr aced®reHimal end dbithe isopad seaomd Degring pRior0d, 430ty distal enddpand i cl e
refini ng apparatus conpri sing: .

the motor coupling portion 45 are cylindrical shaped. The first and second bearing

portions 42, 43 are sized to fit the first and sécond bearings 24, 25, respectively. The
blade mounting pbrtion 46 is parallelepiped shaped to provide a mounting area for the

10 blade set 50. The blade fastening portion 47 is threaded and positioned on the end of
the blade mounting portion 46. The thfeads on the blade fastening portion 47 are
sized to éccept the nut 54. The nut 54 is used to hold the blade set 50 on the end of
the shaft 40. Other locking devices may be used instead of a nut, for example, a pin,
cap, key or weld and the like.

15 The blade set 50 is attached to the proximal end 41 and the motor mechanism
70 is attached to the distal end 44 of the shaft 40. The first bearing portion 42 is
positioned between the proximal and distal ends 41, 42 of the shaft 40. The second
bearing portion 43 is portioned on the distal end 44 with the motor coupling portion
45 on the outermost eﬁd. The motor coupling portion ;15 is sized to fit'the motor

20  coupling 27.

The particle refining system 10 incorporates the particle refining apparatus 20
into é continuous processing system between a wet agglomeration processing machine

and a fluid bed processor. In the system, particles, such as wet agglomerated powder,

12



a conduit to be integrated into a process system the conduit being suitable
for transporting a material to a containnent device, the containXUAR¥200E
having a wall; a shaft having distal and proxi mal ends, the shaft being

di sposed in at least a portion of the conduit; a blade set attached near
the proximal end of the shaft, the bl ade set being positioned to span at

| east a portion of the wall of the containnent device; attachnment couplings
di sposed between the shaft and the conduit, the attachnent couplings
supporting the shaft and allow ng the shaft to freely rotate. 2. The

particle ref ratus of ¢ m 1, further isin r attached
to the end oéf t"'t%%e pa ?T@I%etrg&r\“hﬂ%ﬁlé nédﬁBg‘reé%gg}hﬁﬁ ng@ eé‘é@%i&fth@ etQ"‘He set .

3. The partl c i ni ng a?uparat us of .claim,1, wherein the conduit is

di vi ded, FFSJ % gmpagatus 20, + Thenpartigle refiningappgratwre2 & msfudes fheanefphde set
and the attachnent couplings, and a second portion for providing particle

i ntake. 4. TRfBapsmti0cthat fpquﬁh%@ﬁb%rﬁhwbladﬁf se}|58iisra®ached te Herpreximel i sing a
nmount affl xed to the first portion opposing the contai nnment device, and a
mot or nmechand $inofitheabhft 0 tochoper millnhe particledte a ddsisédaparticle saé. Thebladmft. 5.
The particle refining apparatus of claim4, further conprising a variation

devi ce 8t t aet6iistpasitibred todireét tHEﬁMBFeMHéﬁdié@ﬂﬁfec%@n(IHﬁwpﬂie shpead wathid he notor
mechani sm 6. The particle refining apparatus of claim1, wherein the shaft

i's arrangeqhesgbnwﬁheﬁtde{gg@g@ a portion of the blade set is positioned
wi thin the contalnment device. 7. The parti cle refining appar atus of claim

of 96t patt é?ﬁ 'q%@%ﬁ il Shealy 242 dssép%é oiBERRaf R AR T 2

| east one es.i s dto slant t rd t
cont ai nrren 5’1 Clga € se %6 Yn a racP al direction wit 1nt containment area %‘ﬂ S(ljnce the

particles are directed in a radial direction from the shaft 40, the particles do not impact
10. and clump together against the opposite side of the containment device 80. The
particle reﬁnement apparafus 20 is designed to have a self-cleaning action to prevent
the particles from adhering to th;e blade set 50. |
. A heater is positioned below the containment device 80. The heater heats the
air to provide a continuous upward flow of air. The air flow creates a vacuum pulling
15  the pérticles at a continuous rate from the fluid bed equipment. Other methods of
creating a vacuum may also be provided, for example, a blower, fan, turbine, vacuum
and the like.
The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The describéd embodiments are
20  to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the
foreéoing deécriptibn. All changes which come within the meaning and range of

equivalency of the claims are to be embraced within their scope.

13



14 3 JANUARY 2007 9. The particle refining apparatus of claim?7, wherein at
| east one of the plurality of blades is formed to slant into tHeJAYRY 2007
10. The particle refining apparatus of claim7, wherein at |east one of the
plurality of blades is fornmed to slant toward the contai nnent device, at

| east one of the plurality of blades is fornmed to slant away fromthe

cont ai nnELAIMSvi ce and at | east one of the plurality of blades is forned
substantially straight on a radial line with the shaft. 11. A particle
refining apparatus conprising: a housing configured to be connected to a
process Isysaetivlé rediningiapgaratus oohpdigimgnt device and an influent conduit; the
housi ng being connected to the contai nnent device and.the_ influent conduit,
t he contai nn@r’ﬁona'é‘ﬂoc@ ‘Wﬁ%‘iaf‘f’g 1310\ Ry peesS Sy St eﬁ%‘?ﬁ“ﬁa’emgssflﬁ?bq‘éfﬂ‘] proxi mal

ends, t hanghafide PRbRAaICD aREFEMNA: dlvideois bortaiRBEA RPicOhavibdI# wallf | uent
conduit; a bl ac?e set attached near the proximl end of the shaft, the bl ade

set bei ng podishpBhaving distad prdpraximabends, the phaffithesng digposadeinablepst gfportipa of

cont ai nr’fﬁﬂ&onﬁﬁi‘f‘i ce; and attachnent couplings arranged within the housing,

t he attachnent couplings supporting the shaft and allow ng the shaft to
freely rotat ea bldde seTétmchal teacthe prexdimaliend ofithp alnadt, the bdddeckebeinglfositioned toer
conprising a,screen .attached ta the end o t he particle refining apparatus
and adj asé?g%?t le3sia B‘Prgﬂléog Wail(??thﬁff?nﬁmef‘{:ﬁieé"c?eefi ni ng apparatus of claim 11,
further conprii@éiigen? complinks aibfds¥®Betiveert the shatQid ititconaii tike AMERHedtEChani sm
attached to the nmount and the distal end of the shaft. 14. The particle

ref i ni ngeouphings SYRportyTe the shaf apd allpying s shafh ipireedy rfate: vari ati on devi ce
attached to the notor nechanismto vary an output speed of the notor

mechani sm
2. The particle refining apparatus of claim 1, further comprising a screen attached to the end of

the particle refining apparatus and adjacent the blade set.

3. The particle refining apparatus of claim 1, wherein the conduit is divided, including a first
portion for retaining the shaft, the blade set and the attachment couplings, and a second portion

for providing particle intake.
4. The particle refining apparatus of claim 3, further comprising a mount affixed to the first
portion opposing the containment device, and a motor mechanism attached to the mount and the

distal end of the shaft.

5. The particle refining apparatus of claim 4, further comprising a variation device attached to the

motor mechanism to vary an output speed of the motor mechanism.

6. The particle refining apparatus of claim 1, wherein the shaft is arranged so that at least a

portion of the blade set is positioned within the containment device.

7. The particle refining apparatus of claim 1, wherein the blade set includes a plurality of blades

configured in an offset pattern.

8. The particle refining apparatus of claim 7, wherein at least one of the plurality of blades is

formed to slant toward the containment device.

14



15. The particle refining apparatus of claim 11, wherein at |east one of the
housi ng and the shaft is arranged so that at |east a portion ofJANEGABYZ487
set is positioned within the contai nnent device. 16. The particle refining
apparatus of claim1l1l, wherein the blade set includes a plurality of blades
configured in an offset pattern. 15 3 JANUARY 2007 17. The particle

ref i ni ng9-dfhe@ediclesebfing hppanata 6ol oldimr7e whergin 4t deasttong o€ thsfplurhlity oif bladésis y of

bl ades i%n%&fﬁﬁ%m‘ﬂn h@q%n&ﬁyard t he contai nment device. 18. The particle
refining apparatus of claim 16, wherein at |east one of the plurality of

blades is formed to slant into the housing. 19. The particle refining

apparatu claim16,. wherein at lLeast one of the plLurality of Dblades is
o ed t B0 Jhe R Biting Hopeth e HrBar hgom e casting Lt Prelty SRS o r ol 1y
of bl adefrhgd fodldiethviaed thelcombinhithOddvire, 104t di8 oR iR phirali9dTH1aA8Es Wrmel e
plurality of blades is formed substantially straight on a radial line with

t he shaf slantagay fopdthe pentainment; devie angdhasdoast ans of wrgligypf bladpoig ferpgd

confi gur . NRESTE £A.dtaP1ife RIPEESRaSYSt €M i ncl udi ng a cont ai nnent
devi ce §%§5§ﬁﬁﬁﬁﬁﬁggﬁﬁ{cghéﬁpt, t he hoﬂging bei ng connected to the

contai nment device and the influent conduit; a shaft having distal and
proxinallggﬁs .Hhe haf t behg% disgosed in at |east a portion of the

i nfl uent RATGle refingie FpRABlYS COMPOYg Y near the proximal end of the shaft,

the bl ade set ah@isitg qonfxIrEBLEbS Dnnddid 16 @Prcte&HEEMARILAIRG a tailmbRGRIRAT
couplings arranged within the_ housing, the attachnment couplings supporting
t he shaf andsidndyqnpapndyitt the haoysine being opaestag tp fiegoptainment device and the influent

conduit, the containment device having a wall;

a shaft having distal and proximal ends, the shaft being disposed in at least a portion of
the influent conduit;

a blade set attached near the proximal end of the shaft, the blade set being positioned to
span at least a portion of the wall of the containment device; and

attachment couplings arranged within the housing, the attachment couplings supporting

the shaft and allowing the shaft to freely rotate.

12. The particle refining apparatus of claim 11, further comprising a screen attached to the end of

the particle refining apparatus and adjacent the blade set.

13. The particle refining apparatus of claim 11, further comprising a mount affixed to the

housing, and a motor mechanism attached to the mount and the distal end of the shaft.

14. The particle refining apparatus of claim 13, further comprising a variation device attached to

the motor mechanism to vary an output speed of the motor mechanism.

15. The particle refining apparatus of claim 11, wherein at least one of the housing and the shaft

is arranged so that at least a portion of the blade set is positioned within the containment device.

16. The particle refining apparatus of claim 11, wherein the blade set includes a plurality of

blades configured in an offset pattern.
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wherein the influent conduit includes a first and second end, the first end
bei ng connected to the containment device and the second end HalANGARYZ90T ¢
configuration, the second end including a first portion for connecting an
influent streamto the influent conduit and a second portion for enclosing
the particle refining apparatus. 21. The particle refining apparatus of

cl ai m 20,7, fTHE pdr8Ele et sppa@ranf daind C6)veeteitl eMease o dfithepluraliey dffttadeezond
portion, and a notor nmechani smattached to the attachnent device and the

di stal femaeddp stapbtowrukthe coainment dgWeei ¢l e refini ng apparatus of claim 21,
further conprising a variation device attached to the notor nechanismto
vary an out put speed of the motor mechanism 23. A particle refining system

conpr i si kg The parielarefinireapparasiof elaiym | 6. righereinal lpast owe of theyplupatity giodades isn

i nfluentg ¢ if. | ni ng appar atus positioned between the influent
condui t fgﬁgp%éagtoﬁ&gﬁhgﬁéﬁﬂggevi ce, the refining apparatus including: a

housi ng configured to be connected to the influent conduit and the

cont ai nngnt. devi.ce; .a notor _ at hed_ta the housing; haf. i ng. di st al
Sod or onahe S e e o SRR 6 el at R pRESts BRRLYY dPRdSis ot or
the shaffrh&i 1G4t RRasEHe tont@hmeRaRyicad 4 Raltioad oPthetphRaldy Biblaldes idfdehade set
attached near the proxinmal end of the shaft and positioned to span at | east

a port i dantfto thehoyring angk atdenst angef therphiality @Eblades is formed substantalht staighpen ngs
arrangeqiﬁhﬁph&:&Qﬁﬂggygﬁng, the attachnent couplings supporting the shaft.

20. A particle refining apparatus comprising:

a housing configured to be connected to a process system including a containment device
and an influent conduit, the housing being connected to the containment device and the influent
conduit;

a shaft having distal and proximal ends, the shaft being disposed in at least a portion of
the influent conduit;

a blade set attached near the proximal end of the shaft, the blade set being proximate to
the containment device; and

attachment couplings arranged within the housing, the attachment couplings supporting
the shaft and allowing the shaft to freely rotate,

wherein the influent conduit includes a first and second end, the first end being connected
to the containment device and the second end having a split configuration, the second end
including a first portion for connecting an influent stream to the influent conduit and a second

portion for enclosing the particle refining apparatus.
21. The particle refining apparatus of claim 20, further comprising an attachment device affixed
to the second portion, and a motor mechanism attached to the attachment device and the distal

end of the shaft.

22. The particle refining apparatus of claim 21, further comprising a variation device attached to

the motor mechanism to vary an output speed of the motor mechanism.

23, A particle refining system comprising:

a containment device having a wall;
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24. The particle refining apparatus of claim23, further conprising a screen
attached to the end of the refining apparatus and adj acent the3 HA3HARYH007
25. The particle refining systemof claim23, further conprising a variation
device attached to the notor to vary an output speed of the notor. 26. The
particle refining systemof claim23, wherein the refining apparatus is
arranged so téramﬂa&ntcbmm';ami portion of the blade set is positioned within

t he contai nment .device. 27. rticle refinjng,syst of cl ai

wher et the o EABREAPPiTEF peudonel Brineey fhejmnt gl S E Bk SroyiinBm fisn
of f set p@t t&ning a%garamaencmﬁﬁg cI e ref| n| ng syst em of claim 27, V\,herel n at

| east one of the plurality, of rmed to sl ant tovva

cont ai nment  debouste cegﬁgur%tOd)&rqorleq%‘:drt@fhedpfﬂf&ngs@lééw@ﬁ the |caliltmnwnt ‘Wi@?el n at

| east ong, BforbishPl W dL hé kit bl ades is formed to slant into the housing.
30. The pgtlrtolrcﬁe ref |n+ng g%stem of claim 27, wherein at |east one of the

plurality of &bwfidmving distalanéproxinal leads thelistel énd bfthe srafidieingeattackidyt e,  at
| east one of th ural j slant into the housing
and at | @8‘2){’ tg‘“hé‘ g[fbe{nﬁe lsﬁﬁﬁe%a{{ll {laa&]a PBﬁ%?agmr% CO?(RI# fred substantially strai ght
on a radial hbhRde vthaitachb&n&in &fetprmfh%al end of the shaft and positioned to span at least a

portion of the wall of the containment device; and

attachment couplings arranged within the housing, the attachment couplings supporting
the shaft.

24. The particle refining apparatus of claim 23, further comprising a screen attached to the end of

the refining apparatus and adjacent the blade set.

25. The particle refining system of claim 23, further comprising a variation device attached to the

motor to vary an output speed of the motor.

26. The particle refining system of claim 23, wherein the refining apparatus is arranged so that at

least a portion of the blade set is positioned within the containment device.

27. The particle refining system of claim 23, wherein the blade set includes a plurality of blades

configured in an offset pattern.

28. The particle refining system of claim 27, wherein at least one of the plurality of blades is

formed to slant toward the containment device.

29. The particle refining system of claim 27, wherein at least one of the plurality of blades is

formed to slant into the housing.

30. The particle refining system of claim 27, wherein at least one of the plurality of blades is
formed to slant toward the containment device, at least one of the plurality of blades is formed to
slant into the housing and at least one of the plurality of blades is formed substantially straight on

a radial line with the shaft.
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