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SYSTEM AND METHOD OF PULVERI ZI NG AND EXTRACTI NG
MJ STURE Technical Field The present invention relates
Wo oseetIns ques for processing materials to pul RET/EZAZ04/000126
and extract noisture Background of the Invention
Nunerous industries require the | abour intensive task
of reducing materials to smaller particles and even to
a fine powder. For exanple, the utility industry
requires coal to be reduced from nuggets to powder
bef ore bei ng burned in power generation furnaces.
Li mest one, chHBKENMhANIGMETHOEr OFi Pid HERIZNG ANBO,
for. nost uses, be reduced to powder form Breaking up
solids and grindi ng EDEFRACTINGAQWESTURE nechani cal |y
demandi ng process. Ball mlls, hamver nills, and other
nmechani cal structures inpact on, and crush, the pieces
of material. These systens, although functional, are

] figtent and relatively slow in processing.
I ﬁ%'&él%élﬁ dustries further require noi ISturE ;
racti.on froma wde rapge of materials. Food )
THE bt HZ;",%‘@M@'@\{M%*E{ fechRiaesat processing dpaiesieistp, pulverize and
m ning,. and many other. industries require noisture
exIAGt HRISe n sone industries materials are discarded
because noi sture extraction cannot be perforned
efficiently. These sane materials, if they could be
efficiently dried, would otherw se provide a
Backygreund af tHzem@khtion n ot her i ndustri es, su_ch as waste
treatnent and processing, water-2- extraction is an

N iﬂiﬁn%‘f&())% iéﬂ%ﬁ?ersr}eaﬁﬁje tHE HRIEP e ASUB Rk IEH l%td%cfn%f' materials to

smaller particles and even to a fine powder. For example, the utility industry

requires coal to be reduced from nuggets to powder before being burned in power
generation furnaces. Limestone, chalk and many other minerals must also, for most
uses, be.reduced to powder form. Breaking up solids and grinding them into powder
is @ mechanically demanding process. Ball mills, hammer mills, and other
mechanical structures impact on, and crush, the pieces of material. These systems,

although functional, are inefficient and relatively slow in processing.

Numerous industries further require moisture extraction from a wide range of
materials. Food processing, sewage waste treatment, crop harvesting, mining, and
many other industries require moisture extraction. In some industries materials are
discarded because moisture extraction cannot be performed efficiently. These same
materials, if they could be efficiently dried, would otherwise provide a commerial

benefit. In other industries, such as waste treatment and processing, water



met hods. Al t hough several techniques exist for
dehydrating materials, there is an increasing need for
WO psovass noi sture extraction efficiency. ThusPCT/ZA2004/000126
woul d be an advancenent in the art to provide nore
efficient processes for pulverizing materials and
extracting noisture frommater2als. Such techniques
are disclosed and clainmed herein. Brief Description of
extrRctiondgiamgengaing cengemsand eaendors deimarst exisisrfor amproved
materials pulverizer; Figure 2 is a plan view
miethadst. r Althowgh sevepal t‘eehan]eES @xm?lf@%@ydran@glﬁfat@nal? there is an

cross-sectional side viewillustrating a venturi
Cheadint Heed 281 infsioldE mMERRLIES Extr8SGRINVESiclRLe! | al ;
mFI gure 4 is a side view il ust rrat Fi#g acgﬁnzodi ment of

a pulverizing systemof the present invention; Figure
5 is a pI an vi ew of the puI veri zing systemof Figure

6|sa Vi illustrating an air
T@‘é%é bR e a8y Baraet ndnerat e pra esmomﬁr%erﬁ Rrgcesses for
a Craoss- sectl onal view of one enbodi ment of an air
5  pYuerring shaterals aiyl extragiing moisturerfoys raeateriatsn a$uch tashoiques are
a venturi and a throat resizer; Figure 9 is a
didclagedamglt ¢lainpecchensial view il lustrating the
conponents of an alternative enbodi nent of a
pul veri zing system Figure is a diagranmatic pictori al
view illustrating another enbodi nent of - 3-

Brief Description of the Drawings

Figure 1 is a side view illustrating a materials pulverizer;
Figure 2 is a plan view illustrating the pulverizer of Figure 1;
10 Figure 3 is a cross-sectional side view illustrating a venturi of the pulverizer as
the venturi receives material;
Figure 4 is a side view illustrating an embodiment of a pulverizing system of
the present invention;
Figure 5 is a plan view of the pulverizing system of Figure 4;
15 Figure 6 is a perspective view illustrating an air generator housing and outlet
restrictors;
Figure 7 is a cross-sectional view of one embodiment of an air generator
housing;
Figure 8 is cross-sectional view of a venturi and a throat resizer;
20 Figure 9 is a diagrammatic pictorial view illustrating the components of an
alternative embodiment of a pulverizing system;

Figure 10 is a diagrammatic pictorial view illustrating another embodiment of
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a pulverizing systemof the present invention; Figure
11 is a perspective view of one enbodi nent of an

wa@eeosloomwsgener at or suitable for use with a sysPEnZa$004/000126

the present invention; Figure 12 is a cross-sectional

view of a portion of the airflow generator of Figure ;
Figure 13 is a plan view of am3interior portion of the
airflow generator of Figure 11, Figure 14A is a plan
a\RUNRrEIncsystam offhe Paerenifinverfionde of the airfl ow

generator of Figure ; Figure 14B is a plan view of an

al t eFigare vid isbefispectiveofiew dfrarid émpoditgentalf zm diase generator
of the airflow generator of Figure ; Figure 15A is a

siitatsp éort Uiskewith eveyeterd diehé ippEsdHt ilhtidinf f | ow gener at or
of Figure 11; Figure 15B is a perspective view of a

por t FRfurd 2?8 2Pdrb&s-BaLAiN I SARP BF TR Ui of‘fheaéiﬁdﬁgﬁg%rg\tor of

generator of Figure ; Figure is a'side view o
PR 4T, Cet i onal view of the bl ade of Figure 18 on the
"SR i R 1 o6 BB g o of i
and Figure is a side view of a further enbodi nent of
1the pulverizing system of
Figure 14A is a plan view of a trailing edge of a blade of the airflow generator
of Figure 11;
Figure 14B is a plan view of an alternative embodiment of a trailing edge of a
blade of the airflow generator of Figure 11;
Figure 15A is a perspective view of a portion of the airflow generator of Figure
11;
Figure 15B is a perspective view of a portion of an alternative embodiment of
an airflow generator of Figure 11;
Figure 16 is a side view of a blade of the airflow generator of Figure 11;
Figure 17 is a cross-sectional view of the blade of Figure 16 on the line 17-17
of Figure 16;
Figure 18 is a perspective view of a portion of the airflow generator of Figure
11; and

Figure 19 is a side view of a further embodiment of the pulverizing system of

the present invention.

Detailed Description of Preferred Embodiments
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the present invention. Detailed Description of
Preferred Enbodi nents _4- Referring to Figures 1 and 2

wo@Roosletsds aw ngs, a pul verizer 10 for pul veri zP€ZArI®4/000126

extracting noisture is shown which includes an inlet
tube 12. The inlet tube includes a first end 14,

communi cating with free space'énd an opposi ng, second
t cou venturi 18. The inlet tube 12

16 .t les to a . _ 1 '
'ﬂ%?%v%a dQ E%H'fés oﬂf’%@‘iﬁ&é the diawdingena priveriaenhd &r pulverizing and
material can accelerate to the required velocity. A
exiragting metsturehis whpwrawhioh indladesian inlebiube 1heThelsiet tube 12
end 14 to prevent introduction of foreign particles

inchidestaérsp ehder4, semriOnicatiey iitheted shgcd Hkd BAfopposing, second end
i ncl udes an el ongate opening 20 on an upper part

16 hiedtesfuples &) 4 QehgeMBINi cation with the open | ower end
of a hopper 22. The hopper 22 is open at its upper end

24 to receive naterials. n an alternative embodi nent,
the pul verizer does not include a hopper and nateri al

1S .SLply jpnserted into the el ongated opening 20 _

The i ERE 14 BV de g shelEngs Brde YARWaAS in hdch material can
venturi includes a converging portion 26 coupled to

aggrierate g theteguired Vﬂ@'t&!og\/@?@” i(ngt plaewin)omagde placed to cover the
progressively reduces in diameter fromthat of the

firsheed 1duberevent idiraduttion ofifardign pattivied into thd galvebRsr 10. The
The venturi further includes a throat 28 that

intatitubeail ASuAheoingiudles tin lbagEEUpAIMGLOtH éﬁfﬁﬁ?t@'ﬁﬂé%ﬁrthereof to

di aneter of the inlet tube 12. The venturi t

, . . . e _
wlcetuingyosloretah 6 B0Ch herihd 024 16992 e Rfper 221
oﬁé?‘?afji'té Gﬁﬁéroéhco%% rrééecf\\/\é m-lél%griaqls.v ™ %Inna(?ternative embodiment, the

pulverizer 10 does not include a hopper 10 and material is simply inserted into the

elongated opening 20 through various known conventional methods.

The venturi 18 includes a converging portion 26 coupled to the inlet tube 12. The
converging portion 26 progressively reduces in diameter from that of the inlet tube
12 to a diameter smaller than the inlet tube 12. The venturi 18 further includes a

throat 28 that maintains a consistent diameter equal to the smaller diameter of the

inlet tube 12.

The venturi 18 further includes a diverging portion 30 that couples to the throat 28
and progressively increases in diameter in the direction of airflow. The diverging
portion 30 may be coupled to the throat 28 by casting, screw threads, or by other

known methods. As illustrated, the converging portion 26 may be longer in



portion 30 may be coupled to the throat 28 by casting,
screw threads, or by other known nethods. As

WO kdoast4as ed, the converging portion 26 may bePCDAYEI04/000126
in-5- longitudinal length than the divergi ng portion
30. The venturi is in comunication with an airfl ow
generator 32 that creates an abrflow flowing fromthe
first end 14, through the inlet tube 12, through the
longitudinal mgtmﬂwn ihetdiverging poiogéer at or 32. The
velocity of the generated airflow may range from 350
nph to supersonic. The airflow velocity will be
greater in the venturi than in the inlet tube 12. The

K f ' ter
Tfll_é veh 98 RemedsthmiridatioAwitean %erl@ﬁétn‘ég%@ _I?}%ethggalrgﬁtes an

he drive notor 34 drives a drive s
ﬂ]ow tfl%*@fg} ﬁpﬁfﬁwegir rjst’ §ré§ﬂtég{hr§mgfiﬂféaiﬁ?§t%8§gq g? grﬂgggﬁ 98 venturi 1 8,
o AR SR RraPh I3 Sl o S g EAAEH o By rane
whereas a smaller pulverizer may be used to process

5  frepudefe Maistaesunereericd e @a‘mV@I@§§3eWIII kv @reater inoiie venturi 18

generator 32 incl'udes a plurality of radially

thentiartbie mgebtubdet2.t hat are rotated by the shaft 33 to
generate a high speed airflow. The airflow generator
32 is disposed within a housing 35 that includes an
air and materials outlet 36. The housing 35 couples

T%%IB%@E%'B?@ RN RSa BrifOHRItB834 NRYE &]’R)%L%ch?r 34 drives a

t allows c rmunl cat1 on betwee

d%ﬁ@?%ﬁé"t PRor Bk B g i tRBca7 fn [ dnf ERpencs on

tg th tl 6 t h to allo
tl%rrn@ t z%bﬁg{{%]iggio %gﬁ?%aé%pw?rgt%)a%dpa%%qg{v Sé%lerator dlmevr\11310ns A

10 larger pulverizer 10 may be used at a municipal waste processing facility whereas a
smaller pulverizer 10 may be used to process sewage waste on board an ocean

vessel.

The airflow generator 32 includes a plurality of radially extending blades that are
rotated by the shaft 33 to generate a high speed airflow. The airflow generator 32 is

15 disposed within a housing 35 that includes an air and materials outlet 36. The
housing 35 couples with the venturi 18 and has a housing input aperture (not shown)
that allows communication between the venturi 18 and the interior of the housing 35.
The blades define radially extending flow passages through which air passes to the
outlet 36 on its periphery to allow pulverized material and air to exit. One

20 embodiment of an airflow generator 32 suitable for use with the present invention is

described in further detail below in reference to Figures 11 to 18.
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enbodi nent of an airflow generator 32 suitable for use
Wth the present invention is described in further
waledaoaioks4bel ow i n reference to Figures to 18. - 6GPCT/ZA2004/000126
Referring now to Figure 3, this illustrates operation
of the venturi during a pulverization event. n
operation, material 38 is intr@duced into the i nl et
tube 12. The material 38 may be a solid or
Retarring diondto Figeread r thisoilugleaiies aperatim @%ﬂf@r\&ir’é@ﬂ 48 during a
stream ranging from 350 nph to supersonic, that flows
ptilveozajiont dveentnlirebperdimnantatehalBRis intnedumd imto tHeBinlat tube 12.
the venturi , the airflow velocity substantially

THE ¢eatefial 3B malite BRjofitlictla Séini-SolRf. oPied bﬁﬂo@)ﬁaéﬂé?at’@'r 8D generates

speed airflow'to the venturi 18. The material 38 is

aﬁ%l?rj ditfan, r]'aﬂ AT SGh 5P 'hht8 éu’lﬂte?gdrﬁ&% tAL PGk §'Er1sr§[19h B inlet tube

tube a d a gap eX| ween t’he I nner

I b d h . 38, As
B he i T TG dhe PBRoYdelqty spstantally
becones narrower and event ual I)é the material 38 causes ]
agcalgiadesind hamatetal?d isnpropelled by tle high spredainllew & e venturi 18.

portion 26 through which air can flow. A reconpression
Teaookteriah@s wosmalkigr is diameterrtoary the nteridrediamteten efl thanniet tube 12
a bow shock wave 42 builds up ahead of the nateri al

aRd a JMeedsishmtwesr ehgimerpuiaceof e Megedevd2 dnd it material 38.
throat 28 there is a standing shock wave 44. The

action of these shock waves 40, 42, 44 disintegrates
the material 38 and results in pulverization and

Ag%é M’[?n%? conﬁe’lré) [hef £ mérg?‘\ﬁr@i@é@ gﬁt th@&z?ﬁ ggé&ﬂeéer\%rrower and

nues hro uri

h air enerator 32. Th
evalitiely B el iiad shciens wgl&tar&fa%%@é i Be Bferiotihe
the di rren3| ons of the pulverizer . By increasing the
corvyesgingypastion BE tarauahoxhich air can flow. ‘A recompression shock wave 40

trails rearwardly from the material and a bow shock wave 42 builds up ahead of the
material 38. Where the converging portion 26 merges with the throat 28 there is a
standing shock wave 44. The action of these shock waves 40, 42, 44 disintegrates
the material 38 and results in pulverization and moisture extraction from the
material. The pulverized material 45 continues through the venturi 18 and exits into

the airflow generator 32.

The material size reduction depends on the material being pulverized and the
dimensions of the pulverizer 10. By increasing the velocity of the airflow,
pulverization and particle size reduction increases with certain materials. Thus, the
pulverizer 10 allows the user to vary desired particle dimensions by varying the

velocity of the airflow.
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pul verization and particle size reduction increases
Wth certain materials. Thus, the pul verizer allows

WO b@sasaset o vary desired particle di mensi ons BYT/ZA2004/000126

varying the velocity of the airflow -7- The system has

particul ar application in pulverizing solid materials

into a fine dust. The system hés further application

in extracting noisture fromsem-solid materials such _
The sysiene i19d1asrattieulapapelicaiiondg eulvarizing sali matatials into a fine

waste, fruit pulp, and so forth. Referring to Figures
dustanthe& sysiamehh bes fiwthereiprlicatisn éneditdcting mbistyredsemtsemi-solid

invention is shown for pulverizing material and for

meténials isubh agohahicipal Waeté,tmermtwgeabniﬂéﬂmﬁpwd@m Wa8te, fruit
illustrated includes a bl ender 102 for bl endi ng

piiBt BhH&lcSfolR. & preprocessing stage. Raw material may
i ncl ude polyners that tend to lunp the material into
granul es. The granul es may be oversized and, due to
t he polyners, resist breaking down into a desired

wder .farm The sence of pol rs is typical wth
RETH 18 sa gt & aid Son pmtodinent Al « susiea 0 of e present
_sewage treatnment to bring the waste particles
invegaem i shaxws far puivesizing sxdariarand fios extrpetingsmoisiure frag the
in a material that is nostly sem-solid. n sone
materas e systenriOe iliustrated inotudes bicnoet ¢02 foéobl2Ading materials in
percent solid and the renmai nder noisture. n the

a Prepioeessing Reags. aRaw Matlridl ithyeinBRAE! filyrA8RNthat ferld #E8mp the
wth the raw material to break down the pol yners and

SO aEon e e B 8 oy BT A paymer,

products fray pr oc _
re@?&t rrc'agll(inb %o'wrﬁt in odg %%%ir'eg tp%wder form.

The presence of polymers is typical with municipal waste as polymers are introduced
during sewage treatment to bring the waste particles together. Waste is processed
on a belt press resulting in a material that is mostly semi-solid. In some processes
the material may be approximately 15 to 20 percent solid and the remainder

moisture.

In the preprocessing stage, a drying enhancing agent is mixed with the raw material
to break down the polymers and the granulization of the material. Non-polymerized
products may be processed without the blending. Raw material is introduced into
the blender 102 that blends the material with a certain amount of a drying enhancing
agent. The drying enhancing agent may be selected from a wide range of

enhancers such as attapulgite, coal, lime, and the like. The drying enhancing agent
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the bl ender 102 that blends the material with a
certain anount of a drying enhanci ng agent. The drying

wepivaneisng agent may be selected froma w de rBOEAN04/000126

enhancers such as attapulgite, coal, linme, and the
i ke. The drying enhancing agent-8- may al so be a
pul veri zed and dried form of tHe raw material . The
bl ender 102 m xes the naterial with the dryin )
mayhalae be@ RyWATIzeS apd stigddorR e spwiraateriabi 'Efﬂ% plender 102 mixes
content and granular size. The raw material is
ther mnaderéal vdth thealryingeeridianciter add# to protiecdap @gpraariaie moisture
any one of a nunber of nethods including the use of a
coneviend epafi@ei site104 such as a belt conveyor, screw
conveyor, extruder, or other notorized devices. n the
illustrated enbodi nent, the conveyance device 104 is
an inclined track that relies on gravity to deliver

i gt i
THEYREREIA L Gat ErBaRRE B POp SRV EP R LBty o o
a1 D heRBEF HAG, BB gheP a2 3y dsdioe 104 such as a belt

elimnated and material is delivered directly to the
CenvRHpiL SCTEPEIANY§YOD extrugre armiteer mekbwizeg devieeser Inrtbedllustrated
sensors 108 nonitor the flowrate of material passing
efmbadirnkat, the cdeveyEdZetdevidee1 04 lissan indieed 2rackithaketissron gravity to
8 is in communication with a central processor 0 to

deR@t rahembigid tome Rdper B2 TRESBHVARHhIEEYeis: 404 ROB6Sitioned
proxi mate to the conveyance device 104, proxinmate to

bl BIRREEodfo iy Son e Rhrer oyt i Ber 102
the material flow rate. The central processor 0 is in
communi cation with the flow control valve 106 to

i ncrease or decrease the flow rate as needed, o
Inap altsmative erpbediment oihe hopper 22 may be eliminated and material is

delivered directly to the elongate opening 20 of the inlet tube 12.

One or more sensors 108 monitor the flow rate of material passing from the blender
102 to the inlet tube 12. The sensor 108 is in communication with a central
processor 110 to regulate the flow rate. The sensor 108 may be disposed proximate
to the conveyance device 104, proximate to the hopper 22, within the hopper 22, or
even between the hopper 22 and the elongate opening 20 to monitor the material
flow rate. The central processor 110 is in communication with the flow control valve
106 to increase or decrease the flow rate as needed. Alternative methods for
monitoring and controlling the flow rate may also be used including visual inspection

and manual adjustment of the flow control valve 106.
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nmonitoring and controlling the flow rate may al so be

used including visual inspection and manual adj ustnent
wo@tooshetssé ow control val ve 06.-9- The hopper 2PCT/ZA2004/000126

receives the material and delivers the material to the

el ongate opening 20 of the inlet tube 12. The airfl ow

pul I s the material fromthe inPet tube 12 t hrough the

vent uri n the illustrated enbodi ment, the first
Thadoppsy 3268%“'@% #&j%er@lfarﬁir@@lwefﬁ thenvateyial te #ie glongate

di ameter greater than the inlet tube to the dianeter
opéninge2Q of fbe inkebtuben12.he il |l ustrated enbodi nent, the

di vergi ng section 30 couples to the housing 35 and

conmuni cates directly with the housing 35. The | arger

di aneter of the diverging section 30 is not

Tﬁé%ﬁﬁﬂ%w;bulhé thBens@m8| ﬁémttﬂ%tnﬂl%‘c dsmeemmr@u ﬁlﬂﬁévéﬂ%m In the

an alter nat i ve enbodi ment Iverglng eCtI on

lIIUE?f'af‘egi“ B?nmbfrh'%;fﬁ'% LS %6}4)‘? %?Eﬁ@grgaltqs %H%} %?? fgnverge from a
d%‘ﬁ#e?thﬂﬂm &+ GPRgNBINE! Bhest? Pedguete Glufietehiben

volune into the interior of the housing 35 and the

airflow generator 32. n one enbodi nent, two fl ow

val ves are di sposed on the diverging portion 30. The
Irstpst idusttated entlsodimens tted divarhinghsectibn\B0vedupdss to the housing 35
partially or conpletely opened. f material begins to

afd TohflnichRsadirdctipWigenefduing25. The Iy dvaheRs o’#rtﬁ‘e diverging
cl osed to provide additional force and drive materia

Sé fd?PQ@bﬁ[ hét r?ééfefsggmggﬁé‘géﬁ{éjé i’r‘%t tt}?? fh&upa! \Qeslnaér?alternatlve

adj ustabl e and are shown i n conmuni cat i
ent.r al roce for ntrol
et a5, B BroiBe SERET o Inedboddeits L
scope of tge i nventi gn,
such as a cylinder, tube, or pipe, prior to coupling with the housing 35.

One or more air flow valves 111 are disposed on the diverging portion 30 and
provide additional air volume into the interior of the housing 35 and the airflow
generator 32. In one embodiment, two flow valves 111 are disposed on the
diverging portion 30. The system 100 may be operated with the flow valves 111
partially or completely opened. If material begins to obstruct the airflow generator
32, the flow valves are closed to provide additional force and drive material through
the airflow generator 18. The flow valves 111 are adjustable and are shown in
electrical communication with the central processor 110 for control. Although
manual operation of the flow valves 111 is within the scope of the invention,

computer automation greatly facilitates the process.



computer automation greatly facilitates the
process.-10- The venturi provides a point of inpact
whetdeenshi gher vel ocity shock waves and | ower PUBEZaZI0Y/Y00126
shock waves. The Shockwaves provide a pul veri zation
and noi sture extraction event within the venturi 18. n
operation, there are no visi bt t0-si gﬂs (ﬁf noi st urteI 0{1
' rior of the venturi or in the housing outle
' ng?’elf‘ﬂté“e m*gd%? arﬁﬂ\'[@t‘?fri@pla@hbeqush'Qb@l'sV%lﬁclhashock waves and
al though a residual anmount nmay remain. The
lqyearwelacititshosk evayies. e sleockventesguovide sspuleedifation and moisture
materials. Experimental work has shown that certain
extraciionad et awthigthe vertarte afopzralid®) thele &t %s LRBIE BRns of
venturi are reduced to a fine powder with a di aneter
. . . _ :
e o PIORS Sy ehiat 18 %F%@ﬁ%%j?@ifgﬁﬁﬁtﬁﬁ g pmount of
; i i ratin er omthe .
5 MRSl QA R SR eE ahF R %‘sﬁgﬂgéﬁwnnggn Fliein. The
dehydr.ati on d.greatly reducing the nunber of.
PEEHeRBRLe o dmiRideHten s trs 0" maalepal: ifomesimental work has
application in processing municipal waste. The _
Sﬁ\@@#@@@@ﬂgn@ﬁ@@léhwr@r@d@n@md of/ 2hp Cemmanenitagng the venturi 18
agent provides a waste material that is readily
aferiedosse to byfineheowyet with haflamietérsoft2d ieviabrighsiivémetion event.
pul verizing and noi sture extraction process greatly
Sizededastidrhéeparndsndn e MdtoRs DGRy protesBal l*élﬂaecﬂé At Etof

waste material by rupturing their cell wa A secon

10 plahﬂ?éﬁi&ioﬂfe\l%@ﬁg] 09@83@%@%%51%? fr‘gﬁqafﬁﬁ &tgg{%r?a& Z‘%% r@%%ﬁ%ﬂs applications

i ch reduces the pathogens.

eal | nyni Gl . wast e shows that the present
UGS bt B el Attt ot et e S pBi s of pthgoens.
faecal coliform escherichia coli, and ot _he_r
pat hogens. The present invention has specific

application in extracting noisture fromfruit and
The present invention has particular application in processing municipal waste. The

preprocessing étep of blending a drying enhancing agent provides a waste material
that is readily processed by the system 100. It is believed that the pulverizing and
15 moisture extraction process greatly reduces the amount of iliness causing pathogens
in the waste material by rupturing their cell wall. A second source of pathogen
reduction is moisture extraction which reduces the pathogens. Analytical data from
treating municipal waste shows that the present invention eliminates the majority of

total colifrom, faecal coliform, escherichia coli, and other pathogens.

20 The present invention has specific application in extracting moisture from fruit and
vegetable products. In one application, the system 100 may be used to dehydrate

fruit and vegetable products such as apples, oranges, carrots, nectarines, peaches,
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veget abl e products. n one application, the system 100
may be used to dehydrate fruit and vegetabl e products
WG eh/0ags@ppl es, oranges, carrots, nectari nes,PCT/ZA2004/000126
peaches, -11- nelons, tomatoes, and so forth. Extracted
noi sture, which is reI atively sanitary, may be
condensed and recaptured to prblsdide a pure juice
product n anot her application, the invention nay be
Qs tomainase BNgsodierhe Frtraatedmaisture odnichris eslatively sanitary, may
agricultural products such as banana stal k, palm
be reesiensed) and cacagstyrathichaolidesa pusejUics pi‘bdu&t.
pul veri zi ng banana stalk fibers, the fibers are
separated and noisture is extracted. The nmaterial,
noi sture, and air stream proceed through the ai rflow
d I
'ﬁﬁ@%%h%?ﬁ@%ﬁﬁ fef%"?%eﬁi“fﬁﬁ% LaBs3a P08 Q%ét A fragt water from
Whi . verst e.material to a one 4 f
Cﬁ%?@ﬁggPUQH@' BroclEs 8ot pSibanang i inBrE: epesugancgges, tubarb,
haust, pi pe |nfluences the anmpunt of drying that
aa &@rierthn In pelvsTisiagbananegHall fibers) thedibess perjsppaitedand
further drying of materials. n the exhaust pipe 12,
maigiutenistextragiad.ng air in the exhaust pipe 2 passes the
mat eri al and renoves noi sture remai ning on the
material. The air and vapor travel to a cyclone 4
where air and vapor are separated fromthe solid
TRBURateRhl, MoiBid SAAF ST 'sﬁ@aﬁYEFHce%@r’[ﬁf hEea%tfloW@énerator 32 and

assists i'n drying the materi al I t71 on

ef?i'tj Hérrsgé; %RB%ISIF\Q%%EI%??T% gEh%nSO%éﬁ%gﬁé% I%%g%gn exhaust
PP&B@WHWL@WS? R SRR R L PARAE dénaE%mq gir separation,

t hrough the housing outlet 36 and exhaust pipe 2 and
further dehydrates the material as the materia
travels to the-12-

The diameter size of the exhaust pipe 112 influences the amount of drying that
occurs in the pipe 112. High air volume is required for further drying of materials. In
the exhaust pipe 112, the faster moving air in the exhaust pipe 112 passes the
material and removes moisture remaining on the material. The air and vapor travel

to a cyclone 114 where air and vapor are separated from the solid material.

A pulverization event generates heat that assists in drying the material. In addition
to pulverization, rotation of the airflow generator 32 generates heat. The dimensions
between the housing 35 and the airflow generator 32 are such that during rotation
the friction generates heat. The heat exits through the housing outlet 36 and

exhaust pipe 112 and further dehydrates the material as the material travels to the
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cyclone 14. The generated heat may al so be sufficient
partially to sterilize the material in certain
wa@ppbsioeasé ons. The di ameter of the housi ng outPE&L/Z3504/000126
may be increased or decreased to adjust the resistance
and the anount of heat traveling through the housing
outl et 36 and exhaust pipe 12:12fhe di aneter of the
exhau % pipe 2 and the housing outlet 36 effects the
C%i| 4.of hpgenairieddieas @n%a%@éw sriffieient | pariiallyuststeaglize the
the outlet dianmeter is further discussed bel ow
mpeiial &y cemaiorapplisatins | ess wat er, such as rock
materials, require |l ess noisture extraction. Wth such
materials, the housing outlet 36 and exhaust pipe 2
di anmeters may be increased as less drying is required.

TABgmRLTl e oL gOLEL SR b el UL e to st e

Lacr unt, of ai nd heat
rol SERRS e AP ARG AR AR g el eTifislor dud 36 and
ngl e of jnelipatjon of e exhaust pipe 2 relative to
T s 115 TBE ety ot i SypmtsIba 42 anrigioUsing outiet 36
enerator 32 al so effects dehydration perfornmance. The
e tha remne\al £ gneistuse pormularized maiertee  Agjusting tiae eluflet diameter
25 degrees to approximately 90 degrees in order to
is dunttizerodisousssdubedowxt ract i on. Material traveling upward
is held back by gravity whereas air is |less restricted

by gravity. This allows the air to nove faster than
the material and increase noisture renoval. The angle

’ , . _
SENaP AR L85 AP S e BRam VBcglt s e
ex?r%%%ﬁ.t Witlfl QiR %Qe%raﬁzta sn%ep r%utsllr?glg gﬁtlé’[r&?1 a%g e%:r:lﬁlstor\)l}lbe 112
diameters may be increased as less drying is required. Consequently, with wetter
materials, the housing outlet 36 and the exhaust pipe 112 diameters may be

decreased to increase the amount of air and heat to achieve the proper dehydration

of the material.

The angle of inclination of the exhaust pipe 112 relative to the longitudinal axis of the
venturi 18 and airflow generator 32 also effects dehydration performance. The
exhaust pipe angle to horizontal may be approximately 25 degrees to approximately
90 degrees in order to enhance moisture extraction. Material traveling upward is
held back by gravity whereas air is less restricted by gravity. This allows the air to
move faster than the material and increase moisture removal. The angle may be

adjusted to increase or decrease the effect on moisture extraction.
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The cyclone 4 typically includes a settling chanber in

the formof a vertical cylinder 16. Cyclones can be
weedsaiads wi th a tangential inlet, axial inletPCT/ZA2004/000126

peri pheral discharge, or an axial discharge. The

airflow and particles enter the cylinder 6 through an

inlet 8 and spin in a vortex d8-the airfl ow proceeds

down the cylinder 16. A cone section 120 causes the
Thecydgndilddas e welh kdewn epparatos ifor sépargtisg partsiesfoonan airflow.

itself and spins up the center to an outlet 122.

TiRacyclohe s 1artgpically irndludica semaigichidmbéeninehedbrmafla witlcal
coll ected by 1 nertial inpingenent. The coll ected

cyhRbEl ¢hEs V\(%})cWHééo&ih b& eﬁwﬁgﬁ%@wﬁaﬁghﬂﬁ Finfe?, A5k,

apex 124 ere they are char ge ough an air | ock

: er n c X
pfePaLy bR, RRab il Ao NARE T 1% AupBiiid fafiges enter the
ondenser. 130, to recejve the airflow fromthe cycl one
Cﬁ'ﬁlae'ﬁrﬂig HyRueRa '”%‘501] 1@0%&%%'@@%‘@% theha‘ﬁ&é"’ proceeds down
airflowinto a liquid which is then deposited in a )
theagyindgn116n Aotaneesedipn tHLpauses thervestexshidmetarrtoxgrease until
and provides an exit for air. The condenser 130 has
thpagas reveesesappitselbhandspins dpthe gerdeesamgutlet $22. Particles are
al ternative enbodi nent, the condenser 130 is repl aced

céhtrifigedl tbRiaf@ the PitériGalarahd deNésed %?*Fiﬁer@ié_l mingefeat. The
filter or the like. Condensation or filtering wll

c%@?ﬁ%g?ﬁi&?&%&ﬁﬁ%ﬁ)nﬁh Phk ??%%@?%Hg%ﬁ%@%é@i 123%here they

e or couple to“a

eniesiaBeb Bl e B 27 o AR co/icton FRDPRT e
further dehydrate material and will further reduce
particle size. n nunicipal waste applications,

mul ti ple cycles through the system 100 may be required
Inteertadmiappicationsgd g syalem100 may further include a condenser 130 to

receive the airflow from the cyclone 114. The condenser 130 condenses the vapor
in the airflow into a liquid which is then deposited in a tank 132. An outlet 134
couples to the condenser 130 and provides an exit for air. The condenser 130 has
particular application in food processing. In an alternative embodiment, the
condenser 130 is replaced by an alternative treathent device such as a charcoal
filter or the like. Condensation or filtering will depend on the material and application.
The outlet 134 may include or couple to a filter (not shown) to filter out residue,

particles, vapor, etc.

Passing material through the system 100 multiple times will further dehydrate
material and will further reduce particle size. In municipal waste applications,

multiple cycles through the system 100 may be required to achieve the desired
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dehydration results. The present invention

contenpl ates the use of nmultiple systens 100 in series
W eoopoemsele multiple Venturis and multiple PCT/ZA2004/000126

pul verization events. Thus, a single cycle through

mul tiple systens O in series achieves the desired

results. Alternatively, materildt nay be processed and

reprocessed by the same system 100 until the desired
dedwdratioreresiuite. dine phegarkisvestiactorderghlatesdne use of muitiple

i mpl ementation, the resulting product issuing froma

sy8yerhe MoDAR sesiea @ bydede hiulins eeRtuIR 1handireitiple puieerization
powder granul es and/ or the noisture percentage. f the

e\}érng#m?hué,aé 5?@@0&@@%:@@{1@?@?@%&(%%@@ C]D@rlnt%'g &s achieves the

nd/ or water percentage Irec

a
oSSR R AR EFuOh b e B0 e PS54 by e

honogeni zatjon of different materials. n operatjon
SANF FUF Gt ?ﬁéwilfﬁl%d%ﬁﬁe@rpw Sise.and dpessdaacaievedr e
processed through the venturi 18, and undergo
pul veri zation. The resulting product is blended and
honogeni zed as well as being dehydrated and reduced in
Inreeimplementatiom, die sgxplltinggpriodncbibsting frorasesystem 100 is analyzed
i nvention involves the honbgeni zation of sewage waste

tovdet8rraifal the AlAceof BBl ptiider YraMiled BAIVSHIRE MRSkILAE PePtlntage. If the
t he conbi ned and honogeni zed waste and coal product is

pﬁfdaﬁliit fafls fo AR LHFOHoI QaQ%%Pé’ige %‘i’m‘di/m%lr‘ .rp'éir%té@% ﬂ‘?e product

or creating steamin an electric gener ati on

. The e i s used for energy praduction, rather, than

s RS oo Pas o iyl e Rlo ol Bl ik fedec
m xed in the blender 102 prior to pul verization or

PHAMELErSy i nt er nedi ate stage between pul verization

events. M xing materials nay enhance

The system 100 allows homogenization of different materials. In operation different
materials enter the inlet tube 12 together, are processed through the venturi 18, and
undergo pulverization. The resulting product is blended and homogenized as well

as being dehydrated and reduced in size.

A particular application of the present invention involves the homogenization of
sewage waste with coal. After pulverization and water extraction, the combined and
homogenized waste and coal product is used in a coal burner to achieve optimum
burning rates for creating steam in an electrical generation plan-t. The waste is used

for energy production rather than for routine disposal.

If desired, the material may be mixed in the blender 102 prior to pulverization or at
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honogeni zation wth certain materials. f desired, the
material nmay be m xed in the blender 102 prior to
w@oioseed4z@t i on or at an internmedi ate stage bet MEEAA2004/000126

pul verization events. Materials blended in a
preprocessing stage may be cycled through nultiple
puI veri zing stages to provi de-1he desired

nization. A first material nmay be processed
ap H'Ptgg'@ﬁ dige ﬁiﬁﬂeebﬁwe\?@rntﬂvergzaélpamn@ dMixiegn materials may enhance
honogeni zed with a second material. Between ‘
hpmog@mzatnng vethagersain meatedialsndf desiesd, ahe matekial kg t@edixed in the
with the processed naterial in a preprocessing stage.

biEmelef 102tprivndo paberidatici 6F hehs uﬁéﬁnéﬂi%fb 5’@?%’[\%@59 Waerization
one or nore pul verizing stages to produce

ebemmgeni zed, final product. As an additional exanple,
a first material may cycle through three pul veri zing
stages. After the third pulverizing stage, a second
mat eri al nay be bl ended together in a bl ender 102.
fore ?1 the second nmaterial may have passed
FIRIGR Spdeshing PransPCRBingplagatman baryclasdiiceuginmudine
desired particle size. The first and second materials
PHiPrizing Siagesta pgyidedhetdasiragdhamegenizatiore Adidsttrhatesial may be
pul veri zing stages to provide the desired noisture

prsessed fhreugk maltiplelmuiveriimg stages ey theAdisihddetizat Kith a second
Referring to Figure 6, a perspective viewis shown of

matrls iBrgween ﬂdﬂﬂir:zid@cétﬂgé§ the Qééﬁﬁd“&ﬁ@éﬁél%afgg bleT d with the

housi ng 200 enconpasses fhe operatlon conponen

pfd&@ﬁé’éd} H&@flgﬁﬁ%rﬁrte?Fogé% H% QUSHAG, rgf’% ({i ﬁgg%n%%%lals are

a cut-away section F11UStT
tl}%ﬁ;b%s%{agl}p?oug\ﬁ ctJr!nqel OF more ?391 vrerltzﬁwg'O srtgblclasd ?o g%duacgcaehlor%ogenized ,

final product.

As an additional example, a first material may cycle through three pulverizing

stages. After the third pulverizing stage, a second material may be blended together
in a blender 102. Before mixing, the second material may have passed through a
venturi 18 for pulverization and reduction fo a desired particle size. The first and
second materials may then pass together through one or more additional pulverizing
stages to provide the desired moisture content, size, and homogenization for

industrial use.

Referring to Figure 6, a perspective view is shown of a housing 200 that includes a
housing outlet 202. The housing 200 encompasses the operational components of

the airflow generator 32. The housing 200 is shown with a cut-away section to
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flow, a restrictor 204 may be introduced into the
housi ng outl et 202. The restrictor 204 increases the
w0 e@sstance to the airflow and al so i ncreases PERZA2004/000126
Varying the amount of resistance and airflowis
dependent on the material to be processed. The
restrictor 204 includes a neckl®206 to nest within the
Nousi outll et 202 and a restrictor aperture 208. The
'”I”%E?tfeir}g?(ﬁ"f RMegenpralo G Withina le osder toguolisie Vasiesicelimthe output
t hat of the housi ng outlet 202. A restrictor aperture
filowsa festrister 28dtray bedntrodiceriings theoholrsing oatiet 262. The restrictor
sui t abl e shape. The neck 206 provi des a convergi ng

204 owrgasds theaesatancese-the Ciffiol ARPERS iHBlteia@,f@s :hﬁét. 9hrying the
e

the outlet 202 to the final cross-section o

amesht oCiceistaRes hHd RirlOR-is QePHABSN éﬁa %efﬁ%&r@l ?é BeiMNBcessed.

with varying aperture sizes nay be
mani pul ate the output flow and thereby tune the system
100 to suit the material being pulverized. Referring
o Fi.gure .a cross-sectjonal view of the airflow
T eeﬁeesrt'&%S’F Zéﬂ IREIHHES, atr}?&&té&%s“iorfgesi%thl%ﬂ‘sGhbWﬁanrl%ltlet 202 and a
airflow generator_32 is not necessarily coaxially
regincieRPSIfUrRiZV&: hEne Erpltiegr aperture 20@ hasl @nesisatiiom|ess than
the airflow generator 32 includes a diverter plate 250
thahat thedsousingibutleiRG1gh résivictueapetiuee 208frhaybeeBetaagarar, circular,
32. The cutting edge 252 of the diverter plate 250
orchavecdrsothel ygitabie dhapé e mhalnddht Rrussh
202. The diverter plaﬂg%e 250 élcg Z?gj‘glfbgd to Fﬁre“?#mﬁﬁl%v}' path from

» Sttt i FAUEL07 0 g ) DAL Bkon ot e

[ teri;al fromfyrther rotation i
BB U 20, 2B e AEOR B WG S arimure izes may
250 . % st as.tqe first separation of-17- pul verized _
benﬁ‘(aé% Lﬁ RHlgterthgoudRitTiaward thereby dure the aysiemnt00 to suit

housi ng 200.
the material being pulverized.

Referring to Figure 7, a cross-sectional view of the airflow generator 32 within the
housing 200 is shown. The airflow generator 32 is not necessarily coaxially aligned
within the housing 200. In one implementation, the airflow generator 32 includes a
diverter plate 250 that has a cutting edge 252 near the airflow generator 32. The
cutting edge 252 of the diverter plate 250 directs pulverized material into the
housing outlet 202. The diverter plate 250 is coupled to the interior of the housing

200 and may be coupled to the interior of the housing outlet 202.

The diverter plate 250 prevents pulverized material from further rotation within the

housing 200. As such, the diverter plate 250 serves as the first separation of
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Subsequent separation of pulverized material fromair
is perfornmed by the cyclonelld4. f pulverized materials
W@embsiom4ss to rotate within the housing 200 t hePCT/ZA2004/000126
pul verized materials may build up and eventually
obstruct the airflow generator 32. The cutting edge
252 varies the airflow vol ure-igroceedi ng t hrough the
housi ng 200. The position of the diverter plate 250
pusTizag aaiteraldiare airdhaheontinsiesde rofate witbin thechauming 200.
between it and the airflow generator 32. Adjustnent
Suseduent sgparatibndefpriivérirgdanatenial fratesir & Sedisinigd by the
processed or to mani pulate airflow vol unme. Adjustnent

cyBdhede 4¢ OlﬂbUR)e!riQﬁd bYatbRgIsCMtihae o FRaRSHRhiNhMHdUSing 200 the

communi cates with an el ectronmechani cal or pneumatic
i [ h j t e_. i.n
PGS IrRiedRE il by b ¥l enRlel Dretln hiaiiv pBferator 32
the airfl pw eratog, 32.. Referring to Fjgure 8, .
The sulinged4ensd Vaiiesing Aifiqimplipe Hiacedintibeainthg hepsing 200.
throat resizer 300 is shown. The throat resizer 300 is
a renovabl e conponent that, when inserted, nests
wthin the throat 28. The throat resizer 300 reduces

Thenpositiba of ithe diliesies péate @60trhay berazfinstaBleandncrease aseiecrease the
the air velocity. Variance of the throat dianeter is

gdebeiwezh idapearnbe riflow ddreramt eRi djastthdr eng\ebe réguired
dehydration and particle reduction. Thus, although the

d?”ééﬁdi@"’oﬁ e rrﬁi‘étlgfiaﬁzoélﬁ% F)F;cﬁ({éésé@ %ﬁ% hdri¥tiatd aiirﬁov%/ volume.

urther desirable to ma ate throat diameter o

A8 S SR A B B B i odmuncates

resizer 300 nests. A crown penber 306 is coupled to

withh S et aR AR AU e 45 AT HROVIRG 41 Berter plate 250.
surface of the converging portion 26. The throat

Thegutiing esige 252 has a bevel that accommodates the shape of the airflow

generator 32.

Referring to Figure 8, a cross-sectional view of a venturi 18 with an accompanying
throat resizer 300 is shown. The throat resizer 300 is a removable component that,
when inserted, nests within the throat 28. The throat resizer 300 reduces the
effective diameter of the throat 28 and increases the air velocity. Variance of the
throat diameter is required depending on the material and the desired dehydration
and particle reduction. Thus, although the airflow generator 32 may vary the airflow,

it is further desirable to manipulate throat diameter of venturi 18.

The throat 28 may be configured with a ledge 302 upon which a collar 304 of the

throat resizer 300 nests. A crown member 306 is coupled to the collar 304 and
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i ncludes a sleeve 308 that conforns to the interior

surface of the throat 28 and extends within a major
w@orosioensef the venturi throat |ength to resizeCT/B82004/000126

venturi 18. Referring to Figure 9, a system400 is

shown that incorporates two pul verizing stages 402,

404. Each tinme material passesl8hrough a venturi 18,

pul veri zation occurs, noisture is extracted, and
cpaformsite the inietieoosuréagsuektheAonterging podiqrr 26 dhelthroat resizer 300

this process may be repeatedly perforned with a single
inctudas a sizevei30s that toploem¥aothe irfedd surfamy ofthethtddt 28 and

the desired amobunt of water is extracted and desired

eRIePdY &ithinh éfmélﬁr pokidy Sﬁtheﬂ@rﬁuﬂ?flﬂ@%%n?ﬁiét@%size the venturi 18.

conti nued until nearly 100 percent wate Xtraction 1s

achi eved. Al though two pul verizing stages are shown
with the system 400, it will be appreciated that a

syst.em i n¢l ude thre four, fjve, or nore stages. . .
RGPS IGHIP o A SYSig nelRys Shown thag ingdracrates MiaBuNverizing

reviously described with reference to Figures 4 and
stagesiidZ i4i6§t Eashviégne Malgriet pagsesdhrough ayesturh#s Hupysization
22, bl ender 102, conveyance device 104, flow control

ogallng embixay revie rexinaictedl ,andoperticlg rdduétivn beaursaiAd dispussed
generator 32 within), and an exhaust pipe 12. The

PRGSO, 4R8 preveddinidydie fdpddistity pefforned QuitH Q'siﬁgzéé V&nturi 18 or with
in

405 in the exhaust pipe to regulate airfl ow

n%d'l'l‘?pl@ "\/@Hjcd??ésﬂ Eﬁ FOQCH SN thd BEsi?é@ SRk EP Wa%ed’ﬁ'gté%rrggtr%d and

0O a cycl one to separate the processed pro

e aj SV 40Q fyrther includes a second ..
abir T hlocbh SRS aflea, s PileesRind(Bp sBri558ngi peary 100
firs& cycl one 14. The second cycl one 406 further
PSSR extactipgis AERIGNEE) particles and delivers
the-19- purified air to a condenser 130. A first tank
132 is in communication with the second

Although two pulverizing stages are shown with the system 400, it will be
appreciated that a system may include three, four, five, or more stages. The first
pulverizing stage 402 is similar to that previously described with reference to Figures
4 and 5. The first pulverizing stage 402 includes the hopper 22, blender 102,
conveyance device 104, flow control valve 106, venturi 18, housing 35 (with an
airflow generator 32 within), and an exhaust pipe 112. The system 400 may further

include a flow control valve 405 in the exhaust pipe 112 to regulate airflow.

As in the previous embodiments, the exhaust pipe 112 couples to a cyclone 114 to
separate the processed product from the air. The system 400 further includes a
second cyclone 406 to receive air from the outlet 122 of the first cyclone 114. The

second cyclone 406 further separates air from residual particles and delivers the



10

15

20

cyclone 406 to receive condensed liquid fromthe
condenser 130. An outlet 134 provides an exit for air
w@awsiomgsé rom t he condenser 130 and the secondPCl/zAz00¢/000126
406. A residual hopper 408 is positioned to receive
residual particles fromthe second cycl one 406.
Particles separated by the fi+l®% cyclone 4 are
delivered to a hopper 410 using any nunber of
pwifisgeall toagondeosern ik sAifitst tadki$2gs aivcomnmunicatiorgtvith the second
not shown, particles fromboth the first and second
cyjaieAes td deceiibcomderizeddiriuid foatitHeocdritn@epn80. An outlet 134
The hopper 4 receives the particles that then undergo

proRiesesPagdt fl#'a\h%éﬁii@fréﬁﬁ% c?d}ﬂ:}enEEWQ@%‘Pﬁrthéjs%goPH é:tyclone 406.

delivers the particles to a second Inlet tube 41

A S EHP S8k R S RBRAT bei o3 e B i eoons

4}6 arﬁ | ocated on the second venturi 414 and are in
OYHANE #P@al communi cation with the central processor

10. The flow valves 416 function simlar to those

previ ously described and referenced as . The second

venturi 414 communi cates with a second airfl ow
Pgdiclasazaparaiedtbystheviit cytland b4 iang délideredte askeompet 410 using any

ai rfl ow generator generates a high speed airfl ow

nifbetghcéiveniienaluethdigfies Thauging Yravifio UsikELighlSot shown, particles
coupl es to a second exhaust pipe 420 that delivers air

fréﬁ‘ldod%ﬁQﬁ@ﬁﬁ%n@%&bh@'c&h%n@stﬂuﬂ Qogyrﬁé;%% oﬂa:figﬁree {1 the hopper

second exhaust pipe 420 1s inclined at’ an an

i egs to_ .approximately, 90 degrees
APEPTREHERDEH 1 To AT B BB, B4 PR inteson B S885ne
venturi 414, second flow control valve 424 is within
pfiigndeg siRpecddthutbe BopECHS00 ds gl anr ies kg AresAnd miet tube
wWthin. As with the first flow control valve 404, the
4 theids eoupled doarssicond|veaturi 414 as with the first pulverizing stage 402.

One or more flow control valves 416 are located on the second venturi 414 and are
in electrical communication with the central processor 110. The flow valves 416

function similar to those previously described and referenced as 111.

The second venturi 414 communicates with a second airflow generator (not shown)
in a housing 418. The second airflow generator generates a high speed airflow
through the venturi 414. The second housing 418 couples to a second exhaust pipe
420 that delivers air and processed material to a third cyclone 422. The second
exhaust pipe 420 is inclined at an angle of approximately 25 degrees to
approximately 90 degrees relative to the longitudinal axis of the second venturi 414.

A second flow control valve 424 is within the second exhaust pipe 420 to regulate



424 is in electrical conmunication with the centra
processor 0 for regulation. The third cycl one 422
wWGaepanatses the particles fromthe air and del i RET/ZAZ004/000126
product that is delivered to another conveyance device
425. A fourth cyclone 426 receives air fromthe third
cyclone 422 and further purifids the air and renpves
residual particles. Residual particles fromthe fourth
aiciad evithind 28s avith thegvst flexd contral vades 404) thecgmend4REv control valve
The fourth cyclone 426 delivers air to a second
429 liensiectriéacoiuBicatinarwitts tHeORKIR G PPodaYser 3 1 b'fGlUife@ulatlon
and received by a second tank 432. An outlet 434
couples to the second condenser 430 to allow air to
exit. The system 400 further includes a heat generator
rOVI heat t.hr h the inlet, tubes 412
TiRaideliflc 18320t Pehatiates B tneo%'wf;a%%e"vers a product that
terials. The addition of heat is nat uired f
'S\r%“é!?re&ior RANBhCANBYRECREIeN|CP 442 0 eu'fth gt/ﬁ'@f‘e 428 receives air
increase the rate of drying. The heat generator 436
5 fremythedhird syelane 422t and fisthespoeifies 226 aik3mdoiemaves resisiual particles.
inlet tubes 12, 412. The heat generator 436 nay al so
Rbeiduakpatticles fedrmitha foumtn pyclohd 40Bearstdepokiied n a residual hopper
illustrated in Figures , 2, 4 and 5. n Figure , the

4@8aWh@Q‘BGﬂHW&Ioﬁ@@Z@déIWeﬁ@W aCidofB c¥nldBnaer 436 Where vapor is
heat control val ve 440 to deliver heat to the first

%?dé’%ﬁeldéé ﬁlflrlgna{r@)tage%%ﬁ}ea‘:@ﬂé %hoﬁ@lt%rﬁ(alﬁ'éf A‘Tﬁ 6LRIet 484 couples

W pr ocesso
AI ternatively, the heat

eqgul te t,he he ver
toctg'ﬁt nggapdenser ‘%QI %@h dP&¥thanual I'y. " The heat
generator 436 is further in communication with a
second heat control valve 442 that regul ates heat flow
to hopper 438. Heating material during the second
10  Thelsystenz 400 f@thersnalyded Gvuheatyganerates 4861 erodge Meiahthrough the
on the material or the application. f heating
inlet tubes 12, 412 and the venturis 18, 414 and assist in drying materials. The
addition of heat is not required for water extraction and is merely used to further
increase the rate of drying. The heat generator 436 may communicate with the
hoppers 22, 438 or with the inlet tubes 12, 412. The heat generator 436 may also

15 be used in a similar manner in the structures illustrated in Figures 1, 2, 4 and 5.

In Figure 9, the heat generator 436 is in communication with a first heat control valve
440 to deliver heat to the first hopper 22. The first heat control valve 440 is in
electrical communication with the central processor 110 to regulate the heat delivery.
Alternatively, the heat control valve 440 may be operated manually. The heat

20 generator 436 is further in communication with a second heat control valve 442 that

regulates heat flow to hopper 438. Heating material during the second pulverizing



is required, the hopper 438 receives particles from
the first cyclone 114. Ot herw se, the material nay
W@aws/ 044356 he hopper 410 as illustrated in Fi guPE€T/2A200600126
system 400 may i nclude one or nore pul verizing stages
for further dehydration and particle reduction. The
conveyance device 425 may feeelback into the bl ender
102 or the hopper 22 for further cycling of product
stagedtithmeldepdesieabile dapesdiagemn thedmatdial ofthe spplvadion. If heating
and fourth cycl ones 406, 426 provide further
isrequred athiedoppler 438. redeives (pairicléd fbht il f8scydiéne 114. Otherwise,
condensers 130, 430 nmay be renoved or another type of
tHe RRtdRMmaPpasPidihe ofperad otad iLfhtedls F*@f‘r@ 9
Referring to Figure an alternative enbodi nent of a
pul veri zation and noi sture extraction system450 is
shown. The system 450 is simlar to that of Figures 4

nd 5 an urther includes a second. cyclone 406 in _
TRB SR 40b ShAchidens oF Sore NS gIStages dar fyiider dehydration
hopper 408 to collect particles fromthe second
5  apgepsice mrBictignc dierriseyapoe ideviserdrminestfeen back intottbe blender
second cycl one 406, a tank 132 in communication with

10 er tmblepser 23Mr farideacyding lof porad4ct doropigadhé puiverizing stages
condenser 130. The system 450 further includes a

402 v404. eThy sbeend BAd Gouh edclbRes BO6T 1P8HréNEE 8hdidurification of
The diverter valve 452 directs particles received from

o118 S VAR el 36 1 e Wrbnater e

outl et 456.

r C S_a hopper, tank, or the
Oﬁ?%é[.ﬁ%fﬂgpégg%[ﬁg’ %%% at{)@%hi%e Bg?fijl ed to a recycling
tube 460 to introduce the pulverized material through
the system 450-22- again. The recycling tube 460 is

coupled at its opposing end to the first end 14.
10 Referring to Figure 10 an alternative embodiment of a pulverization and moisture

extraction system 450 is shown. The system 450 is similar to that of Figures 4 and 5
and further includes a second cyclone 406 in communication with the first cyclone
114, a residual hopper 4'08 to collect particles from the second cyclone 406, a
condenser 130 in communication with the second cyclone 408, a tank 132 in

15 communication with the condenser 130, and an outlet 134 coupled to the condenser
130. The system 450 further includes a diverter valve 452 coupled to the first

cyclone 114.

The diverter valve 452 directs particles received from the first cyclone 114 to a first
outlet 454 or a second outlet 456. The first outlet 454 is coupled to a collector 458
20 such as a bag, hopper, tank, or the like. The second outlet 456 is coupled to a

recycling tube 460 to introduce the pulverized material through the system 450
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Al ternatively, the recycling tube 460 may direct
pul verize material into the hopper 22 or directly into

w0 b@selasgat e openi ng 20. n operation, nateri aPCT/ZA2004/000126
pul veri zed as it passes through the system 450 and is
redirected, by control of the diverter valve 452, to
pass through the system 450 aegd-n for anot her
pul veri zation event. This may be repeated as desired

agamn. | The faayaling tube 460 isssnuiplsd ahits bppesing@mddiorthetfest end 14.
by the diverter valve 452 into the collector 458.

ARefreativelyy theordeyglingetubesd6 @ rizgciras pulierias rﬁét@fnbpiﬁto the hopper 22
generator 500 is shown. Various netals are suitab

of direttheinfd ﬂfeléq%g%eé@,ﬁﬁ ogiependi ng on the materl aI
to be ‘processed. For abraSive material a harder all oy
steel may be used. As can be appreci ated by one of
skiII in the art the material selected is a baI ance

n str and anticipated wear. Casting of th
'”a?P?r gaﬁg@ﬁ‘ F 'éﬁ PelyBriFed gatnassge durough thasyFiemm #5A and is
creates wel ds of inconsistent shape due to heat
regitesiac Y mée! offfne divertenvialyge #eRatcopassoiirough uesystem 450
wi thin a housing such as that illustrated in Figure 6.
agaie favasoihgr p0Vedralieasvemarthigahiay lencepedted ashwesired until a final
ai rfl ow generator 500 and preferably conpletely

prtitict castsits twiticiaiy thiedvdigied BY Bie a%rtépvéngt45tzh|ﬁtc9meyconector 458,
egress is the housing outlet” 36. The airfl ow generator

500 may have a close clearance to the housing 200 to
generate additional friction and heat. The heat is

R?ﬁé”‘@% FRRAEIT oy geiaTt of S5 el etosai SR shgun.
VBB Mstals are 68 ap EN{0g T AEKAY PRI, depaDEEa omihe materal o

aperture 504 to receive incomng materials. The
be|prpaassed of-or mérasiyrimaipeakaiharder alloy steel may be used. As can be

appreciated by one of skill in the art, the material selected is a balance between
strength and anticipated wear. Casting of the airflow generator 500 is advantageous

as fabrication creates welds of inconsistent shape due to heat affected zones.

The airflow generator 500 is received within a housing such as that illustrated in
Figure 6. The housing 200 at least partially encircles the airflow generator 500 and
preferably completely encircles the airflow generator 500 so that the only egress is
the housing outlet 36. The airflow generator 500 may have a close clearance to the
housing 200 to generate additional friction and heat. The heat is desired to assist in
further drying materials passing through the airflow generator 500 and into the

exhaust pipe 112.
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504 is variabl e depending on the processed materi al
size and anticipated air volune. A back plate 506
w@asoalokaabe the front plate 502 and includes a PCT/ZA2004/000126
concentrically disposed shaft aperture 508. The
aperture 508 receives and | ocates the drive shaft of
t he generator 500. Alternative2dirflow generators 500
may be used with the present invention and include
The ménflanogenaraton S00snelyties afréntydlatee5 @D withedcomearitrickdly disposed
or generators with radially extendi ng bl ades al one.
inléteapeatilte Hoatte rébdivamycdminghaatdriatd. Utige BiRdrhetepof th Bput aperture
509 that are disposed concentrically around the

5096 %‘r’i@olé%peﬁaﬁgt&l fhearﬂ%rcEQ%é‘(t? 5 Srisashe éﬁ& %\in‘ﬁéilpg’éed air volume.

correspondi ng bo (not 'shown t are each secu

Ak Bt patel e Sl PR T fEEI b £ cBBEenrioany disposes
SEABhi e LR e S b o e
vary and depends, inH%art, on the material to be

gpheyeéeiseldl. Aliernative Ritdew aanearaierybaBevaybe used withsthe present
vary depending on the material to be processed. n one

ineehbadn sedtinclute gehardersbwith besing lelyapkghiatehm uplemto biades or
back plates 502, 506 to formblade fins 5 on the

g@%ér%&ér@fwﬁrﬂféﬁiélg/ éﬂ@naih?rma@wam@k pl ates 502, 506.
The bl ade fins may extend approximately 12 nm from

either the front or back plates 502, 506. The bl ade
fins 5 generate a cushion of air between the airflow

gener at or and . the interiqr of the h [ 200.. The
THE RReR s 24 BV el P e e Copetied SRt AR igposed

that may enter between the housing 500 and the airflow
cwﬁg@ ly arggnd the aperture 508. The bolt apertures 509 each receive a
correspondi(ng bolt (not shown) that are each secured to the drive shaft. The bolts

are secured to back plate 506 by nuts or other conventional devices.

A plurality of blades 510 are disposed between the front and back plates 502, 506.
The number of blades 510 may vary and depends, in part, on the material to be
processed. The thickness of the blades 510 may also vary depending on the

material to be processed.

In one embodiment, the blades 510 extend through the front and. back plates 502,
506 to form blade fins 511 on the exterior face of the front and back plates 502, 506.
The blade fins 511 may extend approximately 12 mm from either the front or back
plates 502, 506. The blade fins 511 generate a cushion of air between the airflow

generator 500 and the interior of the housing 200. The blade fins 511 further act to
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Referring to Figure 12, a cross-sectional view of the
aperture 508 is shown. The aperture 508 receives the

walriogp4ab@f t whi ch rotates the airfl ow gener at B€T/282004/000126
The bolt apertures 509 each receive a bolt to secure
the back plate 506. n this enbodinent, the drive shaft
transitions froma first diarB4er, with bolts
extending, to a second dianmeter suitable for insertion

cléart outt ietexjzds thatend0enteTbetvioednt thepkousing S009Ging aidtciw
provide a well 515 to receive a nut that engages a

gem@hﬁorggberrlng to Figure 13, a plan view of the
interior of the airflow generator 500 is shown with a
singl e bl ade 510. The single blade 510 is shown to
illustrate the unique features of blades 5

incor ted thip the
ReBHAI R oA dee sy afactohy] Ve 1 ApRiyregoe Fighown. The
bl ade 10 extends from i.lin 512 at the
Gk BDBTeES S the IV RNaR WG bH a5 dnE 1869, oayates 590. The
| eadi ng edge 514 adj acent the aperture 508. The bl ade
bdtiapeartirea $&9 encheggeived bolbir samiradhabesk plate fgeln this
512. The wedge portion 516 has a thicker cross-section
erhbodintraahe drivesshafetramsitions froova Vicdt wiameErewite dhgdis extending, to
portion 516 provides increased resistance to wear

a ¥Eay d%n@éﬁ@&lm@% inbérfioR e tHB R kS 50§ef'lﬂ1’er bdlgapertures
to Figure 14A, a plan view illustrating the wedge

5%&5\5@%&1&0\/ ﬁ%&gﬁ 54 tr@ élvé% KAt eﬂ_ﬁﬁr‘%@é‘BﬁltOf

ge por s ai r ow vol
airfl ow 25- veI oc:| ty, and rrateri al flow rate through
the airflow generator 500. The wedge portion 516 may
be altered in the circunferential and |ongitudina
Refieriéng fohiguse 48t aPlan viewssd theliniesor af the %‘%‘%QSE?WW 500 is
and material flow rate. Casting techni ques
shown with a single blade 510. The single blade 510 Is shown to illustrate the

unique features of blades 510 incorporated within the airflow generator 500. The

remaining blades 510 are similarly configured.

The blade 510 extends from a trailing edge 512 at the perimeter 513 of the back and
front plates 502, 506 to a leading edge 514 adjacent the aperture 508. The blade
510 includes a wedge portion 516 adjacent the edge 512. The wedge portion 516
has a thicker cross-section to increase pressure and airflow volume. The wedge
portion 516 provides increased resistance to wear which is advantageous with some

materials.

Referring to Figure 14A, a plan view illustrating the wedge portion 516 in greater

detail is shown. The shape of the wedge portion 516 affects airflow volume, airflow
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advant ageously all ow vari ance in three dinensions and

al l ows any nunber of circunferential and |ongitudina
w@e@siokass i n t he wedge portion 516. The i ncr eaBEWZA2004/000126

t hi ckness of the wedge portion 516 enhances the life

of the airflow generator 500 as this is where the

bl ade 510 typically experiencesg.the nost wear. The

mat eri al used and the hardness of the wedge portion

véldGityTandahageritl fiber rate trolifie theamfiowW @enefatbhsot! THe wedge
510. Referrlng to Figure 14B, an alternative

| ncﬁu 1'69191tayq;e ? é‘\%ﬁgﬁ tﬁ@&ﬁé&ﬁf&é@%%r@’@ﬁ@ %@hﬁmlﬁctlon to alter

des ceabl e wear

ner a rot in a wi se. dipectio

a fmge@m S VEbehE A% @aﬁ%a‘fﬁew r@bet{?@sﬁ%%i’échmques
materi al contact. Although thickened to increase wea
advatageorsly allaw Yasagee hviree dinsepsipgs angj allows; amwa@ber of
wear than other components of the airfl ow generator
cisponfenential \angelangibudinglquntiles iBjhe eedgeipagtiomd16.

repl aceabl e wear tip 520, replacenent of the entire
airflow generator 500 is deferred. The repl aceabl e

wear tip 520 is secured to the remai nder of the wedge

Tﬁ@"ﬁdr@ﬁs&iﬂm&ﬁﬁ@éé%f tﬁ@%véﬂb‘é‘é}ﬁbrﬁ@ﬁ%‘%@ﬂwa@@éé ¢Se life of the airflow

i ncluding a securing nut and bolt 522. The repl aceabl e

g%\ﬁ%lténr Oébro5§$ tl’ﬁgYs glﬂegee{%t @lﬁk}%t@r@:{gﬁ e%E erﬁet}FCes the most wear.
TBS alelialiuser A HES bﬁfderﬁsmﬂfﬁ@ S e %%Wmay 412 e o

| ongi t udi naI profl | e. yet another enbodi ment, the
thenemainggragleth gd@lad@rﬁtms i s replaceabl e. - 26- Referring

to Figure 15A, a perspective view of the airflow

generator 500 is shown illustrating the wedge portion

516 and the front and back plates 502, 506. The bl ade
Referring to Figure 14B, an alternative embodiment of a wedge portion 518 is shown
which includes a replaceable wear tip 520. With the airflow generator 500 rotating in
a clockwise direction, the replaceable wear tip 520 is subject to the most material
contact. Although thickened to increase wear resistance, the wedge portion 518 is
subject to more wear than other components of the airflow generator 500 and may
wear out sooner. By replacing the replaceable wear tip 520, replacement of the
entire airflow generator 500 is deferred. The replaceable wear tip 520 is secured to
the remainder of the wedge portion 518 through any known fastening device
including a securing nut and bolt 522. The replaceable wear tip 520 may be a
material harder than the remainder of the blade 510. The replaceable wear tip 520
may also be replaced with a replaceable wear tip 520 having a different

circumferential and longitudinal profile. In yet another embodiment, the entire

wedge portion 518 is replaceable.



10

15

20

fins 5 are further shown extending fromthe exterior
surface of the front and back plates 502, 506. As

W@ h@do444h1e wedge portion 516 is substantial | ypeTizakimu/000126
than the corresponding blade fins 5 . The blade fins 5
are not subject to the sane wear as the wedge portion
516 and are not as thick. Refegring to Figure 15B
perspective view of the airflow generator 500 is shown

Réfférhnifb Eldues N8, weperBpastiveBiéw oF thé airfieddfeneesaior 800 i |s shown

516 he wedge portlon 516 increases in thickness and

iIIP%‘trr]Qﬂli i na%&gé Féh.oﬂfﬂ LRd ﬂﬁfrﬁ?teéﬁ@ﬁ%k tp”at%gg)oz 506. The blade

ectl on rom ront

L THEA R W e ‘?ngle?ﬁé#gféhgfﬁ’rﬁﬁs%m

perineter. Pulverized material ent g into
platas pody R AabbPWEotheWedge P@Htﬂ?éh\%{/é iSoS%Rséa'ﬂﬁﬂ'%(ttB'Cker than the
proximate to the back plate 506. The | ongitudinall
comespsasingblabiedlsest! . ehbe biatdpelingal ¥ ere neti suijeet icahetsame wear
remai n centered between the front and back plates 502,

adS8e wetibe portians 46 endudratriot@sahickg t he back plate 506.
Casting techni ques enabl e production of such a wedge
portion 516 as three dinensional variation is
possi bl e. The repl aceable wear tip 520 may include and

RERGHAG 16 Rk 8BE 4 BEtadhvg @@weﬁtwa.mwgeﬁagtﬂi 500 is shown

e por sha e |1s desire

pl aceabl e wear t 520 L.on
w;tﬁ Eqrﬂat?\qu@pﬁgl ergrrof& Eéfjg:?r@q{ggﬂg Ud"'he we)ége portion 516
| ongi tudinally increasing thickness may be used. Thu
insreases ip daickpgss and Iy cissuraiereitial eROTilRESHE exigRDE i éhee@ngltudmal
| ongi tudi nally by using wedge portions 516 of
diledtfcer feom the feuniipdate f0240 thadalckpdatelrihal he wedge portion 516 also
configurations.-27- Referring again to Figure 13, the

ineradkesTA Ghick s 4s Arsadridenadidgbivaads PRy peider] ar

Pulverized material entering into the airflow generator 500 has a tendency to
accumulate proximate to the back plate 506. The longitudinally increasing thickness
encourages pulverized material o remain centered between the front-and back
plates 502, 506 rather than accumulating along the back plate 506. Casting
techniques enable production of such a wedge portion 516 as three dimensional
variation is possible. The replaceable wear tip 520 may include and define the
longitudinally increasing thickness. If another wedge portion 516 shape is desired
another replaceable wear tip 520 without a longitudinally increasing thickness or a
more pronounced longitudinally increasing thickness may be used. Thus, pulverized
material flow direction may be manipulated longitudinally by using wedge portions

516 of different circumferential and longitudinal configurations.
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to the back plate 506 to an angl ed position. The bl ade
510 transitions as it proceeds fromthe wedge portion

WG 1®5001486 | ocation prior to the | eadi ng edge 5BAT/ZARI®4/000126
angl ed position causes the blade 510 to pitch into the
direction of the airflow In the illustrated
enbodi nent, a trailing portion7s24 of the bl ade 510,
i ncludi ng the wedge portion 516, extends perpendi cul ar

REfarfing RgalaekFiglas €3 Sthe. bidde 5t 0atdrisitngdrdrh enpddtoiérpendicular
be approximately one fourth to one half of the bl ade

toothe @éckﬁﬂ%e%@@?o ar %gg?gogqgﬁﬁéﬁ.loﬁhé gadd 846 &ﬁ%sg%giass it proceeds

512 to the leading e eadi ng portion
he,.r [ i of the bl ad f
eI PR B Bt dhoR o 15 a8l Sag g4 The angled
illustrated | eadin ortion 526 has an angl ed .
PE$IHAR CAHBFS ?’%ﬁ?ge Bptermtc@un@rthso@mﬂeﬂ O(F]éfl‘%\?i'ﬂ%wt 0
the back plate 506 to an angled position. The angl ed
position has an angle that is referred to herein as
the angle of attack as it allows the |eading edge 514

Int thecillistrated enfteodimeatyi anfyading folooion 624 iof theeblad8e 310 including the
final attack angle of the blade 5 at the | eadi ng edge

wedfeiporifstP5 96| SaERYY pép iRk S SrorhtBe aRR PlateBDE. I PR &ailing
perpendi cul ar position to an angl ed position nay

OBl A GHE R (oKL Bigo 510 0 o

o R S8Far bofLihTalis srio® Beitonfip B diio Seige 41y adeading
position may have .a range of approximtely 20 tq 60

PaEiNERZS isAhe éemaining anouniof e gads ! %9“*@@&@1““9 portion 524 to
perpendicul ar along its entire length. The bl ade 510

thealpadingeedge/e14n Thadllustetediaaning pbdiog 532G hananrangled transition

| engt h. Al though-28- extending along the entire
froangiprpdrithicidagp esitibn aélathed tarine S4dK plaiab6 &s ahlamigled position.

bl ade 510

The angled position has an angle that is referred to herein as the angle of attack as
it allows the leading edge 514 to cut into the incoming airflow. In Figure 13, the final
attack angle of the blade 510 at the leading edge 514 is approximately 25 degrees.
The transition from a perpendicular position to an angled position may extend over
the entire blade 510 or any portion thereof. The angle of attack may be selected
from a broad range of angles based on anticipated airflow velocity, material flow
rate, and material. The angled position may have a range of approximately 20 to 60

degrees.

Alternatively, the blade 510 may remain perpendicular along its entire length. The

blade 510 may also have an angle of attack along its entire length. Although
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extends fromthe trailing edge 512 to the | eadi ng edge
514. Referring to Figure 16, a view of the |eading

wedys/oblds i s shown. Conventionally, an edge nmapChEA2004/000126

relatively straight and proceed at an angle relative

to the back plate 506. n the illustrated form the

| eadi ng edge 514 proceeds fromghe back plate 506 with

an outwardly curving portion 528 and then transitions
ext8h@ingralomyeiedestireMengi®0 thd AAgleusiuiadk may siill vary as the blade 510

portion 528 assists in capturing air traveling into

' it t b dii rat or 500.

ohREdH B HRRAINS B o R I P "t Tt

air. Referring to Figure 17 a cross section of the

| eadi ng edge 514 taken al ong section 17-17 is shown.

The | eading edge 514 has an oyal sha .Cross-section,,

ReIRHNG S F KIS . SN 4 tha o 539G 1411 FROD. Conventionally, an
Referring to Figure 18, a perspective view of the

edge Maywe elalival\sirgight asd sHieosedivat & angienelativerdo the draek plate
502 to illustrate the blades 510. The illustrated

5@ bdtheeititstrated does, thiereadingdsigebd D4 ptddeedgliranhéhe back plate 506
nunber is variable. Each blade 510 includes a wedge

wRR ah QRwaidly tarvimgl gefiores2 S kAR GRerh ransifibndifloted inward curve 530.
i ncrease pressure and airflow Each blade 5 further

e BN Sy AR PRMLAULS pBEEH B S o oo e
oo fF PREERE Generaler St B 10 Bbs e TBe fed is able

material into the inlet-29- aperture 504. The | eadi ng
togGlifdRtoAIR of the bl ades 510 cut into the air and

pul verized material and direct both the air and
pul verized material into flow paths .

Referring to Figure 17 a cross section of the leading edge 514 taken along section
17-17 is shown. The leading edge 514 has an oval shaped cross-section that

assists in slicing into incoming airflow.

Referring to Figure 18, a perspective view of the airflow generator 500 is shown
without the front plate 502 to illustrate the blades 510. The illustrated embodiment
includes nine blades 510 although the number is variable. Each blade 510 includes
a wedge portion 516 for added resistance to wear and to increase pressure and
airflow. Each blade 510 further transitions from a perpendicular position to an angle

of attack.

In operation, the rotating blades 510 generate a high speed airflow ranging from 350

mph or greater in the venturi and draw air and pulverized material into the inlet
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532 defined by the bl ades 510 and extending fromthe

i nput aperture 504 to the perineter 513 of the front
war@sloaake pl at es 502, 506. The wedge portions BABZA2®I000126

the air and pulverized material to the housing outl et

202 that is located within the housing 200. The

systens , 100, 400, 450 discl.gged herein may be fi xed

structures. Alternatively, a system nay be nounted

aplriuie Boar _m[;éar aﬁﬁ‘@ dgéss"&‘ﬁ" ofthefblbHES K1 0tdURiNt8 fthe @ dnd

car, boat so forth. Any vehicle that

plﬁ]é%ﬁ?gie@af%ﬁél‘ éh?l s?{ bgﬂhatﬂg OIauf 984 g[ﬂv@hzgﬁ‘%é’@rléﬂsﬁfb flow paths

emi1s advanta

5 Befiigd by Hisn b dea%ﬁ&éﬁgﬁesﬁ&ma'faﬁﬁrtﬁésﬁ' {pertii€'s04 to the

Referring to Figure 19, a nobile system 600 js

patiragies fiatafdbe rfrypné aRdRackipates S02nbBBOT he weadgeportions 516 push
conmponents previously di scussed such as the inlet tube

thé2ir ;mdlpuhnerlied netefialde the heusingrowtzt 208 dbatig Iasated within the
nntor exhaust pipe 12, and first and second

fggg 16, 406. The system 600 may i ncl ude

add| ional elenents such as the bl ender 102, centra
processor 10, condenser 130, and so forth. Systens
with a plurality of pul verization stages nay be

nount.ed o I 0
Th%évﬂgazé o1l 208 S B R Che Bl gn&%&ab %%%ﬁ e
ro ff t f
ABarostu R Susison B/ TRINSMBRICOT BrES Biigh gaasiruck,
a plurality of supports 604. The systen1600 na
trailars tadlrcarnboatd bargeh andi safosth. Amevetisle tBAEBIRY. sufficient

conmponents of the system The housing 606 prot ects the
plapapfutpiist raay beaseenHaong @ rdobilegysiper istacdvantageous in certain

applications such as agricultural harvesting, remote site treatments, demonstrations,

and so forth.

Referring to Figure 19, a mobile system 600 is diagrammatically shown. The system
600 includes components previously discussed such as the iﬁlet tube 12, venturi 18,
airflow generator 32, housing 35, motor 34, exhaust pipe 112, and first and second
cyclones 116, 406. The system 600 may include additional elements such as the
blender 102, central processor 110, condenser 130, and so forth. Systems with a

plurality of pulverization stages may be mounted on a vehicle in similar manner.

The system 600 includes a vehicle generally designated as 602 and providing a
sufficient footprint to support the assembled components. The system 600 further

includes a plurality of supports 604. The system 600 may further include a housing



One or nore conponents of the system 600 may be
renovable to facilitate transportation. For exanple,

wo b@shiaasé and second cycl ones 116, 406 may exPEn@AZIOd/000126
of the housing 606 and need to be noved during
transportation. The cyclones 16, 406 nay be renoved
entirely or partially dissenblad prior to
transportation. Simlarly a blender 102 may be

608 MRMedH R nhHsskE VRRWHeHd BN thelERtaRC TRBIHAusg 606 protects the
renovi ng conponents is based on the size of the system

[ ‘ g L constraints. The
Cﬁﬁggp%g&Gﬁyﬂgﬁéggggﬁ%g énﬁgéé'%??@, room for a user
to operate the system 600. The housing 606 may i ncl ude
wi ndows for view ng the conponents and access for
Vi ewi ng, operation, repair, and inserting material to
Ope ¥rioeEs seaponents@ffhasystembRaimay be seMayeble tofagijtate
mat eri al and extracting noisture frommterial,
transiporitationy: Forexaniplagthenfirst ahd sacged eydooes 16, 406 may extend out
communi cation with a venturi; the airfl ow generator
5 obttrehiciding 686 andridedirtd e avgled: d@ingeinangportatidnt Ohss dgclones 116,
the airflow generator; introducing the material into
4066 bk reMovad EnhAsty !oP?aHﬂﬁlg R RIrhBled (oHoP Y@ frahBSortation.
venturi to extract npbisture and pulverize the
| ah. t L.l = .
Sfmﬁﬁw ) btl%r?derql'(‘ﬁ rﬁ‘i% g%dr%g{og%bg% fﬂr]tra%régﬁﬁgﬂ@ﬁ. %@g}ecessﬂy of

passi’ng the pul'veri [ throu an exhau
regglﬁg\?inbnc%nqug]oenden é is nasaen cl)r(1e tﬁeagi Ier})q ’[F;er g{/nstésm 888,r\/ee S|c]te%02, and

other design constraints.

10 The housing 606 may accommodate a control room for a user to operate the system
600. The housing 606 may include windows for viewing the components and access

for viewing, operation, repair, and inserting material to be processed.



degrees relative to the longitudinal axis of the
venturi. 3. The nmethod of claim2 and further
W@ ovpoieseng controlling the flowrate in the erdEAs2004/000126
pi pe. 4. The nethod of claim 2, and further
conprising: passing the pulverized material fromthe
exhaust pipe to a cyclone #88dr separating pul veri zed
material fromair. 5 The nethod of claim4, and
Claim§urt her conprising passing the air fromthe first
cyclone to a second cyclone to renove residual
particles fromthe air.-32- 6. The nmethod of claim5
and, further conprising passing the air into a
C 3 . .
LR for AR MR BB BB etk rdinggerial
upstreamof the venturi. 8. The nethod of claim, and
f‘gﬂ]ﬂ%?m%orrpri sing controlling the flowrate of the
material upstreamof the venturi. 9. The nethod of
cl ai mProyjdEgkam agfiew gasyaraior in pempaaycaion vith @ yepturi;
portion, and the nmethod conprises causing a controll ed
f1 ow dheaifloncgenaratorigemedhiing gin agflpwrthiaughf thersenturi and
externally of the diverging portion. 10. A nethod for
honogebivardygthepdigffowageneeesmr i si ng: provi di ng an
airfl ow generator in communication with a venturi; the

ai 1 1 Qure8HARGHNE n2RE%AaM GeIr W Idrigwv t hrough the
venturi and towards the airflow generator;

passing the material through the venturi to extract moisture and

pulverize the material.

2. The method of claim 1 and comprising passing the pulverized material
through an exhaust pipe inclined at an angle ranging from 25 degrees to 90

degrees relative to the longitudinal axis of the venturi.

3. The method of claim 2, and further comprising controlling the flow rate in the

exhaust pipe.

4. The method of claim 2, and further comprising:
passing the pulverized material from the exhaust pipe to a cyclone for

separating pulverized material from air.

5. The method of claim 4, and further comprising passing the air from the first

cyclone to a second cyclone to remove residual particles from the air.



10.

11.

introducing first and second materials into the
airflow, and passing the first and second material s

wao boosiglasé he venturi to pul verize and honobgeni RET/ZN204/000126

materials. . The nmethod of claim, and further
conprising heating the airflow -33- 12. The net hod of
claimor and further conpr-32 ng pul verizing the first
mat eri al by passing the first material through a
venturi prior to introducing first and second
materials into the airflow 13. An apparatus for

UFﬁé/ﬁ{étﬁd)dWQf 8RS ahd qﬂﬁhé%&érﬁﬁhélﬁ@ ﬁaé*sﬁnbtth@ dif B a
mat eri al corrpr|S|ng an i1 nlet e; a vent ur i

ucﬂﬂde‘ﬁgg? c&ﬁb%ds%l\{eag)otr&?ﬁ’mdﬁ\gﬁl n ai rflow generat or

to generate an SarTY ow generator being in
communi cation with the outlet end of the venturi to
suck an ai rfI ow through the inlet tube and through the
venturl, material introduced into the airflow
pHig et "BCP# eﬁglﬁlm He apgrfttther eeraprising lgjading aiupstream of the
puI veri zation and noisture extraction. 14. The

ardurat us of claim 13, and further conprising a heat
generator in comunication with the inlet tube for

heating air flow ng towards the venturi. 15. The
appar atus of claimor 14 and includi ng an exhaust pipe

e BPcltaFﬁ ho&trtREr &%gﬁélgglc%mr@ﬁﬁﬁgmﬁ%gfow 8L f the

pl pe being inc at an an rangi ng
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The method of claim 1, wherein said venturi includes a diverging portion, and
the method comprises causing a controlled flow of air to enter the diverging

portion from externally of the diverging portion.

A method for homogenizing materials, comprising:
providing an airflow generator in communication with a venturi;
the airflow generator generating an airflow through the venturi and
towards the airflow generator;
introducing first and second materials into the airflow; and
passing the first and second materials through the venturi to pulverize

and homogenize the materials.

The method of claim 10, and further comprising heating the airflow.



12.

13.

14.

15.

16.

16. The apparatus of claim15, and further conprising
a cyclone coupled to said exhaust pipe to separate air

wo c@spuboeri zed material . -34- 17. The appar at BGT/BA2004/000126

claim 16, and further conprising a second cyclone in
conmuni cation with the first cyclone to receive air
and separate residual pargpcles. 18. The apparatus of
any one of claims to 17, and further conprising an air

fdé’ﬁ%‘fﬁc‘iﬁ bPLIayA 10 £ BRE $GHIEY éd‘r‘ﬁpﬁ%lﬁ@ paivegizirey thedirst

e venturi to permt air to fl owfromexternally
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Bpiur oy B2 it tiefy R bR R RS PRor KintibBucing frst
nmsturef m rijal, . conprising: an inlet tube; a

%%ﬁqndc%'@g?@:‘?f"g {he 3 F’ﬁP\é(t tube; and an airflow
generator to generate an airflow and including, a
front plate, an input aperture disposed within the
front plate, a back plate, and a plurality of bl ades
Al sppaextub éonvmdverdring matphaldand)extr@ctmdno@ﬁdfeffr@ﬁtmatenal

pl ates; and a housing at |east partially enconpassing

idm ﬁélhél ow generator, the housing including an outl et
In comTunl cation with the input aperture of the

airfl gtor wherein the airflow generator is in
omm%ﬁ‘vc[gg@l% With the venturi to direct the airflow

t hrough the. venturi d.t . i nput aperture,
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an airflow generator to generate an airflow, the airflow generator being
in communication with the outlet end of the venturi to suck an airflow
through the inlet tube and through the venturi, whereby material

introduced into the airflow passes through the venturi and is subject to

pulverization and moisture extraction.

The apparatus of claim 13, and further comprising a heat generator in

communication with the inlet tube for heating air flowing towards the venturi,

The apparatus of claim 13 or 14 and including an exhaust pipe connected to
the outlet of the airflow generator, said pipe being inclined at an angle ranging

from 25 degrees to 90 degrees relative to the longitudinal axis of the venturi.

The apparatus of claim 15, and further comprising a cyclone coupled to said

exhaust pipe to separate air from pulverized material.



17.

18.

19.

airfl ow passes through the venturi and is subject to

pul veri zation and noi sture extraction.-35- 20. The
wappanatsees of claim 19, wherein each bl ade i ncPees2@4/000126

wedge portion di sposed proxinmate to a perineter of the

front and back plates, the wedge portion having a

t hi ckness greater than theyg-enai nder of the

correspondi ng blade. 2 . The apparatus of claim 20,

WhS' £igarSRs b vRABel ) aird fRifthieh ebRTtFRIg & sbborsk Bpsionasn
it eXxtends longitudinally fromthe front plate to the
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cl ai m 20, wherein each wedge portion includes a

P@E‘W%ﬁ:l e wear tip. 23. The apparatus of claim 20,

wherei n each wedge portion is renpovable to all ow

repl acenent. 24. The apparatus of claim?20, wherein

each bl ade transitions froma position perpendicul ar

fitvet dyparattis oflcanyeonenofaeiainme I B te d 7pesd fudheneorpEsing fdeair
proceeds to the input aperture. 25. The apparatus of

§lodi cBrafbl valverdisposdicomtiad divefging @ortiur oftbe veodur tapermit air
of the blade is approximately 20 to 60 degrees froma

RO Fibbv ﬁ&n%&?é}ﬁﬁﬁ} Sf‘ih%rve\t/\rhﬁuﬁ heohafk dRerdifg pdftionThe

apparat us claim 19, erein each blade includes a
| eadi ng edge-36- proxinmate to the input aperture and a
trailing edge proximate to a perineter of

An apparatus for pulverizing material and extracting moisture from material,
comprising:
an inlet tube;
a venturi coupled to the inlet tube; and
an airflow generator to generate an airflow and including, a front plate,
an input aperture disposed within the front plate, a back plate, and a
plurality of blades disposed between and coupled to the back and front
plates; and
a housing at least partially encompassing the airflow generator, the
housing including an outlet in communication with the input aperture of
the airflow generator, wherein the airflow generator is in
communication with the venturi to direct the airflow through the venturi,
and toward the input aperture, wherein material introduced into the
airflow passes through the venturi and is subject to pulverization and

moisture extraction.



20.

21.

22.

23.

24.

25.

26.

the front and back plates, the | eading edge havi ng an
outward curve portion proximate to the back plate and

W@eoosiwese curve portion proximte to the froneCplazm4/000126

27. The apparatus of claim26, wherein the | eading
edge includes an oval shaped cross-section. 28. The
apparatus of claimfurther-3gonprising a plurality of
fins disposed on an exterior surface f the front plate

arkk hpgamxdekohtiaing 192@heldif caRRdIadd hcide® &wady8. portion
wherei n the housing further includes a diverter plate
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0 et and havi edge proxinate to th
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ttﬂe interior of the housing to vary the distance from
tHedeyut ti ng edge end to the airflow generator.

The apparatus of claim 20, wherein each wedge portion increases in
thickness as it extends longitudinally from the front plate to the back plate to

control the direction of a longitudinal material flow in the airflow.

The apparatus of claim 20, wherein each wedge portion includes a removable

wear tip.

The apparatus of claim 20, wherein each wedge portion is removable to allow

replacement.

The apparatus of claim 20, wherein each blade transitions from a position
perpendicular to the back plate to an inclined position as the blade proceeds

to the input aperture.
The apparatus of claim 24, wherein the angle of the inclined position of the
blade is approximately 20 to 60 degrees from a position perpendicular to the

back plate.

The apparatus of claim 19, wherein each blade includes a leading edge



27.

28.

29.

30.
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-36-
proximate to the input aperture and a trailing edge proximate to a perimeter of
the front and back plates, the leading edge having an outward curve portion
proximate to the back plate and an inward curve portion proximate to the front

plate.

The apparatus of claim 26, wherein the leading edge includes an oval shaped

cross-section.

The apparatus of claim 19 further comprising a plurality of fins disposed on an

exterior surface of the front plate and the back plate.

The apparatus of claim 19, wherein the housing further includes a diverter
plate coupled to the interior of the housing proximate to the outlet and having

a cutting edge proximate to the airflow generator.

The apparatus of claim 29, wherein the diverter plate is adjustably coupled to
the interior of the housing to vary the distance from the cutting edge end to

the airfiow generator.



