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WD 2005/ 044456 PCT/ ZA2004/ 000126 SYSTEM AND METHOD OF
PULVERI ZI NG AND EXTRACTI NG MO STURE Technical Field

wo Migofugsent .invention relates to techni ques gcarza2004/000126
processing materials to pulverize and 5 extract
noi sture Background of the Invention Nunmerous
i ndustries require the |abour intensive task of
reducing nmaterials to snaller particles and even to a
fine powder. For exanple, the utility industry
requires coal to be reduced from nuggets to powder

- before bei gy $TEMANDMETHMOD IOF $2N8/ERIZANG ANIACES.
Li mest one, chal k and many othér m nerals nust also,

for most uses, be pqewcasT ykgrm Breaking up

solids and grindi ng‘%’@‘m‘r—n{hg@g%—rs a

mechani cal |l y demandi ng process. Ball mlls, hamrer

mlls, and other nechanical structures inmpact on, and

rysh, .tge pi eces of material. These systens,

Ii‘%ﬂﬂ%ﬁé@!‘—functi onal, are inefficient and relatively

slow in processing. 15 Nunmerous industries further
The pgsentinvenbon relatestto dechnigués tonmosesiing majetialk to pulverize and

mat eri al s. Food processing, sewage waste treatnent,
extracbmdistuseesti ng, mning, and nany other industries

require noisture extraction. In sonme industries

materials are discarded because noisture extraction

cannot be perforned efficiently. These sane

' [ could be efficiently dried, would
EEE%?#%&%RHQhBIBVé foh commercial ?0 benefit. In other
i ndust

N R s R e BA58S st

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

requires coal to be reduced from nuggets o 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 rcrush, 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 exiraction. 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 commercial

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




extraction is an ongoi ng concern and trenmendous demand
exists for inproved nethods. Al though several
Woitﬁ%ﬂﬁwes exi st for dehydrating materials, gdiez&obHo00126
I ncreasing need for inproved noisture extraction
effl ciency. Thus, it would be an advancenent in the
art to provide nore efficientoprocesses for 5
pul veri zing materials and extracting noisture from

extrEtiRh iglap or%dﬁ EG@SeHIh GaSrahBnd oS abavnd &Xivls $bdihifi8ved
herein. Brie scription of the Drawi ngs Figure 1'is

d ]
ey A R Bl =
inofgebiie naed Ay 151' VLo PR aTeR ks tre.

venturi receives material; Figure 4 is a side view
illustrating an enbodi ment of a pul veri zi ng syst em of
the present invention; Figure 5 is a plan view of the

Thys liineould g as psivencerheRl igihe att tolfroFidgunerebetfisiest processes for
perspective viewillustrating an air generator housing

5 puleedizioy materiakesid eéxttating nbigtire frorh Sndtedsles SuRRCELRRQues are
vi ew of one enbodi ment of an air generator housing;

dlsé_lbgé’(ﬁ%n% dléln%ooﬁéreﬁmeCt' onal view of a venturi and a
hroat resizer; 20 Figure 9 is a diagrammtic
p| ctorial viewillustrating the conponents of an
alternative enbodi nent of a pulverizing system Figure

. is a.diagr atic pictorial viewillustrating
ﬁ%&mﬂ@&@dﬁ%&w@g&m 2005/ 044456 PCT/ ZA2004/ 000126

Figure 1 is a side view illustrating a materiails 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;
Figuré 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 ilustrating the components of an
alternative embodiment of a pulverizing system;

Figure 10 is a diagrammatic pictorial view illustrating another embodiment of




-3 a pulverizing systemof the present invention,
Figure 11 is a perspective view of one enbodi nent of

woabosilddsk ow generator suitable for use with gep¥si@oo12e
of the present invention; Figure 12 is a
cross-sectional view of a portion of the airflow
generator of 5 Figure 11; Fi.gure 13 is a plan view of
an interior portion of the airflow generator of Figure

a fullyerfzinggy spstédrofl the prodent inbaicdf a trailing edge of a
bl ade of the airflow generator of Figure 11; 10

CF)'f g gﬁg{hrréﬁla 5% SerBbadtive \ﬂ% ddémeo%lngjﬁamﬁtv SAHIEB erator

ailing edge of a e alrflow
f o Fj wlagure 15A i.S a perspective
su@?@%f@# Béée %Pt"’{. %%P]“t]fﬁ%gé’?‘?ﬁ?r&w\é%ﬂlé’i‘ator of Figure
11; _Figqure .15B is a perspective view of a portion of
an’ EIG4lP 12 5 AecrennSaPIRI Vi of 8 hartien pf invaigiave gaperator of
.of Figure 11; Figure 16 is a side view of a bl ade of
5 Figui@ 145 f1 ow generator of Figure 11; Figure 17 is a
cross-sectional view of the blade of Figure 16 on the
| i nkigLite 13 is af pl&i gieveoflsn iffegor poRni of the pRfIGWRINeYStor of Figure
view of a portion of the airflow generator of Figure

1120 11; and Figure 19 is a side view of a further
enbodi nent of the pul verizing systemof the present

| NVERIUFOM4A is a plan view of a trailing edge of a blade of the airflow generator
of Figure 11;
10 Figure 14B is a plan Viéw 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 F igure
11;
Figure 15B is a perspective view of a portion of an alternative embodiment of
15 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
20 11; and
Figure 19 is a side view of a further embodiment of the pulverizing system of

the present invention.

Detajled Description of Preferred Embodiments
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Det ai | ed Description of Preferred Enbodi nents WO

2005/ 044456 PCT/ ZA2004/ 000126 -4 Referring to Figures
woﬂooflf)‘ﬂal% of the drawi ngs, a pulverizer 10 forpcT/ZA2604/600126

pul verizing and extracting noisture i s shown which

includes an inlet tube 12. The inlet tube 12 includes

a first end 14, communicatingdw th free space and an

opposi ng, second end 16 that couples to a venturi 18. .
Referiihg to Rigatres dbendl2 op thevddedngs) reep diveiizsrcid fop pul\@rizing and

venturi 18 in which material can accelerate to the

extFRAMGROisHELIE shywnAVvHiEh Iiuddioin fiovbeBY hif mléﬁﬁge 12

to cover the first end 14 to prevent I ntroduction o

: i 4Gyl ' ri Lnl et
inch € AHJsF 8he 12 ESmil e Pih Y5 5 Eos s 1 BopbGhSasecond end
er rt. thereof. to allow communication with the
16ﬂ%%ﬁmyg%gﬁoéﬁﬁeﬁyné&%opper 22. The hopper 22 is 10
open at its upper end 24 to receive materials. In an
alternative enbodi nent, the pulverizer 10 does not
i ncl ude a hopper 10 and nmaterial is sinply inserted
The idef tuhe 12epronigeseadrupdisiaree2d thervendlri Yain ehichknaverial can
conventional methods. The venturi 18 includes a

acoetsTaty @ the: require®NelBitg.OBMIRS (A6t $HtRvit)they bbWiscekPio cover the

The converging portion 26 progressively reduces in

firstb AR ah pfr%\gﬁttiﬁﬁ‘é%ﬁtiohr%ﬁ fbrdligat p%ﬁggeslié.ﬁa lfh% eﬁlﬂv@r{'zer.m. The

di aneter 's er than the 1 nlet vent uri

: [ t h intains a
inlef fie 52 Bnem GAES A hots Plolithz PR Mt thereof to
]the inlet tube 12. The venturi 1f8 Burtheé includes a__

alloy GIPGIUTECHION Wik MRORFRIOWSS B3 3 HOPRE 42 ble hepper 22 is
and progressively increases in dianeter in the .

oped) @fe!g& ieperaEndi24 1o meciven@atirade.giman afternativeieonbatmeny, the
be coupled to the throat 28 by casting, screw threads,

puheridey 16tdoes 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 coupies to the throat 28
and progressively increases in diameter in the direction of airflow. The diverging
poriion 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
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known nethods. As illustrated, the converging portion
26 rmy be | onger in WO 2005/ 044456 PCT/ ZA2004/ 000126
WO ﬁ pgi tudinal length than the diverging pegtiARi@Ebo0126
e venturl 18 is in conmunication with an airflow
generator 32 that creates an airflow flowing fromthe
first end 14, through the inlst tube 12, through the
venturi 18, and to the airflow generator 32. The
Ionﬁ;ﬁﬁcﬁﬁéﬁlén&ﬂl thbf tHeRNARE irfidh 89 may range 5 from 350
h to supersonic. The airflow velocity w Il be
greater in the venturi 18 than in the inlet tube 12.
The airfl ow generator 32 is driven by a drive notor

e notor. 34 driyes a _dr f 3., Th
The UGN GtS T8 CoBRBETIsa o IHE SroaEiow SEDaTaRs? ?w&*’egfes an
depends on the material to be treated, material fl|ow
airfioat Bowingdram the dirstgnsk 4t tbroughiibesnieh §iben! adhr%gjbﬂﬁe venturi 18,

pul verizer 10 may be used at a mnunici pal waste
angtootbessifloyy fanetatory3hEhe aslowity oithe gengated airftlew may range
may be used to process sewage waste on board an ocean

fromeﬁﬁhwphﬁbas@elrédmw gRBelidbar veldoitynwillidegreate intiad venturi 18
radially extending bl ades that are rotated by the

rate a high speed airflow. The airflow
thaﬁzﬁiﬁ%ﬁ@?ﬂtg?ge]@ 15 di sposed within a housing 35 that

|ncludes an air and materials outlet 36. The housing
35 couples with the venturi 18 and has a housing input
aperture (not shaown |1 ows,co tion

The BirlRE JaREatPE REP idn!%n E diivs m%%%u?b? %FH% mRfs Bhglrives a
35. The bl ades define radially extending flow

driysasteaft;38. The powerwitichselertegadbesmptortifecanuanyandsderands on
its periphery to allow pulverized material and air to

theaxsateriaDreba Greatduh dhaterinl Bidw aateaiantlladflogeyerertitor ddPensions. A
suitable for use with the present invention is

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
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
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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described in further detail belowin reference to

Figures 11 to 18. WD 2005/ 044456 PCT/ ZA2004/ 000126 -6
wo PalsRif4sf0 now to Figure 3, this illustrates ppeyaddHiooizes

of the venturi 18 during a pulverization event. In

operation, material 38 is introduced into the inlet

tube 12. The naterial 38 naygbe a solid or a

sem -solid. The airflow generator 32 generates an air

Reférfingmow @eign: B i REStrawRk dperaitreobdrivantimas durisys
through the inlet tube 5 12 and through the venturi

pul?%gg%tgbnrt %\%r}tﬁ M %@bré‘tﬁ:n Hiifte ﬁ#ﬁé @.V}hﬁ‘&!igféd Mto the inlet tube 12.

cel erates. The materi

ThBIRARERESS e p N s SRt ?ﬁ@%?rﬁﬁ@#“eﬁ%&é‘m* 32 Generates

an i S B PRONY fﬁpm éaq%&»%h'stﬁ'rsﬁé@és“q?ﬁcﬁﬁat e ol thesiniet tube
and the nmateri al As the material 38 enters the

12@¢1d\ﬁbrcg4gh@h9metn‘tm 1 86 In tieveptprités the sirflawvelasity sulstantially

10 eventually the nmaterial 38 causes a substanti al

acceidates.olMhé matedabd® & pfopetied by ive highnspaeat &irftow &6the venturi 18.

t hrough which air can flow. A reconpression shock wave

ThéQnattehal 35ig @ﬂéu@fnﬁldiarfnéf&nthémrf@amm@rl d:am@t@f d?qwe infet tube 12
shock wave 42 builds up ahead of the naterial

an%eééﬁae%ﬂ&smbﬁ i g mrd e Q)f e gﬁét %Ehlzt %Wdo | x?@{enal 38.

els a ing s wave € ac

t hese shock waves 40, 42; 44 dlsintegrates 15 the

material 38 and results in pul veri zation and noi sture

extraction fromthe material. The uIverized mat eri al
As the @ﬁ?f'ﬂ@&emﬁ%ﬂ%c@'ﬁ‘@m@ﬁtm'oﬁ Bathe @30 Pgcomes narrower and

the airflow generator 32. The material size reduction
everipaliytheanatarial 38taauseak soslihsipniial veduction iatle area of the

di mensi ons of the pulverizer 10. By increasing the
comedrgitigtporiién 2Behesugh winich 2 ¢gaH flew] 2aiscompressipakhock wave 40

Si ze reduction increases with certain materials. Thus,
traﬂg‘%amardly 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 aciion of these shock waves 40, 42, 447disintegrates
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 materiais. Thus, the
pulverizer 10 allows the user to vary desired particle dimensions by varying the

velocity of the airfiow.

e




10

15

20

pul verizer 10 allows the user to vary. desired

particle dinmensions by varying the velocity of the
WO@bd’Sﬁdchﬁ WO 2005/ 044456 PCT/ ZA2004/ 000126 -FC'E’EEZOOMOUOIZG

system 10 has particular application’in pulverizing

solid materials into a fine dust. The system 10 has

further application in extracZing noisture from

sem -solid nmaterials such as nunicipal waste, paper

Thel sygtem 1drhaspadigular agplitativasiheuhfarizidg salid materfzds 9o a fine
forth. 5 Referring to Figures 4 and 5, an enbodi nent

dusf. Ph&¥§stem 1@@1a§ffunffﬁ§rn@5;§%§ﬂ&n ir B%@éﬁtin@%b%t@ﬁ%}ngs%hi-sond

pul verizing materia or extracting™noisture fr
rq : ' S i nel .

e el o 5 g ER LG Bkt s ls” MR by BBt ru

t age. material may include polyners that tend to
p”&hﬁ%%ﬁﬁg%m%hterial into granules. The granul es may be

oversi zed and, due to the polyners, 10 resist breaking

down into a desired powder form The presence of

polynmers is typical with nunicipal waste as pol yners

Referingriofiguresd antlibj ag esdvaioent ebd spsient 600 of Hge plsent
waste particles together. Waste is processed on a

inveatibn s Ssewi ESIUDUNEEInd ribteRldHdor bﬁ@écﬁrﬁ;l MRthdS from the
a

sem -solid. In some processes the materi may be
maﬂ@ﬁéfp?f'hg%&@ﬂe\‘n 380 iIRisAAtRE e MesSPbicfdaP9od tl’%r bIEABiN3Rkterials in

15 noisture. In the preprocessing stage, a drying

[ ' 1xed. with the raw.matertal, t
2 (0RRE5E . Ry ToF el b bOGeE RBAR Bt tardpdump the
terial. Non- neri zed roducts may be processed

AR GRBIRS oA anHiR WaY B Slersied ADAoRUe Ga thapalymers,

the bl ender 102 that blends the material with a
resigirrgpidng woum inkd a glegired mewsieh eren.ng

The presence of polymers is typical with municipal waste as polymers are introduced
during sewage treatment fo 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

moisiure,

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 blénder 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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20 agent. The drying enhanci ng agent may be sel ected
froma w de range of enhancers such as attapulgite,
WO 808k4445¢ M, and the like. The drying enhanCll‘k@ﬂﬂﬂﬁ)ﬁi/oomzﬁ
WD 2005/ 044456 PCT/ ZA2004/ 000126 -8 may al so
pul verized and dried formof the raw material . The
bl ender 102 m xes the materi-8 wth the drying
enhanci ng agent to produce an appropriate noisture
mayaise bt saapdivgrizedibad dsicddormtiof thavawntaterial Tise blender 102 mixes
transferred fromthe blender 102 to the hopper 22 by
theamatsd vith the dryiRgEfaneing&idiNgs prohdedan apphspriate ntdisture

a conveyance devi ce 104 such as a belt conveyor,

Coﬁt%h?ﬁlggi%lrp%( %rSI gxtruder or other notorized devi ces.

enbodi nent, the conveyance device
104 is an incllned track that relies on gravity to
deliver raw material to the hopper 22. The conveyance
device 104 is positioned below a flow control valve

The gaw| rpeterighisdransierred fem Bt blepdeof 02 fe thy Balrer 22y any one of

10 In an alternative enbodi nent, the hopper 22 may be
a reinibencftrodthadd imludingdhe iuse del ¢amnegdndda deviceyl Gdosudieas a belt
el ongate opening 20 of the inlet tube 12. One or nore

coPRIYRR! scréfGomaldn extriger, lop wiidtotrize8 devicels. N1A3KE NWistrated
fromthe blender 102 to the inlet tube 12. The sensor

em%%@nhénﬂ %é@gﬁﬂ'@valﬁ%ic%@id@ Wh% eﬁ?fﬂﬂlﬁé l’@EF@?ﬁéﬁ%ﬁeééﬁ gravity to

to regulate theflowrate € sensor

delg\}regg:lg\ﬁ@'ﬁa%{%i( 'W\tee]'] ?g) %gzhﬁﬁ ?&@é@ﬂ&gﬁ%}é@r%% %cgsmoned
o Ry eGP 5 SR PR

processor 110 is in communication with the flow
control valve 106 to increase or decrease the flow
rate as needed. Alternative nmethods for nonitoring
In amditeoattive ldntbaditieat, ftheWappBeZﬁmya;abe@hbenatedchnd material is
i ncl udi ng vi sual inspection

delivered directly to the elongate opening 20 of the inlet fube 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 fiow control valve
106 to increase or decrease the flow rate as needed. Alternative methods for
monitering and controlling the flow rate may also be used including visual inspection

and manual adjustment of the flow conirol valve 106.
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20 and manual adjustnent of the flow control valve
106. WD 2005/ 044456 PCT/ ZA2004/ 000126 -9 The hopper

wo23dosi@e®sves the material and delivers the rrai;@f,moog,@muﬁ

the elongate opening 20 of the inlet tube 12. The.
airflow pulls the material fromthe inlet tube 12
through the venturi 18. In th®- illustrated

enbodi ment, the first end 14 is configured as a fl ange
Thed'lcm:pw@Qgecéweﬁme mateiia@immicedelyeantrer mabtaial th¢he Blotiate

tube 12 to the dianmeter of the inlet tube. In the
opbhlﬁgsg(y of gk inpadiaent , the divergi ng section 30

couples to the housing 35 and communi cates directly

with the housing 35. The | arger dianeter of the

di verging section 30 is not necessarily the same as

that, of the,inlet tupe 12. | alternatjve )
ThemdehenlE fh?HEafﬁ”@Ef} oot fihe "% Brapob S ventsi 18, in the

nternedlar onent, 10 such as a cyllnder t ube,
!l'U§FfaFﬁdp@mb9fiir@ﬁntt ecfiabentd 4vis cantigieed ¢issa flangs to caevesge from a

nore air flow valves 111 are di sposed on the diverging
digmoeterr gneager thadh therinlet tibeatiia thendibmaiter ofdhenmlet hibe. t he

interior of the housing 35 and the airflow generator

32. In one enbodinment, two flow val ves 111 are

di sposed on the diverging portion 30. The system 100

In Wt]l@@tr@@l@ﬁ@é&?ﬂeﬁ? tﬁ@‘adnférgi‘f‘{lgl sﬁc’t’gﬁ Sblé'ougp'i_’eé’gj; %Hﬂ%c%&émg 35

or conpl etely opened. eglrse
ol ARS8 A T WL AT e

e e S TS ggm Gantemaive

with the central processor 110 for control. Al though
embpdiment ke diverging seetirn B dvay esule ta an intsrmiediary component,

scope of the invention, 20 conmputer automation greatly
sudraas la ¢ydindsr, ttlhtm,mrqﬁpﬁes,qarior 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 syétem 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.
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WO 2005/ 044456 PCT/ ZA2004/ 000126 -10 The venturi 18
provi des a point of inpact between higher velocity

wo R09641434aves and | ower velocity shock waves. pfierA2004/000126
shockwaves provide a pulverization and noisture is
extraction event within the venturi 18. In operation,
there are no visible signs oftOroi sture on the interior
of the venturi 18 or in the housing outlet 36. The

* Thewentuti & providesi & point of énpacitbdiwesn highentvetdcitglshbek efaves and

a residual anpunt may remain. The pulverization event
lowkH EReRy éﬁ@@@%végembzs%%kwg@é@brd%cfe a?ﬁﬁ,@rizﬁﬁ&ﬁ ghd moisture
work has shown that certain materials having a
t [ ..are.
oA ortii 5L 8L RBAPR DS oo
event ction d

0 atio T s
mOtSﬂlge bR &%V%f&fags@ordﬂdﬁ%ﬁ%m 383 6™ amount of
ul verization events. Separating water fromthe
rerpEovRd ds aubsippiial alfiistichaa residual amouri amtamaial The
dehydratl on and greatly reducing the nunber of
pulyerizatigs myenhusther eedutes thesité ohmiateriglar Expeatimental work has
application in processing mnunicipal waste. The

showrethat cetsinnairiels Baving endibftér i(B0 remh @Rt the venturi 18
agent provides a waste material that is readily

areﬁé&ﬁ@e%ﬁ%da 'ﬁﬁemﬁvo%\f%% Htnetet of 80heh it yRg Ip R/%ﬁ‘lzgnhc?n event.

pul verizing a 15 noisture extraction pro

S AR P N

cond,.sour ce t hogen reduction is .

PU“F%IZ?PBP é’V@Qé'r SRYRLGH VST 'anactg ”EL’E‘%@E‘E@!’OUS applications

Anal ytical data fromtreating nunici pal waste shows
suchrag Matpsiap ek dnetipnanct greatie rediaing the nirsbenpbpathpgers.

total colifrom faecal coliform escherichia coli, and

ot her pat hogens.
The present invention has particular application in processing municipal waste. The
preprocessing step 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
moisture extraction process greatly reduces the amount of illness 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.

The present invention has specific application in exiracting 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,




20 The present invention has specific application in

extracting noisture fromfruit and vegetable
woBhRAMEsss. | n one application, the system 100pgp¥abR4/000126

used to dehydrate fruit and vegetabl e products such

as apples, oranges, carrots, nectarines, peaches, WO

2005/ 044456 PCT/ ZA2004/ 0001261111 nel ons, tomat oes,

and so forth. Extracted noisture, which is relatively

meélans {tafmatoddandhs foethd ePgestisd thaisediwiieH i felafRty danitary, may
a pure juice product. In another application, the

be' dbHRiRhsel aﬁﬁ%e@@;l R td Brol%ﬂpro ??gﬂléjgﬁj&a JefiCt water

from certain tura su S ‘banana
stal k, palmtrees, -sugar canes, rhubarb, 5 and so
forth. In pulverizing banana stal k fibers, the fibers
are separ te . hoi sture i s extracted.

d a
In RRPHIE APPNcios) ﬂ?ﬁ‘em\fﬁﬂtao'amassw HaRd R aehl@am mn&ﬁjﬁrqch@later from
airflow generator 32 and exit through the housing
cegain agridgural peodiinis prigh asthasmnaatall, palopireds sugar canes, rhubarb,
exhaust pipe 112 which delivers the material to a
5 andyad fonth. 1t puhverizingt sanzala statk fibars sigpditalrs ans séfarkled and
di aneter size of the exhaust pipe 112 influences the

m@sRrndts Oftralted ng that occurs in the pipe 112. High
air volune is required for further drying of

materials. In the exhaust pipe 112, the faster noving
air in the exhaust pipe 112 passes the material and

rempyves, noisture remai ning on th terial. .The air

T BB e Shler i 87 SRt Bihoeris w&@?ﬁe’fﬁaiqﬁgwmaror 32 and
re separated fromthe solid material. 15 A

exthrouBh 15e NEHSIBY SNtIet 36 ol edkoUrind oWl SGissioutpied fp an exhaust
drying the material. In addition to pulverization,

pipeoi 42 whichodelivies ﬂiiermat&rjaj;m]ercarcmnemm@nawal dechair separation,
The di nensions between the housing 35 and the airfl ow
generator 32 are such that during rotation the
friction generates heat. The heat exits through the
housi ng outl et 36 and

10 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 bipe 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.

16 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




exhaust pipe 112 and further dehydrates the nmateri al
as the material travels to the WO 2005/ 044456

WO 6‘5'[44;&%004/ 000126 -12- cyclone 114. The gempemraae0h4/000126
eat may al so be sufficient partially to sterilize the
material in certain applications. The dianeter of the
housi ng outl et 36 may be inet2ased or decreased to
adjust the resistance and the anmount of heat

cyclonevidldi, nthe benagied heahmayidisp betsufficictt padially &xbiuitize the
pi pe 112. The di ameter of the exhaust pipe 112 and the

matBAYShNG R bg?h@aﬁ,ongffects the renmoval of noisture on
pul veri zed naterial. Adjusting the outlet diameter is
further discussed bel ow. Heavier materials with |ess
wat er, such as rock materials, require | ess noisture

L e T s U

|l ess drying is required. Conse entl¥ with wette
resigigneeiagidsthetansoweafi hﬁ?t Javeing h%@o‘é&hgl%'ﬂeb?'%@nd
112 dianeters may be decreased to increase the anount

5 exhafistgipe dri@. hee diamatehdiihe axthaupt pipert iehiydithe housingoutlet 36
the material. The angle of inclination of the exhaust

effeBisiBeriémhaoiell af moistie dpulveriged weiteahl. axdjasialy theeoutlst diameter
venturi 18 and airflow generator 32 also effects

,SfLE@{réyqlrsqus dgb%li Wrmance. The exhaust pipe angle to

zonta e approximately 25 degrees to
apprOX|nater 90 degrees in order to enhance noisture
extraction. Material traveling upward is held back by

ravit er air is less restric b '
ot dnalerBwihdesh wateh, SRS SO BReY Bl Tedld Srieod malpture
and i ncrease noi sture renoval. The angle may be
extraction. With such materials, the housmg outlet 36 and exhaust pipe 112
10 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 angie of inclination of the exhaust pipe 112 relative to the longitudinal axis of the
15  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

20  adjusted fo increase or decrease the effect on moisture extraction.
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20 adjusted to increase or decrease the effect on
noi sture extraction. WO 2005/ 044456 PCT/ ZA2004/ 000126

wo 20b3044k5 Cyclone 114 is a well known appar atpsr/7£4004/000126
separating particles froman airflow The cyclone 114

typically includes a settling chanber in the formof a
vertical cylinder 116. Cyclgges can be enbodied wth
a tangential inlet, axial inlet, peripheral

ThélbpEiBAE 994 i85 WEIl RXbEH aé'ra_éﬁshag @5t sepafatig paivledFom an airflow.
particles enter the 5 cylinder 116 through an inl et

1+Dmil . e

The k1P 1A e AT inkRidsSh Saetitie I RS FOFREP oo al

di,a r fo,decrease until,. fh s reverses, on.itse|f
YA T YRl Re ek BMbisiech i) BroSHAl g A Aget,

are centrifuged toward the interior wall and
peripheraldisehasge; aean exial figshatgarehite arfew apg) particleg enter the

particles flow down in a gas boundary | ayer to a cone
cyliagex 11@ 4hrohghent inkef 116 ancespin st hatogied astthewdjiiloanpeticeeds down

| ock 126 and into a collection hopper 128. In certain

theayihdsel 1®NA, cdritesentiphernOléhigmthé wottbr diametande dacrease until
condenser 130 to receive the airflow fromthe cycl one

the bt relBREBH ﬁé’?fgﬁcl}gﬁmmﬁ 16118 HPBGlet 122 PBrticles are

rflowinto a ich 1s then deposited in a
t.ank : - he..
corssh 3ol o ) UG By IEHECHIA3 et otpe
colfPd el RN SSRGS Hhorbdls t gre try
by an alternative treatnment device such as a charcoal
arefdiseharged thieeighiareair oskdeisand brio ercallertien hagpear 128.
depend on the material and application. The outl et

134 may include or couple to a filter (not shown) to
filter out residue, particles, vapor, etc. 20 Passing

In dEMaff bpbliddtioPkedthd Sirstanistomina Quinkier inblugletd 8®sdanddr 130 to
further dehydrate
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 aliemative ‘creatz;nent 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, eic.

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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material and will further reduce particle size. In

muni ci pal waste applications, nultiple cycles through
wobtb@ gyt em 100 may be required to achi eve t hgopesrdnethoi2e

WD 2005/ 044456 PCT/ ZA2004/ 000126 -14 dehydrati on

results. The present invention contenplates the use of

multiple systens 100 in seriigs to provide nultiple

venturis 18 and multiple pulverization ,events. Thus,

delydrhafich eestifie! erHdwReaht MvbhtidH @oﬁ%mpﬁéfésm@ us8 cF eftigsle
achi eves the desired resul ts. Alternatively, material

sy<fe TP GERERTE oge PRIARERERL 14 2 TnROR SRS ERon
v, RS 2 stk ”?y@%@hﬁ% tn‘%‘él%fa%aﬁvy?%a 53 SRR be o

the size of the powder granules and/or the noisture
deii@%'@wﬁﬁemtﬁfnthsiy, prajatirlmay peProeesissh and fepracersed by the

val ue for size and/ or water percentage the product is
sardersystesal 100 runiig theotdesitad particlesjze asd ginyridsstiba@cpievedct

nmeets the desired 10 paraneters. The system 100 al |l ows

honogeni zation of different materials. In operation

different materials enter the inlet tube 12 together,

In &ﬁ@lrﬁﬁlgﬁ‘%‘iﬁﬁﬂ:ﬂ ko V&h!ﬁrﬁtﬁpﬁb@ﬂbﬂfsbu ? i TG s}é’f&ﬁrﬂm is analyzed

pul veri zation. The resulting product 1s bl ended an

fo tlﬁléricgﬂﬂﬁlré' tﬁ%g %Sof’\fﬁl Ipo erk@éﬁlﬁgll C%ﬁ%ﬁk%%ﬁg&ré age, ifthe

Si ze parti'cu ron o e pr sen

prosiich s dp megt iR tfﬂ@W?@"ngﬁﬁfZ%dZ@&weéi??@%?mﬁﬂe product
t he conbi ned and hom)genl zed waste and coal produ
is direotrdthrowgl opeAr Mereraiclassnit Hiepwdyst Masts tirdesirg

rates for creating steamin an electrical generation
pananzeters. The waste is used for energy production rather

than for routine disposal.
The system 100 allows homogenization of different materials. In operation diiferent
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 exiraction, the combined and
homogenized waste and coal product is used in a coal burner to achieve optimum
buming rates for creating steam in an electrical generation plan"t. The waste is used

for energy production rather than for routine disposal.

It desired, the material may be mixed in the blender 102 prior to pulverization or at




10

15

20

20 If desired, the material may be m xed in the
bl ender 102 prior to pulverization or at WO

wo 20RRLPA#456 PCT/ ZA2004/ 000126 - 15 an i nt er ngef,aL R104/000126

stage between pul verization events. Mxing materials

may enhance honogeni zation with certain materials. If

desired, the material nmay be.fgxed in the blender 102

prior to pulverization or at an internediate stage
anlirtarmediziolsiaid Beiveen pulv@iietion o WAte " Mlisy RIREHAE hdYy enhance

a preprocessing stage may be cycled through nmultiple -
hoRtH iz foRdyitd BG4 | ‘ ixed i

hor%?(‘eni zat i one&?PW%%Fl%f gfgégf%%ﬁﬁ%@% cpep%lcnélggg& mixed in the

o080 Yk BTSRRI o puveraon

ul veri zing stages the second material may be bl ended
eV%F@h the processed naterial in a preprocessing stage
The first and second naterials are 10 then passed
t hrough one or nore pul verizing stages to produce a
honogeni zed, final product. As an additional exanple,

Maderfials Sendeceini sapreprycassirlestageang beyeledrblolgih mulle
stages. After the third pulverizing stage, a second

pulBtigihgaltagdy tdisrobldenede ddsReatHiho 'enriT%eg/ﬁo%. bA %Fﬁ%atgﬁgi may be

Before m Xing, the second materia have passe

r - f | ' ' . .
pracBs8e iubh nATbRRUBER sBSS Hrlrel iRriirjzeg yith a second
n terials may then pass together.through one or .
malgia AT ERD BT Po P B SeCRIECmetHs SYiEe Plaided with the
desired noisture content, size, and honogeni zation for
Prqqer&ﬁ%& maierialia a mepesesaipor gage gdhe fast angheeeqrstmaierials are
view i s shown of a housing 200 that includes a.
then passed through one or more pulverizing stages to produce a homogenized,

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 togsther 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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20 housing outlet 202. The housi ng 200 enconpasses the
operational conponents of the airflow generator 32.
wo 20080394451 ng 200 is shown wWith a cut-away sewgraniHeyiifize
005/ 044456 PCT/ ZA2004/ 000126 -16 illustrate the
airflow generator 32 within. In order to provide
variance in the output flowl8a restrictor 204 may be
i ntroduced into the housing outlet 202. The restrictor
llusttteithe eerdlewyareeatoe S2atithine I orddreo profilewadadcairsthe output
i ncreases heat. Varying the anount of resistance and

flovii 4 FasdMetbr 208 PeRAPBa intRitucRe AR Bk rﬂiustr%;GB@tléirzwzeS“ﬁﬁéi restrictor
5 The restrictor 204 includes a neck t o nest

204"4%&533‘1@8389[%#%9%%85 % aﬁ'l?]d?l"é‘o lfﬁ[%%é£%§ ﬁgét Varying the

aperture restrlc or aperture

am ST R8T & gﬁh\??%ﬁér'?%%%é’%atph@gh°”Eqrﬁlﬂ5qﬁ%processed

circular, or have another suitable shape. The neck
206 provi des a converging flow path from a
Cross-section approximating that of the outlet 202 to
The mestfictaa P04 inclgdesea thieck 266 tbinesl Withirsthel lusingipellet2G2 and a
208. A nunber of restrictors 204 with varying aperture

restrict@rsap@ture 298aViid rstictboapamiel 8 Bad Beress-padtidr 188s than
and thereby tune the system 100 to suit the materi al

thab8f e Hls\Ry bagst: Z@fﬁrréétﬂgtotr %Ipfértgkg 808 ’ma; be rectangu]ar circular,

cross-sectional view of th ow gener

or H’?—ﬁ\}ehérgi fa?ne %‘I‘ébﬂ?p@oghé%e%ﬂ% O§Qﬁ§$le§£éﬂ¥é%lgg floyg.path from

gener I's not neceSsari 'y
the housin

one i tatiqgn, the
a C@Sﬁfﬁe&wamr%*@%@a?hﬂaf[fh%guyeﬂ%iFE e el giosssgection of the
that has a cutting edge 252 near the airflow generator
resigiztorprertuse 208n g\ Buger s restrictnes A04 vitharangnaapertsee sizes may
directs pulverized material into the housing outl et
be a@dlabkhto ciangrulae the augpBFDw and thertby tire tHeesyisberari0d) to suit
of the housing 200 and nmay be coupled to the interior

the Ghatiehial being iputvepitbtiet 202.

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 fhe
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

ik
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20 The diverter plate 250 prevents pulverized nateri al
fromfurther rotation within the housing 200. As

wobIaedshe diverter plate 250 serves as the fpeEBiza2004/000126
separation of WD 2005/ 044456 PCT/ ZA2004/ 000126 -17

pul veri zed material fromair that continues to rotate
wi t hin the housing 200. Subsgguent separation of
pul veri zed material fromair is perforned by the

pulvgfked elatérial frémpil ek baeshUBRHBrbRItS wWHATH iHeUSodsing 200.
rotate within the housing 200 the pul verized

SRR S RATcH b AV AR BN O B AhEhed Bidne
jIf vol u aceedi ng through the. housing.20
ovcie Bk bR D TielaroB stk 3o 2958 Wi B Hotking 200 the
ad[uiiable.to I ncrease or decrease the ?ap bet ween it
pulyptizechBaierzls iy BHI HP gndsveniglyRsivet eyaiplow generator 32.
required depending on the materials being processed
The ﬁuﬁiﬁigﬁﬂﬂ%)@gatvari% ili¢ airiow voline praticedingethrougty tHeehousing 200.
controlled by the central processor 110 which
communi cates 10 with an el ectromechani cal or pneunatic
device for noving the diverter plate 250. The cutting

5 ' t i
Th?%&@!tl&ﬁ%fﬁﬁé v R Ylatk P30 rﬁ%g;ﬁg'rﬁr?#@étﬁﬁle tBﬁnér%%Q%d? éjecrease the

e airflow generator 32. rrng to Fgure
o2 BERTEER o e AHEY GRndhattf 220 ieSiohlih e remvites
el 8463 o PR oS TS SRR Y e Al Ehmo
resizer 300 reduces the effective dianeter of the
Adiugtraant may hedconitdlleddystherrentiat prosessen 110 whidhaersmemicates
the throat dianeter is required depending on the

withranealecirorardhamiealdegpeethatenyelice faymovng tipadivieciee plate 250.
reduction. Thus, although the airflow generator 32 nay

The auitinghsig 252 bus a hdvel thdtbckbeimstefbs ¢ Shdpe of the airflow
mani pul ate throat dianmeter of venturi 18.

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 nesis. A crown member 308 is coupled to the collar 304 and
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20 The throat 28 may be configured with a | edge 302
upon which a collar 304 of the throat resizer 300

Woﬂﬁg $ras® crown nenber 306 is coupled to the walzanodidbize

WO 2005/ 044456 PCT/ ZA2004/ 000126 conforms to the
|nter| or surface of the converging portion 26. The
throat resizer 300 includes-g8-sl eeve 308 that
-conforns to the interior surface of the throat 28 and

cofpetBds the tﬂﬂéfbraamc@roﬂlﬁétcbﬁﬂe@ngRbGrEWFEBJrThé tHireat resizer 300
l ength to resize the venturi eferring to Figure

B YL N e MRS e 20 on
th h t {
< BRRE I RS0y PatEEAY tedepul Pl BRMR raRER RS venturi 18,
As di scussed preV|oust, this process may be

repeatedly performed with a single venturi 18 or with
multiple venturis 18 in series until the desired

‘Referongto Miguwat a systemt4tikisstonmdhatissormaiaimsdacpulegerizing

is achieved. This process may be continued until

stagead0p, 408. Eacheaime matedbepaspekihciughna ventaei 85 \petlerization
Al t hough two pul veri zing stages are shown with the

ocAUS! RIBAMS isidxiractdd, *é‘ﬁd 58 Tb@h &b SHurd AXSiSETIsIBY

I ncl ude three, four, or nore stages. The first

preg}éa tﬁlgrigo%sasgﬁxfagr ich Cez)e%géqy g%ﬁégnéﬂ%th 05 gi\ﬁ' %@éﬁ‘(uri 18 or with
first Ive sta i.nc udes

mSeRtingste fesedisn/ B vie deste apent Of W@(oﬁ?’d%ﬁ%‘&%‘?’fed and
val ve 106, venturl 18, housing 35 (with an_airfl

degjearbpeadyict sizevs aﬁhlﬁyedaﬁ@rwmﬁﬁamy b pentinyed tmfé nearly 100
system 400 may further include a flow control valve

pert@hi watdrtextmchanss aphipeed.12 to regulate airflow As in
t he previous enbodi nents, the exhaust pipe 112 couples

to a cyclone 114 to separate the processed product
fromthe air. The system 400 further includes a 20

Altlj)?ﬁ@ﬂ 9‘;’?”?@@%@% & %Pé?lﬁgn Hith the QYsiehe 4801 i Gl B2
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 conirol 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
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second cycl one 406 further separates air from residual
particles and delivers the WO 2005/ 044456

wo B§okfedf)3904/ 000126 _19_ purified air to a CopdnRsRba00012e
130. Afirst tank 132 is in conmunication with the

second cyclone 406 to receive condensed liquid from
t he condenser 130. An outlet.q334 provides an exit for
air passing fromthe condenser 130 and the second

pufisd 8¢ 4tndefssreriEUAlf-HARARM 3208 i SoMARifitARROWIR the second
receive residual particles fromthe second 5 cycl one
[ : irst 1
cyclie 40816 reidive RERRIRG RN i e StndBNELP 0 1 A Qlifet 134

I vered opper

conventional techniques incl udi rayity. t hough
profBEEHb AR Ror i Fnt FomBieisdenng! 140 eh shn se@edaycione 406

cyclones 114, 406 nmay be delivered to the hopper 410.
A repiduabborper 408 is ositipasd ta seprive residdalneasticles diom the second

undergo the second 10 pul verizing stage 404. The
cydiappd06410 delivers the particles to a second inlet

tube 412 that is coupled to a second venturi 414 as

with the first pulverizing stage 402. One or nore

fl ow control valves 416 are |ocated on the second

PalfRlB Sdn b AE st NP eI STHdAer Wb lsing any
j i . i | i hed .and .
nurpHPE b fihuohdriebb0SS il 314k, LSl o hown, partcies
| cat ith a second airfl ener at or ot
frorRAIFNS fietandsisdRg CHeBnes d4s B8 roabr HelvPiye forthe dopper
enerates a high speed airflow through the venturi
41G,12he TiappeBédA docrives e Perticies iribenandessa tedsecond
exhaust pipe 420 that delivers air and processed

pulvertizng atageod@d.t Tihe Qoppet 4H@ déiviers The padintewiio & xbaetvsd inlet tube
pi pe 420 is inclined at an angle of approxi mately 25

4128 e 8olSled %o aRRCONH VBhRIrY4 PP a8 aHERS firel Rl TR G st 402.
| ongi tudi nal axis of the second venturi 414.

One or more flow control valves 416 are located on the second venturi 414 and are

in electrical communication with the cenfral 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 fo a third cyclone 422, The second
exhaust pipe 420 is inclined at an angle of approximately 25 degrees fo
approximately 80 degrees relative {o the longitudinal axis of the second venturi 414.

A second flow control valve 424 is within the second exhaust pipe 420 to regulate
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A second flow control valve 424 is within the second
exhaust pipe 420 to regul ate WO 2005/ 044456

WO 2 g};{& 004/ 000126 -20 airflow within. As WpidzihB§4/000126
I'rTst Tlow control valve 404, the second flow control

valve 424 is in electrical conmunication with the
central processor 110 for rggy_l ation. The third
cyclone 422 separates the particles fromthe air and

a8 UMBRS A3 irtl‘? i rﬂ E@G\! cdrirof 9%!% R O s &M EEw control valve

conveyance eV|ce our cl bne 426 receives

oAb ST BB AU AR T S8R b 44 .

particles fromthe fourth cyclone 426 are deposited in
a residual hopper 428. The fourth cycl one 426
delivers air to a second condenser 430 where vapor is
Thecthird eysteei 4% 2saparatas thegradticles &ione thebgir and elebverstaproduct that
432. An outlet 434 couples to the second condenser

is d4Bferea télahoikericonteyaoe devi€e 408, gyfoluetin cl@briewd2thmsceives air
i ncl udes a heat generator 436 to provide heat through

frorh e tHnrH ﬁ‘clér\tb»@ﬂ 4Ad fﬂ&ﬁe@;ﬁhﬁ’nﬂéﬁh&%ﬂ Hid ferh8vedretidiid particles.

assi st drying materials. The addition of heat is
iy [
o lal AR bR et A G BEIA ISt f efRehopper
4265 SHhestouin ¢ w%f%éggl?%%'séi"ﬁ%za“sé&@%wﬁqﬁ% 430%ere vapor is
generator 436 may al so 15 be used in a sim]ar

confianséa inde ruisuid aad ireeeived By eoseaend tgok d$21 Af}zouﬂﬁ’fdﬁﬁ couples
5. In Figure 9, the heat generator 436 is in

to th@anmﬁutabhd&nsﬂrﬂl@@atofd[lnmaihtcaex'ltontroI valve . 440 to
deliver heat to the first hopper 22. The first heat
control valve 440 is in electrical conmunication wth
the central processor 110 to regul ate the heat

Thef§ldt r%WOOf hte‘?‘ir{l%d Yxezﬁ Sn r £5EHd SlovitR) et 4ddugh the
B0 00 STy

manua eat 20 generator 436 is

mle{ﬁ{t e éﬂlzh gl \?e"’}%thﬁgﬁﬁ 3,5]4 AR i 8Rfing MRt Ris. 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

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 heét 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 fo regulate the heat delivery.
Alternatively, the heat control vaive 440 may be operated manually. The heat
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
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regul ates heat flow to hopper 438. Heating materi al
during the second pul verizing WO 2005/ 044456

WO Tobsi044£5004/ 000126 - 21 stage 404 may be desipt@izia2004/000126
gepen Ing on the material or the application. If

heating is required, the hopper 438 receives
particles fromthe first cychone 114. Ot herw se, the
mat erial nay pass to the hopper 410 as illustrated in

stafié 204 8ndy béRRsH¥BleedB MY InERYN tRE hitderians the agpﬁ@ation. If heating
pul veri zing stages for further dehydration and

. 1icl ' ] 1 s f .
s RO e MRHCL 28 e e S B S R s 4. SBhervise,
furth | i f d h h the. pul L Zi
e 8 et e RoPUE s H ELh2S ,
426 provide further purification of air. In certain
appl i cations the condensers 130, 430 may be renoved or
anot her type of treatnent apparatus, such as a

Thd sydtem 4B:mayddciudié oRef ermorgpulvefziggstade® fan further dehydration
al ternative enbodi nent of a pulverization and noi sture

andepantialt iedBcHyS! FThe4bveparideoadvicd BR5 sysy) faudisdtl iaito the blender
simlar to that of Figures 4 and 5 and further

107 R 22 B B YO Bl PR e B kg stages
I e | C sec 4 e
40% S0ente S54s®) 8 R bt A0 R RV E B eE purgseion of
) 106, a tank 132 in 15 comuni %lg with the condenser
air. 5 GertaARRIcaHPNS e SondRTREre AoDe N DAY RRIERERYSY shgnother type
The system 450 further includes a diverter valve 452
of ieaslipiest appardies, fsuchtas ajilieohe Used. The diverter val ve
452 directs particles received fromthe first cyclone

114 to a first outlet 454 or a second outlet 456. The
first outlet 454 is coupled to a collector 458 20

RefeHity ﬁﬁF%uF@QO FORRSAhat P8 bobimémeofd felverdfstioresd thoisture
outlet 456 is coupled to a

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 408 to collect particles from the second cyclone 406, a

condenser 130 in communication with the second cyclone 406, a tank 132 in

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 collecior 458
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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recycling tube 460 to introduce the pul verized
materi al through the system 450 WO 2005/ 044456
wo Wedh 442004/ 000126 -22 again. The recycling fdcgbgH6Goo126
I's coupled at its opposing end to the first end 14.
Al ternatively, the recycling tube 460 may direct
pul verize material -into the bgpper 22 or directly
into the elongate opening 20. In operation, naterial

ag?ig. PHe/eicy @it fibei46PRTRPIIIAAHISI NG ¥Rl %@uﬁ@:ﬁaﬂd 14.

5 redirected, by control of the diverter v
; t ' . her
AR, RS OReLAn AU L 50 cRE Rl 80 Fopper 2
nti) .a final roduct .results which is then directed
or%@e(ft&é%@lW@r‘?lg?é)q}tglqunﬁﬁiﬁnto the col | ector 458.
Referring to Figure 11, an enbodi nent of an airfl ow
generator 500 is shown. Various netals are suitable
for the airflow generator, depending on the material
In eperaiomenpicsicdisspdvertmd abit passes trabegh e aystamd450 and is
all oy steel may be used. As can be appreciated by one

redirectekl, bly dontrohef tietdivérisr viNe1 52| togRiseahrAighStha system 450
bal ance between strength and anti ci pated wear.

agdingbi Abhtabr bﬁ@eﬁiétfdrpéw&ﬁnj@?% @%ﬂ%orég%a?é&’ é@HEQﬁé’ngﬁtg a final

as fabrication creates wel nconsi stent shape

s . The airf.lo ener L5 i S
probBelieBlis W §ueRfEriel Ll Qs adind s Prpctor 456,
15 Figure 6. The housing 200 at |east partially
encircles the airfl ow generator 500 and preferably
conpletely encircles the airfl ow generator 500 so that
Referdngin Higkie ddsan emhasimeotief amyaisliow gengeatorh0 dg shdwaw
generator 500 may have a cl ose clearance to the
Variaussinetal2 6e soitajdadorthe aididnvt gamerbidry depéndingod the ataterial to
The heat is desired to assist in further drying

be prRicess@d.s FEARBIRIE Ma althadal AlldyosteB PRl HPliseP0As can be
and into the 20 exhaust pipe 112.

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 38. 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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WD 2005/ 044456 PCT/ ZA2004/ 000126 -23 The airfl ow
generator 500 includes a front plate 502 with a

wo 50568Mq i cal |y disposed inlet aperture 504 pca/z20@ie126
incomng materials. The dianeter of the input aperture
504 is variabl e depending on the processed materi al
size and anticipated air volpge. A back plate 506
parallels the front plate 502 and includes a

The afieRtdaneratby 500 rRsRss & iohdblat@Bentwitrea 208 cerinieally disposed
aperture 508 receives and | ocates the drive shaft of

‘ inletrtr%)?/)egtg?é‘u §g§ttc\% %%@&i{gﬁéﬁbﬁé@ métgﬁaléj FieOY¥a éﬁtﬁﬁg% R &periure

i nvention and in

enerators with a single back plate. coupl . .
5048 Vot JeBacnd o Pl ararssseeiainiion s 2B i tihygd 2ir volume.
The back plate 506 may further include bolt a erturﬁ
A bsgls ptkﬁtgtﬂ%f raraflals dae front plate RBANd; ipaIlaes g i
aperture 508. The bolt apertures 509 each receive a
shafbapedpe it J Hecdpertute tb08heaaives zad lacaics o dsive shall of the
to the drive shaft. The bolts are secured to back

geridrate® 58506 Aljernative airflal generaoncsod orgl balaesed véth the present
plurality of blades 510 are di sposed between the front

invaRforPaRY iﬁl@d%éeﬁ&%tor@%th a SRy HERR bIfE cBlLipREaSoDl&es or

may vary an pends, in part,” on the material to be

S The I e bl ades 510 may al so

ge#iﬁgﬁg&ﬁt@'ﬁ%ﬁl}%l%&ﬁdé@éﬁ&ﬁa &t iod;?ﬁgo be processed. In

one enbodi nent, the blades 510 extend through the

front and back plates 502, 506 to formblade fins 511

on the exterior face of the front and back plates 502,
Theback plate 596away furthersnalude ol anenyres pPe i atare djsposed

mmfromeither the front or back 20 plates 502, 506.
condemtiidzdigearbims tHeldpgrturerzi& The behiaperiofesad09 bacheeceive a

the airflow generator 500 and the interior of the

corREsIrn 88K (Tdtehbhag endtidie dabh doeutdtbto etdrive shaft. The bolts

? disposed

are secured to back plate 508 by nuts or other conventional devices.

A plurality of blades 510 are disposed between the front and back plates 502, 508.
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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WD 2005/ 044456 PCT/ ZA2004/ 000126 -24 cl ean out
materials that nay enter between the housing 500 and
wobb@ddast | ow generator 200. Referring to Fi gpeezAZo04/800126
cross-sectional view of the aperture 508 is shown. The
aperture 508 receives the drive shaft which rotates
the airflow generator 500. Thg- 5 bolt apertures 509
each receive a bolt to secure the back plate 506. In
cleambit ERSHISEMt mapentdr ibetwsdatie hé@lﬁ% 500 theraigflow
first dianeter, wth bolts extending, to a second
' suitable for insertion into the aperture 508.
ge réelfagtgiﬁ “apertures 509 may each provide a well 515 to
receive a nut that engages a bolt. Referring to Figure
13, a plan view of the interior of the airflow
%;nerat or 500 is 10 shown with a single blade.510.
Referingtonioare 134 copss-sactionslwiewsithe @berigie oPRés shown. The
uni que features of blades 510 incorporated within the
apariuré 1508 rgeaiveathe d50® shafievhiclemipieisrtbe ifiowso®atar$00. The
simlarly configured. The bl ade 510 extends from a
bolt agerhires 5odgsadhlizcaivetdibol ¢ sagirerind backiplatbédfaclk thisd
front plates 502, 506 to a | eading edge 514 adj acent

embB§indif @fi\%@&aﬂ-rﬁﬁn@{ié\’i’sefm%ﬁa Fh didiabied ORitR boRE @Rtending, to

portion 516 adj acent the edge 512. The wedge portion

6 = ) o .
a S BB bl i OREe A h kR 508, BB s
S0%,TEH SEREPToNBect MATIS T SRNBPTIVAG 1 tRALATAGRE BBID) an
view illustrating the wedge portion 516 in greater 20
detail is shown. The shape of the wedge portion 516

affects airflow volune, airflow WO 2005/ 044456 .
Refle@THgAPBRyur®00 12 ®lan view of the interior of the airflow generator 500 is

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, 5086 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 1o 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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-25 velocity, and material flow rate through the
airflow generator 500. The wedge portion 516 may be
Wogbéz‘aﬁﬁ?gﬁ' n the circunferential and | ongitudi pgt/za2004/000126
Irection to alter F airflow volume, airflow
velocity, and material flow rate. Casting techniques
advant ageousl y al |l ow vari anc%rﬁ'_n t hree di nensi ons and
all ows any nunber of 5 circ erential and

velofRP i R T8 0 PP T A Rk 1 80, Thueooe
poliify &1 ﬁ@%eéQﬁe%éﬁlt%cggﬁnﬂ%éﬁﬁéra?%?@géntémeah@gﬁcnon to afer

wear. The material used and the hardness of the wedge
airflowniobums 1airftawy valosiy,dirid matsnal flowt tate.r Saslingltachviqudse

bl ade 510. 10 Referring to Figure 14B, an alternative
adealxagdeorsly aibwevarkoige ip tireeaimeh8ions ssldalowsidniychumber of

includes a replaceable wear tip 520. Wth the airfl ow

cirOGRRSrBhal ARPI0h8HBdiIhADpIoRiesAn The WegeD dHibs G BoN, the

replaceabl e wear tip 520 is subject 'to the nost
material contact. Although thickened to increase wear
resi stance, the vvedge porti on 518 is subject to nore
wear tha er onen of th i rflow er.at o
Thgd@crgﬁae ig;.lC @e%% §4ve ron%\] ﬁgﬁ h% Sfthe airflow
repl aceabl e wear tip 520 repl acenent of the entire

geaeratpohP@an dhistd w@o@th%b@éﬁ&wefarplcaﬂé expeyiencesihe most wear.

wear tip 520 is secured to the remainder of the wedge
Thponaiesial 64&d Bhddighasdnessriine wesigerpariorn &¢Baeay also differ from
i ncluding a securing nut and bolt 522. The repl aceabl e

tha\Rahaihder bRfhamisdbes®. materi al harder than the
remai nder of the blade 510. The repl aceable wear tip

520 20 may al so be replaced with a repl aceabl e wear
tip 520 having a different circunferential and

Relée%ﬂﬁiggg qﬂ\}\@?&eﬂ{%ﬁr{ glﬁerb%g%lee ém}%@‘é rgglétacgﬁ? 81%58 'btoméﬁ‘& 8 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.
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WO 2005/ 044456 PCT/ ZA2004/ 000126 -26 Referring to
Fi gure 15A, a perspective view of the airfl ow

woaealadspr 500 is shown illustrating the wedgerpasdoi/omize
516 and the front and back plates 502, 506. The bl ade

fins 511 are further shown extending fromthe exterior
surface of the front and backg plates 502, 506. As
shown, the wedge portion 516 I's substantially thicker

Re&%ﬁg&%?gg}rgqgo %’géggm}%l \ﬂ?ﬁegf;tgéngﬁﬁm&grggh%rgﬂtoﬂ%o is shown
B B A S M A R4, e

500 is shown with an alternative enbodi nent of
finn@dd@re duitheishore extradinadiem fe exiafios seriacs of &%‘@@nt and back

thickness and in circunferential profile as it extends
plates 602, 58 gAs stional tHdwetige poritom 51din sulmstamtially thickeethan the
502 to the back plate 506. The wedge portion 516 al so

coir@%cﬂﬁﬁ@@ biclel iHsCANMESThaldde fnd BNdsiré adt slibjgct @Waedaime wear
the perineter. Pulverized nmaterial entering into the

as%é“e@ egﬁ?‘ﬁérﬁﬁ% adGBant dstigRRency to accunul ate

e back plate 506. The |ongitudinally
| ncrea3| ng thi ckness encourages pul verized materi al
to remain centered between the front,and back 15

pl ates 502, 506 rather than_ acc at al ong t .
Re@%réuagap HPIrscoB eRpersRRptive vigw Pgﬂ]éa ﬁ%@gsnﬁﬁagwﬁfq §rshown
of such a wedge portion 516 as three di nensi onal

withaari alféroative epbediment ofthe weslgeaeerdion e afha wgdggportion 516
may i nclude and define the <l ongitudinally increasing

indréasdeiaghickhéssand frecirovrdfpenital rofile 2k6t sxiepdsiisthe longitudinal
desired another replaceable wear tip 520 without a

dirb & Frofi ﬂﬁ@lfkdhtl,:ﬂ%m RAhEMHacknRste 306. aTRO wselge portion 516 also
pronounced | ongltudlnally i ncreasi ng thickness may be

it PN B P ST AR TRl e T be
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 to 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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516 of different circunferential and |ongitudinal
configurations. WO 2005/ 044456 PCT/ ZA2004/ 000126 -27

wo RRbBidisg again to Figure 13, the bl ade 510 per/za2004/000126
transitions froma position perpendicular to the back

pl ate 506 to an angl ed position. The bl ade 510
transitions as it proceeds Hromthe wedge portion 516
to a location prior to the |éeading edge 514. The

reflhalCBIEER FRIRERANESH FrR R B bl Porponcicuer

to q%%%%ﬂﬁgttetq{% %qz&ééglggfp?c{ship?gl Zé Qf@%ﬁgﬁ%ﬁ) ﬁéggﬁor?sl gé it proceeds
_perpendi cul ar, from the back plate 506. The trailing
fromatheivwedmpportian 536 tapplosatianpapy taibe ieadingiedas e The angled
hal f of the blade 510 as the blade 510 extends from
positien taases the Hade 53020 pitch ol thadinegtieu gbthe1dirfiow.
| eadi ng 10 portion 526 is the remaining anmount of the
bl ade 510 fromthe trailing portion 524 to the
| eadi ng edge 514. The illustrated | eading portion 526

in BE3 S0 offhkh R8N = ing bBFh, P/ GEREIIHTS1 0, igiying the
osition...Jhe angl ed position h n t hS .
weflge Pt 515 ds BemBRRiculaiTiot indPadk Rlefs 598, e raiing
allows the | eading edge 514 to cut intqg.t i.ncom
pordippig2gumay @eﬁwpgn@églm@ fPiUFFQﬂOP@eQﬁi%%ﬁ?‘&rFB?@e 540 as the
the bl ade 510 at the | eading edge 514 is approximately
blags Sdéyedends fronethertzailing edae £ 8rio dhelagsinmedee &14. A leading
position to an angled position may extend over the

poitiehi 328 iblikae eerbaMiry amaynp of thedslatib &1edfom the traligigepartion 524 to
attack may be selected froma broad range of angles

th&éﬁ&ﬁg%ﬂag%@ﬂ?i PRE @fispratdd RAAWRY 96HibY 5288HR AbnfledViransition

rate, mat eri al . The angl ed position may have a

fro PR BErRHnRRRAPRS IRl etk A8 Back hIAEHIRED an angled position.

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 iength. The

blade 510 may also have an angle of attack along its entire length. Although
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Al ternatively, the blade 510 may remai n perpendi cul ar
along its entire length. The blade 510 nay al so have

woabesanglsg of attack along its entire |ength. A-+BRY 000126
l'i WO 2005/ 044456 PCT/ ZA2004/ 000126 -28

ext endi ng-al ong the entire length, the angle of attack
may still vary as the bl ade ?@ extends fromthe
trailing edge 512 to the | eading edge 514. Referring

e
SR G G

proceeds fromthe back plate 506 w th an outwardly

curving portion 528 and then transitions into an

i nward curve 530. The outwardly curving portion 528
Refersingtts Figured&, arview dithe leadiay edge iSivds shewhnlGanventionally, an

aperture 504 of the airfl ow generator 500. The | eadi ng

ed§6 uea\PB4 rslativsl@kirhRht afidahtbeed at 8Htangl Rldtive totRe back plate
eferring to Figure 17 a cross section of the | eading

50?%‘?1@&%&@&%@ f@*rﬁ,n%esl%mnglrbdsgk%w ket Wom e btaﬁ}é Plate 506

eadi ng edge 514 has an ov aped’ cross-section
.assists in slicing into. ' irflow .Referri t
wit 23] Sty Fublivd Berfraod BB i FabsuBf i Gt ffine 30
500,is shown. wthout the front plate 502 to . . )
Thequiwardy UVHY RergRS251assiatadn cRPRENE ARSI dntedhe inlet
15 includes ni ne blades 510 although the nunber is
apauica®l4 of thecairfisvagenaradon 5. udbe leadieg g9 Srldi ssnpiied is able
for added resistance to wear and to increase pressure
to amdntoagirf | ow. Each bl ade 510 further transitions from
a perpendicul ar position to an angle of attack.
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 fransitions from a perpendicular position fo 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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In operation, the rotating bl ades 510 generate a high
speed airflow ranging from 350 20 nph or greater in

wog@gmzmgg uri and draw air and pul veri zed mat qrdmom,;@mliﬁ
the inlet WD 2005/ 044456 PCT/ ZA2004/ 000126 -29

aperture 504. The | eadi ng edges 514 of the blades 510
cut into the air and pul ver%%ed materi al and direct
both the air and pul veri zed terial into fl ow paths

532 defi ned he_ bl 5 '

sperifn 04p a7 oot i SplefaecrSEISU e ﬂié‘%fr%%fﬂ
and back pl at es 502, 6, The wed [ ons P

pulTiRE TERieTih ang mlreewcztgdhmr@n%lpl%%P FRb R, ﬁ@*o e paths
outlet 202 that is located within the housing 200,

532 Tdafiregsinethe blades 600 angloextasdingifiom de inpié erAUmMH0pEo the
fixed structures. Alternatively, a system may be

perimstal 643 Wt fropt andback phited 603,.U806.akheawtdge lportions 516 push
trailer, rail car, boat, barge, and so forth. Any

the ‘éﬁ*ﬁ:ﬁi sultfeg&edpﬁ%\téﬁeﬂ% TS H&ﬁg[ﬁg Fitiel P02 innas IdRBEPWitAIN the

used. Having a nobile systemis advantageous in

hou%ﬁ{#)ﬁg@ applications such as agricultural harvesting,
'site treatnents, denonstrations, and so forth.

Referring to Figure 19, a nobile system 600 is
di agrammatically shown. The system 600 includes
conmponent s previ OUS|(¥ddI scussed such as the inlet tube

Thergystemst 181008 400,145G disclosrdJereinanay besdixedsifeichyess,

not or 34, exhaust pipe 112, and first and second
Aliaryaliwigsa digemioay b*élmosymdamﬂao@rmw veliclggeLich as a truck,
addi tional elenents such as the blender 102, central

tralllé? Q‘éﬂ 90/ bddtOpagendea serfoitB0 Argnisde tiguit grovilys teesuficient
a plurality of pulverization stages nay be

hiseh e FrhMite %}%‘E@rﬁ is adi8nt2Y8bESN certain
pla@%ﬁﬁbwlrﬁmés\f b ub PCIng’gZdnera ! esi gnat ed a?éGOZ and
e:mcﬁl ica tlons L 8K 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 804. The system 600 may further inciude a housing




20 sufficient footprint to support the assenbl ed

conponents. The system 600 further includes a
WOEde{@@zh'SSy of supports 604. The system 600 meycf#kiddSboo12e

i nclude a housing WO 2005/ 044456 PCT/ ZA2004/ 000126

-30 606 that enconpasses conponents of the system The

housi ng 606 protects the component s and danpens noi se

during operation. One or nore conponents of the system

may_ be renmmv e to . fagjli e ion,

60p S RhpTer R oAt st ofieeta, EhERBEREER 04 Brotects the

may extend oqut 5 of the housing 606 and need to be
COMBPBENERANHEaFPEAS PITREWHg oRBE@lS)c| ones 116, 406

may be renoved entirely or partially dissenbled prior

to transportation. Simlarly a blender 102 may be

renovabl e for transportation. The necessity of
Onfectyovions) cowppassistaf the shaieed 600 ntdnebs iremovhblette fagititagam

600, vehicle 602, and other design constraints. 10
tram8SofttiH. NBoibOG R, MHCHETBAQS8cond BPEIBAS 196/ 1A® Mmay extend out

user to operate the system 600. The  housi ng 606 may

o ! Y=t 20d —ace
5 of fiEhRGnd'eB R ndtd i S bt AR B THECGRpnes 116,
0 be processed. WO 2005/.044456 PCT/ ZA2004/ 000126, ..

406 42 BB ABRGVE] Snieie oh BTl C@%ﬁ%ﬂﬁ?é PRGT I apsRpTaiog-
_extracting noisture frommaterial, conprising: )

Sipilaiy aiblenpdas 192maykegemavabls far fransRatalient iTgﬁ ngcepsity of
venturi; the airflow generator generating an airfl ow

rerhbvioggionpanants tsusdseahon the size of the system 600, vehicle 602, 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 inseriing material to be processed.




towards the airflow generator; introducing the
material into the airflow and passing the material
wolZooaghset he venturi to extract noisture and ppwlz86d4%60126

the material. 2. The nethod of claim| and conprising

passing the pul verized material through an exhaust

pi pe inclined at an angl e.gqanging from 25 degrees to

90 degrees relative to the longitudinal axis of the
Clalmsventurl. 3. The nethod of claim2, and further

conprl sing controlling the flow rate in the exhaust

pi pe. 4. The nethod of claim2, and further

conpri sing: passing the pulverized material fromthe
| veri zed

R RPN P Sl SOBR B Dbl

further conprising passing the air fromthe first
EYRIPHREY 0 a second cycl one to renove residual
particles fromthe air. WO 2005/ 044456

PCT/ Zpeiding @0 Edlow @ndratditie cortrhonicafioreivithm berstad;
further conprising passing the air into a condenser

t o cotiieaisiow gensrat@ydrrating an alfloh@ra®iHee RintGh @'nﬂ‘
1, and further conprising heating air upstream of the

vent Utdwarls tﬂ@ﬁﬂ‘fﬁb'@;@ﬂe tofl @l m 1, and furt her

conprising controlli"ng the 'fl ow rate of the material

upst rﬁﬁ'@l net hod of claiml,

wher el n Sglltngtg @%ﬁ%}gH?L‘E‘ %H@sgﬁl i ng portion, and
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 o a second cyclone to remove residual particles from the air.




10.

11.

the nethod conprises causing a controlled flow of air
to enter the diverging portion fromexternally of the

wodoosRugispg portion. 10. A nmethod for honogeni g&fgazo04/000126

materials, conprising: providing an airflow generator
in conmunication with a venturi; the airflow
generator generating an aigptl ow 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

?”%Kf?%“éa? f ?al i e R A t%:a the

alr %?05/044456 PCT/ ZA2004/ 000126 -33 12. The
eBFO CPRETRSEOYaROriEed NRSTUIRt her conpri si ng

puI verizing the first material by passing the first
mat erial through a venturi prior to introducing first
and second materials into the airflow 13. An

‘Hipp arathod of olaimul, e farthgr omnprisial heading dir @edtiozgn of the
noi sture frommaterial, conprising: an inlet tube; a
weitiir i upstream of the inlet tube; and an airfl ow
generator to generate an airflow, the airflow
generator being in comunication with the outlet end
of the venturi to suck an airflow through the inlet

b d wh i_al
ki 3%%&*“9%“& RBa i RrESopadtal BBl bR coverteef the
r%g’?enla uggttr)ée?r% of the venturi.

The method of claim 1, wherein said venturi includes a diverging portion, and
the method comprises causing a controiled 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.




pul verization and noi sture extraction. 14. The
apparatus of claim 13, and further conprising a heat

WO gdRRRLAEPT i n conmunication with the inlet tpdgzAf4o001
heating air flow ng towards the venturi. 15. The %

apparatus of claim 13 or 14 and including an exhaust
pi pe connected to the oughet of the airflow generator,
said pipe being inclined at an angle ranging from 25

degrees  t [ e r.el-at : I it L ia
12 T@&ﬁ@j@@d fhsﬁg%?}aﬁ%ﬁ 7 ol bkl oo nfelfo Ol Sifst
and further copprjsing a cyclone c | . ' -
efatialby RASEEGIBoduTHmAI A ORgG A BTV PIDE PlPducinp first
1l WO 2005/ 044456 PCT/ ZA2004/000126 -34 17. The
ara:bpau:mtd.@aherlaismtmthe,alrﬁﬁ‘d-further conprising a second
cyclone in communication with the first cyclone to

receive air and separate residual particles. 18. The
apparatus of any one of clainms 13 to 17, and further

13. Ag ;a\;/sgakéthﬁ Qonaﬁn_@éﬁzin§ eWe AN iPExivadting rdoshoedtbmmatedal,

d rgi ng portlonllo the venturi to permt air to
fromexternally of the venturi into said
ngﬁ%‘@phg portion.

an inlet tube;

a venturi upstream of the inlet tube; and

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.

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

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

15.  The apparatus of claim 13 or 14 and including an exhaust pipe connected o
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.

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

exhaust pipe to separate air from pulverized material.
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17.  The apparatus of claim 16, and further comprising a second cycione in

communication with the first cyclone to receive air and separate residual

particles.

18.  The apparatus of any one of claims 13 to 17, and further comprising an air
flow control valve disposed on the diverging portion of the venturi to permit air

to flow from externally of the venturi ino said diverging portion.




