; STe3e6663<..j F6] T& $4 March 2003 ' 300002* PULVERI SER AND METHOD OF
PULVERI SI NG FI ELD OF THE | NVENTION THI S I NVENTION rel ates to pul verisers
and to a nethod of pul verising. BACKGROUND TO THE | NVENTI ONé IManchrd003
industries it is necessary to reduce pieces of material to fine powder. An
exanpl e i s Gogle/fdLch is reduced nuggets to powder befg@z 384 Our ned
in certain types of power stati on[’lﬁ"@ﬂmmﬁﬁﬂ’m ’mestone, chal k and nmany ot her’
m neral s nust al so, for nobst uses, to powder form Breaking up
of the rock and grinding it into powdé&pofas, to the best of |icant’s
know edge, heretofore mainly been carried out nechanically. a@[f}mm,wﬂmwm
hanmer m|ls and other nmechanical structures which have novi

i npact on) and hence crush, the pieces of naterial are w dely usesiedt has

al so been proposed tWL‘P'ER"%WNW%@gb Sy d/g8shieken up in a noving
airstream In prior USTSpeciTlI i mis blown at
supersoni c speed froma nozzle into a draft tube within which its speed
falls to subsonic. Particles are sucked into the draft tube through an
annul ar gap between the draft tube and the nozzle and broken up in the
draft tugﬁ-—@_@ﬁiﬂﬁéﬂ\_@tﬁgﬁ_@ﬁ speci fication 5765766 pieces to be broken up
fall into an airflow tube, are carried by 4 March 2003 WD 00l 13799 -2
PCTI ZA99/ 00074 t heTHIS INVEMTION celatedits polvedsersiaod to lzambthodand phubvedwingagai nst
an anvil which breaks up the pieces. In both these structures the pieces

are blown into the disintegration zone by air noving neans upstream of the
disintegration zone. In United States specification 3255793 air is sucked

by a centh,\idk@ng HYQHIN Ni-rllléﬁ of circular and constant cross section.
The tube—rmnn'eﬂg—mﬁ#a'msi ng in which the fan rotor turns by a
di vergi ng conical nozzle, The United States specifijcation states that the
pi eces entering th@ 'H%Q&‘”Qué'{'ﬁfsg(d%r‘aﬁ%ss@&' f%r@gf'a%f)'eﬁﬁap?mze%ﬁt‘ FO Rssure in

the nozzle is below the internal pressure of the particles.
powder. An example is coal which is reduced from nuggets to powder before being

burned in certain types of power station furnace. Limestone, chalk and many other

minerals must also, for most uses, be reduced to powder form.

Breaking up of the rock and grinding it into powder has, to the best of
Applicant's knowledge, heretofore mainly been carried out mechanically. Ball mills,
hammer mills and other mechanical structures which have moving parts that impact

on, and hence crush, the pieces of material are widely used.

It has also been proposed that pieces of material should be broken up
in a moving airstream. in prior US specification 2832454 an airstream is blown at
supersohic speed from a nozzle into a draft tube within which its speed falls to
subsonic. Particles are sucked into the draft tube through an annular gap between
the draft tube and the nozzle and broken up in the draft tube. In United States

specification 5765766 pieces to be broken up fall into an airflow tube, are carried by



The present .invention seeks to provide a new pul verises and a new net hod of
pul veri zing. BRI EF DESCRI PTI ON OF THE | NVENTI ON Accordi ng to one aspect of
the present invention there is provided a pul veri ses which coMar¢s@803an air
flow pipe including a venturi, air noving neans for inducing and air flow
through sai dyyqhies at a speed of Mach 1 or faster, an air piclRbodders2i d
pi pe upstream of sald venturi and a materials inlet to said pipe %etme
said venturi and said air inlet through which pieces of frangible naterlal
can be fed into said pipe, said air nmoping neans having a suction inlet

t hereof connected to the outlet of said venturi. Said air noving nmeans can
be a cenpé Lty tt.t%rh R iiditatid s ciSatRbeOand BloWn &{a it A amut\}aueh B?éhgfsot or

or

t her eof and |ts outlet tangential to the fan ro Mar ch 200

00/ 13799 0 C a onver gent
port 1 on 0% PAEReo JRBdn esF L BuiiERa bl iftes R ERl Mﬁﬁ?t@é Gimodtatian's

t hroat, and di,vergent portion whic '}1 i ncreases, in area fromsaid throat to
an air o@PP@?’VéWd“P%EQ a."séitBSHeBB‘r‘t bR disiplegdfationzost y both circular in
cross section. To prevent pieces of nore than a predeterm ned size reaching
said venturi, means for screening the material can be provided. The

pul veri ser can al so conprise neans for feeding said solid pieces of

material as a streminitedSatesspdtifichtion 8255282 dirapandckedbyt Heedtrif@at i on in
which they are travelling. Said means can be an inclined rotatable feed

screw f 0 ah tﬁ.-tm@ga mtrec@:sc.eegta? BnHRbRsRAS e&%sts%ﬁbw NTRe ?lgfegigbg\;v\‘(ﬂbgﬁg% events

pi eces o great than predeternined size reaching sa pi eces

bei ng di edfrom screw.so that the into said
o pe.. o LT BTy WA s S Rlrgh By SR po R e riEted

provi ded a nmet hod of pulverising frangible material in which air is sucked
t hr ough a?ﬁaﬁﬁrsppﬁr%ﬁhoﬁrﬁﬂat?ﬁ@?ﬁtttﬁ? BifsES gniaritathe nozeleexpindadie tofBevent ur i
being at a speed equal to or in excess of Mach 1, and the pieces of

mat er i al fad tihat thekir gréssace o thefrodzlieris betovetiw intefrmaimragsure of thedparticlesr i at a
poi nt between said air inlet and said venturi so that they are entrained in
the flowng to the venturi and are carried to the venturi by the flow ng
air. To achieve efficient operation wthout blocking, said pieces are 4

March 2003 WO 00J13{@8resdnfi bt d X8 14 provide a new pulveriser and a new

method of pulverizing.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the present invention there is provided a

pulveriser which comprises an air flow pipe including a venturi, air moving means for

inducing and air flow through said venturi at a speed of Mach 1 or faster, an air inlet
to said pipe upstream of said venturi and a materials inlet to said pipe between said
venturi and said air inlet through which pieces of frangible material can be fed into
said pipe, said air moving means having a suction inlet thereof connected to the
outlet of said venturi.

Said air moving means can be a centrifugal fan having its suction inlet

co-axial with a fan rotor thereof and its outlet tangential to the fan rotor.



preferably separated into a stream of pieces which reach said venturi in
succession. Said material can additionally be screened to prevent nmateri al
pi eces above a predeternined size reaching said venturi. BRAEARGAIITI ON
OF THE DRAW NGS For a better understandi ng of the present invention, and to
show how the sane_may be carried into effect, reference will_ now be made,
by way of e¥¥M¥E™% o the acconpanying drawing i n which: Fif§lieA%00E4 5 side
el evation, partly in section, of a pulveriser in accordance with the
present invention; Figure 2 is a top plan view of the pulveriser; Figure 3
is a view of the pulveriser fromone ehd; and Figure 4 illustrates, to a

| arger scale, the J of the.pulvyeriser. DETALLED. DE | PTION OF THE
DRAW NGS The pul veérjé}qgggmfgqg O%mpﬂngﬁéﬁrrogg & CQry eI PPRE’"MS‘QCGP&“ ng conpri ses
air noving neans in the formof a centrifugal fan 12 which is driven by a
mot or  149€CRRSEFINArea opsanay lekenshingrenfie said thepalyandha divergensippriigsc ur ed
to the casing 18 of the fan 12. The notor 14 is connected to a shaft 20 by
way of awbichvecrbases inareq fremssaid thraat tosarcair outlel énd theeadfngs 24 which are

t hensel ves mounted on a further bracket 26. The bracket 26 is secured to
the casing 18. The shaft 20 passes through one of the walls of the casing
18 and the rotor (not shown) of the fan 12 is carried by the part of 4

Varch 2003 V0 00! 5498onint ko hALbAbIRIchBuEF iHEbL Bedips 0asi ng 18,

PCTI ZA99100074 An airfl ow pipe i'S ‘connecte e suction inlet 30 of
the casing 18. It will be understood that the suction inlet 30 of the
centrifugal fan is co-axial with the fan's rotor and drive shaft 20, The
fan's outlet (see_Figures 2 and 3) is on the periphery of the casing 18 and
i s designated 32. Tendepepidiecesofdnergdban aorredetermimed3dzeedclipg stk secti on
34 is cylindrical in shape and the right hand end thereof, as viewed in

Fi gur es vierdund] idearcsoios sCrieahiag thé enadtefisitcandd previdiede TH8. pullisent& aise cover ed
by a filter 38. The section 34 has an el ongate opening 40 in the upper part

t her eof , cdnfisris@NABARYfot Geeding said solid pieces of material as a stream of pieces

which are spaced apart in the direction in which they are travelling.

Said means can be an inclined rotatable feed screw for lifting pieces
which have passed through a screen which prevents pieces of greater than
predetermined size reaching said screw, the pieces being discharged from the top

end of the screw so that they drop into said pipé.

According to a further aspect of the present invention there is provided
a method of pulverising frangible material in which air is sucked through an air inlet
and then through a venturi, flow through the venturi being at a speed equal to or in
excess of Mach 1, and the pieces of material to be pulverised are fed into the air
flowing t6 said venturi at a point between said air inlet and said venturi so that they
are entrained in the flowing to the venturi and are carried to the venturi by the flowing

air.

To achieve efficient operation without blocking, said pieces are



comrunicating wwth the open | ower end of a hopper 42. The hopper 42 is open
at its upper end. The inlet 30 is of the sane dianeter as the section 34.
At the left hand end of the section 34, as viewed in Figure# Mamhd20Q3 t here
is a flange 44 and at the right hand end of the section 36 there is a
flange 46. T es 44 and 46 are bolted or otherw se se t her.
The section g@i‘]’ggﬂg second fl ange 48 by neans of which theggggtg?%dr?ggG is
bolted to a flange 50 of the inlet 30. The section 36 is in the formof a
venturi. More specifically, the 4 Mugch 2003 WO 001 13799 -6

PCTI ZA991 00074 section 36 includes a tapering portion 52 which

progr eSS'spfﬁeraHSIg@_léﬁét%tédWindi aBk8M df BdsiPhith AQEH Hid Véntar &Y buddshieA!
portion 54 which is of smaller dianeter than the section 34. The portion 54
consti tut ' : ri here is a
di ver gent§%gﬁét§ﬁ8%nvﬂ§@ g}?ﬁ%%é?gg%%\y'gwglpg%re Z‘ggnggé}far{lb!#g%ép é?e%n t he
direction of air, flow. The .%ort}gfn E{Z.is | onger than the portion 56 and
hence t hePr8AgEMINEd FreciParhing sl entdrispml 1 er. Solid pieces of frangible
material are dunped into a storage hopper 58 which is open at its upper end
and closed at its Iower end. The |Iower end of the hopper is constituted by
an inclined cylindrical wall 60 co-axial with which there is an inclined
feed scr eBRIEE DESORIPEION OR FHEUDRANINGSri sing a series of parallel bars
66 prevents oversized pieces of material fromentering the feed screw 62.

The screw 62 liftsghg ekt Qn@éé%?ﬁir@gstﬁé%%eh?ﬁ%h%rﬂ and8o RABRGHow* 2

t hrough which they fall into the pipe€ he arrangenent is such that it
provi des ced, o]] of .nat er.] o,the pi.,pe 28, none
o "t ne- pi e SeMETe he TBPRL B o eRE R e w7 b Madsurl 3R i ble oy o
nmotor 68 via a transm,ssion.70, Fjgure 4 diagranmatically illustrates the
way in wHPdRe ApgAmeaning diawdie. ‘f’#’]‘ghbul veri ser operates. A solid piece of
mat erial SP which has passed between the bars 66 of the screen 64 and has
been lifted by the screw 62 into the hopper 42 falls into the pipe 28 and
is propelled along the pipe by the flowng airstream The piece of

Figure 1 is a side elevation, partly in section, of a pulveriser in accordance

with the present invention;
Figure 2 is a top plan view of the pulveriser;
Figure 3 is a view of the pulveriser from one end; and

Figure 4 illustrates, to a larger scale, the operation of the pulveriser.

DETAILED DESCRIPTION OF THE DRAWINGS

The pulveriser 10 shown in Figures 1 to 3 of the drawing comprises air
moving means in the form of a centrifugal fan 12 which is driven by a motor 14. The
motor 14 is mounted on a bracket 16 which is itself secured to the casing 18 of the
fan 12. The motor 14 is connected to a shaft 20 by way of a drive belt 22. The shaft
20 is carried by bearings 24 which are themselves mounted on a further bracket 26.
The bracket 26 is secured to the casing 18. The shaft 20 passes through one of the

walls of the casing 18 and the rotor (not shown) of the fan 12 is carried by the part of



4 March 2003 WO 00/ 13799 7 PCT/ ZA99/ 00074 nmaterial is smaller than the
section 34 and there is hence a gap between the inner surface of the
section 34 and the piece SP. As the piece SP enters the tapdMagcthpd®@3 on
52, the gap gets narrower and eventually the piece SP causes a substanti al
reduction in_the area of the portion 52 through which air c | ow. A
reconpr essi 0W0§ﬁ/6g7|%9evmve S1trails rearwardly fromthe solﬁgr’%ﬂwé@lgménd a
bow shock wave S2 builds up ahead of the solid piece. Were the portion 52
merges with the portion 54 there is a _g#anding shock wave S3. It is
believed that it is the action of these shock waves on the solid piece SP
that di sigpt eQ5@bEWHidn isﬁ!ﬁwi &ldsf y%’!i ch emerges fromthe fan is in the
formof a fine powder. e pulverises) ignoring the fan noi se, does not
make any significant noi se. Reduction of, say, a piece of coal to coal dust
is acconpani ed by a short burst of sound which Applicant believes is caused
by the disintegration of the solid piece as the shock waves inpinge on it.
The pul verises il | d8@iowdipe2§igeanectedite tae Ruetianislet 80106 hengasing hdi cal
features: Motor rating - 6 kWusing a three phase 380v power supply; Fan
rotor spdiedilHR0Mhdemstpod-drat ties suctidndniet 30 oBhensentrifegalttan &f cpaxial with &2 . . . . .

40mm Length of portion 54 ..... 70mm Length of portion 56 ..... 360mm
4 March 2893 rf6r 8R4 4AvEShatf20 DTab 380 € oligétiBES Fidifed b anas)4or gk t he hopper
42 ... .. 790mm Dianeter of section 34 ..... 160mm Di aneter of portion 54

ST 7 Agg%g@%@ Hhndkisifd ¥ 2Rk 19988ghady 320 cubic feet per minute.
The pipe 28 includes two sections 34 and 36. The section 34 is
cylindrical in shape and the right hand end thereof, as viewed in Figures 1 and 2,
constitutes the inlet to the pipe 28. The inlet is covered by a filter 38. The section
34 has an elongate opening 40 in the upper part thereof, the opening 40
communicating with the open lower end of a hopper 42. The hopper 42 is open at

its upper end.
The inlet 30 is of the same diameter as the section 34.

At the left hand end of the section 34, as viewed in Figures 1 and 2,
there is a flange 44 and at the right hand end of the section 36 there is a flange 46.
The flanges 44 and 46 are boited or otherwise secured together. The section 36
has a seéond flange 48 by means of which the section 36 is bolted to a flange 50 of

the inlet 30.

The section 36 is in the form of a venturi. More specifically, the



Test's carried out thus far on a prototype indicate that an air speed of
Mach 1 is achieved at the throat where the portions 52 and 54 nerge.
Appl i cant believes that the standing supersonic shock wave $3Wa@mg¥35&ed at
this zone, and that there is a very high pressure differential across this
shock wave. This differential plays a not insignificant part in
disintegrating to dust a piece of material passing through this shock mave
Broken gl ass, |inmestone, coal and broken bricks have been successf ul
reduced to PUMAEYR™n the pul veriser described. 4 March 266§”V£W%@Tﬁ3799
_g_ CG A M PCT/ ZA99100074 1. A pul verises which conprises an air flow pipe
including a venturi) air noving neans _for inducing an air flow through said
venturi at a speed of thh 1 or faster, an air inlet to said pipe upstream
of said ventu terials in 0,said etween said venturi and
oai d ai roacHpe bR TS moely S i RN RS 3Be® oo T e o
said pipe, said air noving neans having a suction inlet thereof connected
to the demdpe Mn%eaﬁfat%ﬁvmq"calzporhprbégm%@sofég\&!'reaﬂwtwdhen ghem 1,
characterized in that said air noving neans is a centrifugal fan having its
suct i on sedtienh 3do-Tdvei prtion 64 canstiuntes @t tbroat h Bebederatie pdriombd laat th@ngent i al

to the fan rotor. 3. A pulverises as clained in claim1, characterized in

that sai ﬂ’eﬁg%mslﬂhbreci%@dnk/é@%nﬁpéﬂﬂbﬁ% WHiCIE PRYRESKElY RRFAsRR iNBiaribtélanr eases
in area froman air inlet end thereof to said Throat, and a divergent

fﬁ;ﬁ 'eg][‘ t?@'o?%cfn&f&@él?ﬁ&v' Thé, ﬂnofnr%‘?sﬁé‘ﬁ .tHérg?He é}&rnéﬂs%'d’nd‘e%%cgttﬁat sai d

veri ses as aracteri z
portions are E Fh circul ar |n cross section. 5. A pulverises as clainmed in
clai m 1 2 PheNGRitHEPREIRSMAUR" screening the material to be pul verised to
prevent pieces of greater than a predeterm ned size reaching said venturi.
4 March 2003 WO 00l 13799 - PCTI ZA9910A074 -10 6. A pulveriser as clainmed in
claim9 and including nmeans for feeding said

Solid pieces of frangible material are dumped into a storage hopper 58

which is open at its upper end and closed at its lower end. The lower end of the
hopper is constituted by an inclined cylindrical wall 60 co-axial with which there is an
inclined feed screw 62. A screen 64 (Figure 2) comprising a series of parallel bars
66 prevents oversized pieces of material from entering the feed screw 62. The
screw 62 lifts the solid pieces and drops them into the hopper 42 through which they
fall into the pipe 28. The arrangement is such that it provides a stream of spaced
apart pieces of material to the pipe 28, none of the pieces exceeding a

predetermined size. The screw 62 is driven by a motor 68 via a transmission 70.

Figure 4 diagrammatically illustrates the way in which Applicant

believes the pulveriser operates.

A solid piece of material SP which has passed between the bars 66 of
the screen 64 and has been lifted by the screw 62 into the hopper 42 falls into the

pipe 28 and is propelled along the pipe by the flowing airstream. The piece of



solid pieces of material as a stream of pieces which are spaced apart in

the direction in which they are travelling. 7, A pulveriser as clained in
claim6) wherein said neans conprises an inclined rotatabl e4Mar¢hs2038w f or
lifting pieces which have passed through a screen which prevents pieces of

greater than erm ned size reaching said screw, the pi '
di schar ged W‘gﬁﬂ?‘s 3 top end of the screw so that they drop P:Eﬁfzg@@log“gpi pe.’
8. A nethod of pulverising frangible material in which air is sucked

through an air inlet and then throughﬁ venturi, flow through the venturi
being at a speed equal to or in excess of Mach 1, and pieces of the

t I t
poi nt ' be %Eeer%?gsz#“ YRRl ok D8 1R P ookt BB Be BRI MRS 41 3 2
1w ng BHT2CegH 6 RETROG DR b HICURPES PR AGhe PRceY PHeET HedeReiy
conpri si ng separ ating said pieces into a stream of pieces which reach said

venturi pertisnS2elsi gap gate namower Aod exenicily thedpieee SPadauses arsdbstantiali si ng
screening said material to prevent material pieces above a predeterm ned
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109%& () -#10%& ()-P(|i K-s&9! 109%& g) s$109& () - 10%& ()-s9! 10%& (%-
sM 10%& B)edmwf@aysgﬂw 9031 Wﬂ@@@'ﬁ(ﬁﬁ&owaﬁwﬂ@%@ §*)Q"§3b‘1r@/ﬁf ()-1z
109%&' ()- f/10%&' ()-s+10%& ()-(M 10%&' ()-i K@B310%&' ()-, #10%& () - @
10%& () squHD#ERh Bpp@dradeisgs- it @204€xy by tHD@Intggration of the solid piece as

the shock waves impinge on it.

The pulveriser illustrated in Figures 1 to 3 has the following technical
features:-
Motor rating - 6 kW using a three phase 380v power supply;
Fan rotor speed 5000 rpm;
Fén rotor diameter 300mm,
Length of portion 52 ..... 40mm;
Length of portion 54 ..... 70mm;

Length of portion 56 ..... 360mm;
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Diameter of section 34 ..... 160mm;
Diameter of portion 54 ..... 70mm

Rate of air flow at 56000 rpm, 50 cubic feet per minute.

Tests carried out thus far on a prototype indicate that an air speed of
Mach 1 is achieved at the throat where the portions 52 and 54 merge. Applicant
believes that the standing supersonic shock wave S3 is created at this zone, and
that there is a very high pressure differential across this shock wave. This
differential plays a not insignificant part in disintegrating to dust a piece of material

passing through this shock wave.

Broken glass, limestone, coal and broken bricks have been

successfully reduced to powder in the pulveriser described.
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faster, an air inlet to said pipe upstream of said venturi and a materials inlet to said

pipe between said venturi and said air inlet through which pieces of frangible
material can be fed into said pipe, said air moving means having a suction inlet

thereof connected to the outlet of said venturi.

2. A pulveriser as claimed in claim 1, characterized in that said air moving
means is a centrifugal fan having its suction inlet co-axial with a fan rotor thereof and

its outlet tangential to the fan rotor.

3. A pulveriser as claimed in claim 1, characterized in that said venturi
comprises a throat, a convergent portion which decreases in area from an air inlet
end thereof to said throat, and a divergent portion which increases in area from said

throat to an air outlet end thereof.

4. A pulveriser as claimed in claim 3, characterized in that said portions

are both circular in cross section.

5. A pulveriser as claimed in claim 1 and including means for screening
the material to be pulverised to prevent pieces of greater than a predetermined size

reaching said venturi.
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7. A pulveriser as claimed in claim 6, wherein said means comprises an
inclined rotatable feed screw for lifting pieces which have passed through a screen
which prevents pieces of greater than predetermined size reaching said screw, the

pieces being discharged from the top end of the screw so that they drop into said

pipe.

-8. A method of pulverising frangible material in which air is sucked
through an air inlet and then through a venturi, flow through the venturi being at a
speed equal to or in excess of Mach 1, and pieces of the material to be pulverised
are fed into the air flowing to said venturi at a point between said air inlet and said
venturi so that they are entrained in the air flowing to the venturi and are carried to
the venturi by the flowing air.

9. A method of pulverising as claimed in claim 8 and comprising

separating said pieces into a stream of pieces which reach said venturi in

succession.

10. A method as claimed in claim 9 and comprising screening said materiat

to prevent material pieces above a predetermined size reaching said venturi.



