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[ 0002] BACKGROUND [ 0003] The present invention is directed to an agitator

or nmedia g}/ ed to grind or deagglonerate a product i i medi um
using a Bﬁ}ﬁjﬂgé media and, in particular, to an inprove ‘26%?%?§§5m||
having an inproved disc arrangenent which provides an enhanced |evel of
grinding or deaggl onerating capability. [0004] Agitator mlls are used

generally to disperse solids, such as pigments, in a liquid carrier
medi um The dispersion is carried out by grinding and mxing in the
chanmber of the agitator mll, which includes an agitator shaft that is used

to rotate discs or radially extending pegs in order to de-aggregate or

de- ag ate the i j j liguid. The shaft is
gener gpﬁmm ven byﬁ“ﬁ%igylﬁemﬁkﬁgﬁm r. A grinding nedia,
such as silica or the like, is placed in the agitator mll chanber and is
used in connection with the discs or radially extendi ng pegs to disperse

t he so[bbg%] material in the |iqusdCcrRGERGUNT® grinding and m xing of the
solids and’liquid is conplete, it is necessary to separate the m xture
from t[lee0gy i ndi Mpherpebsant ianentidren dirctidtoharagétatdrer madia mid usedto ghird
mlling chanber. [0005] One such separator arrangenent is described in U S
Pat entondeagglods3agoprodustiio b caricrseedinadising a g@ng@gir@ﬁbé apd, inpertifdaient

i nvention, . and ia incorporﬁﬁed by referepge as if fully . set forth. This
pat entodgEsiRpro¥sd pgyatas mMILRRHNE PRdMAroYed disg;grranggaient &Fhlg%pf‘h\é‘dfﬁ 88ent
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refer el!f?lﬁdacﬁirfif:r fddivmseThé digpersidigs chMeddbitl by eRindiypaadahininglis thehe
disc mll and the axially extending pin mll) perform simlarly in use.
chamber of the agitator mill, which includes an agitator shaft that is used to rotate discs

or radially extending pegs in order to de-aggregate or de-agglomerate the solids to be
dispersed in the liquid. The shaft is generally driven by a mechanical device such as a
motor. A grinding media, such as silica or the like, is placed in the agitator mill chamber
and is used in connection with the discs or radially extending pegs to disperse the solid
material in the liquid. After the grinding and mixing of the solids and liquid is complete,
it is necessary to separate the mixture from the grinding media, and then to discharge the
mixture from the milling chamber.

[0005] One such separator arrangement is described in U.S. Patent No. 5,333,804,
which is assigned to the assignee of the present invention, and is incorporated by
reference as if fully set forth. This patent describes a prior known type of disc mill over
which the present invention provides improved performance. An example of a known
agitator mill utilizing axially extending pins located on the rotor which travel in spaces
between fixed pins extending inwardly into the milling chamber is shown in U.S. Patent
No. 4,620,673 which is also incorporated herein by reference as if fully set forth. The
two different types of mills (the disc mill and the axially extending pin mill) perform

similarly in use.



1 WO 01/51212 PCT/ USOL/ 00716 [0006] In prior known disc mlls, generally
C|rcygag m xi ng discs are nounted on the drive shaft. The discs may be
provi ded_w cuate slots in order to increase the ungpl p.on of the
i qui d sWBPi’QIZS%d the grinding media. It has al so been’ knpGHEsdifdotgy O 17
solid disc with radially extending bunps that extend fromthe inner
periphery of the disc to the outer periphery in order to increase punping
and the inpact force of the grinding nedia ina mll. Prior mlls have
also utilized axially and radially spaced apart arns or bl ades that extend
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extending fromone or both sides of the arms. [0007] It would be desirable
to proii diéveshagi Tatalisosithhy betprovidednpitiowechatk siots ar oategeoemiresse thepr ove
mll performance in mXi rgg or dispersing solids into a liquid carrier

medi upwmping astiompoEthsyliquid sbirngandithe grirdingqoediad [t bas g been kaopartoi cl e
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al Py extendi ng pin spaced ra y outwardly fromthe shaft an

r adi ahnis bPWadd¥sthar &teAd Radialthdrah theagitafortshafidimdth pishiledpedsacaiviagmed wi t h
a snooth surface on a next adjacent disc. [0010] In another aspect, the
prgseekmam«sa?xuendm[g{jﬁwmctﬁm' arbathpsidesed thé suns.or use in connection with an
agitator or ine nedia m |l which includes at |easf one axiall xt endi n
bin | BUAd i n Bl by desirable (AiRseVidEApAIYOr T30 IV BRIEPTERRAISTI O OF
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carrier medium, for example by reducing the time required to reduce the particle size of
the solid to a desired range and/or by providing the ability to produce a reduced particle

size in comparison to the known prior art mills.

[0008] SUMMARY

[0009] The present invention provides an agitator with a rotatable axial shaft with
a plurality of grinding discs connected generally perpendicular to the shaft. Atleast one
grinding disc has an axially extending pin spaced radially outwardly from the shatt and
radially inwardly from a peripheral edge of the disc, which is aligned with a smooth
surface on a next adjacent disc.

[0010] In another aspect, the present invention provides an improved disc for use
in connection with an agitator or fine media mill which includes at least one axially

extending pin located in proximity to the disc periphery.

[0011] BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The foregoing summary as well as the following detailed description of the

preferred embodiments of the invention will be better understood when read in



preferred enmbodinents of the invention will be better understood when read
|Fn 2hV\D 01/51212 PCT/US01/ 00716 conjunction with the appended draw ngs.
or the r of illustrating the invention, there is i e

dr aw ngs%nﬁ}é? 8di ment which is presently preferred. It sﬁgﬁ)lﬁgo%dykh
under st ood, however, that the invention is not limted to the precise
arrangements and instrumentalities shown. [0013] In the draw ngs: [0014]
Figure 1 is a perspective view of an agitator m |l constructed in
accordance with a preferred enbodi ment of the present invention, in which
the cashjiction wigiethe dppehidad dyawingkeFoavaypirposdiofiiliuseratinptoy arvedtion,
arrangenent in accordance the invention; .(12015] Figure 2 is a plan view of
an i nmhgembkdxv&clnkﬂlealcmn@membddmmhéwbr epresently prafened. [tebesld ™ gure 3
is a side view taken along line 3-3.in Figure 2; 0017] Figure 4 is, a side
vi ew taKersteadshgwaviss that ennvergmrélsaot[lm%‘f t(Fﬂkal!;r@C@e iagfaél%fﬂalﬁn&eﬂdpecti ve
view of a disc.in gccordance with a preferred embodinment of the present

i nventREHmeRsaliges %T(B’m'e 6 is a side perspective view of a disc in

accor with red enbodi nent of the present invention; [0020]
Fi guriaqf’?e]s a silgéﬂéeﬁiea\?@@%ghal view of the disc in accordance with a

pr ef egbéﬁh mbodipieife 105k alpefspREASEMew @Nﬁﬂigfi&'tbr thilD&Hstrak@dria aBcdrdance op
perspective view show ng the arrangenent of two discs in accordance with a
pr ef erwigld agprofigtetcamboliithée ¢ff #eepteséntviamentoon, ih00ARh thegrasmgohasbeersi de
perspective view showi ng the arrangenent of the two discs in accordance
with gapiaiyebrekenamayi teshows thenémprassdndist narsangesrens hiswacgardance the

invention;

[0015] Figure 2 is a plan view of an improved disc in accordance with the present
invention;

[0016] Figure 3 is a side view taken along line 3-3 in Figure 2;

[0017] Figure 4 is a side view taken along line 4-4 in Figure 2;

[0018] Figure 5 is a top perspective view of a disc in accordance with a preferred

embodiment of the present invention;

[0019] Figure 6 is a side perspective view of a disc in accordance with a preferred
embodiment of the present invention;

[0020] Figure 7 is a side elevational view of the disc in accordance with a
preferred embodiment of the present invention;

[0021] Figure 8 is a top perspective view showing the arrangement of two discs
in accordance with a preferred embodiment of the present invention;

[0022] Figure 9 is a side perspective view showing the arrangement of the two

discs in accordance with a preferred embodiment of the present invention shown in

Figure 8;
[0023] Figure 10 is a side elevational view of the two discs shown in Figure 9;
[0024] Figure 11 is a side elevational view showing a velocity profile in a fine

media mill with the known prior art discs;



Figure 8; [0023] Figure 10 is a side elevational view of the two discs
shown in Fi gure 9; [0024] Figure 11 is a side elevational view show ng a

vel 00|ty“rt;c6|)_‘ inafine nedia mll with the known pri gJerdido1dhags: 3 WO
U

01/51212 P 01/00716 [0025] Figure 12 is a side elevational view

showi ng a velocity profile illustrating the flow disruption created by the
discs in accordance with the present invention; and [0026] Figure 13 is a
mlling disc conparison chart illustrating the increase in particle size

reduction provided by the discs in accordance with the present invention in
conpanf0e2F) t o t HEghreolispy dide ervhtidnslcdew [sHOR T g DERicityPrOERGRUBFhGRE OF THE
PREFERRED EMBODI MENTS [0028] Certain term nology is used in the foll ow ng
descr |tkm; ﬂow disruptmvencateddy thenliscsandccerdance with themgesenihenvention; andght ",
"left", "l ower" sigpnate directions.in the drawings to whi ch

(rjef er dA020) s ma égurpngg\&b@dgﬂﬁna $rgmparisen chart Whysiraping edpcrcgse
t t d he

o o it s7aTEHudith SHacd B e ERBRh it Confiand R iR BHnshr FSRhfpn it

i nventd, %Bgt dES ka5 hﬁﬁlbo\%&{&ls& ereof . The term nol ogy includes the

words specitically note e erivatives thereof, and words of sinilar
import. In the present application, the terns "a" or "one" are intended to
mean at | east one unl ess specifi cal | y noted. Additionally, the terns

" gri nqDOZ7]DEFAILEG DES(ERGYTICNE QF i1kHE PREFERREDREMBODIMEN Tfeen used
both singly and_in conbination to describe the processing of a nediumin

t he m[pp-?-ghnd arfyertaig demgminglgyds uged i Bre follesang éﬁmmtm E€RBXENIEBCE ncl ude

h h . | h f h
t er ms O G Brngh liiting.q T w%rr%ﬁﬁéﬁﬁ; o dupd i BuBPES deitinali e e
type qfi kb 'f13he (EREESEN QY COELBRC 3 HhEECIA bRra@ kil SEnd”

ei t her " termT ¢
"outwardly" refer to directions toward and away from respectively, the geometric center

of the media mill and/or the improved disc in accordance with the present invention, and
designated parts thereof. The terminology includes the words specifically noted above,
derivatives thereof, and words of similar import. In the present application, the terms
"a" or "one" are intended to mean at least one unless specifically noted. Additionally, the
terms "grinding," "mixing," "deagglomerating" and "dispersing" have been used both
singly and in combination to describe the processing of a medium in the mill, and any
use of one or more of these terms is intended to include the other terms as well as other
descriptions of such processing. The terms "agitator mill" and "fine media mill" are also
used to indicate the type of mill that the present invention is directed to, and the use of
either term is intended to include both.

[0029] Referring now to Figure 1, there is shown an agitator mill 10 in accordance
with a preferred embodiment of the present invention. The agitator mill 10 includes a
housing 12 defining an internal milling chamber 14. The housing 12 includes a first end
16 and a second end 18. The housing 12 has been broken away in Figurel to show a
plurality of agitator discs 22 in accordance with the present invention which are spaced

apart by spacers 20. The discs 22 and spacers 20 are located on an agitator shaft 24



[0029] Referring nowto Figure 1, there is shown an agitator mll 10 in
accordance wth a preferred enbodi nent of the present invention. The

agi tator wy dls;4@ 1 ncludes a housing 12 defining an inter pglrglbd71¢
chanber ﬁi.&]‘ﬁ%e housing 12 includes a first end 16 and a second end 18.

The housing 12 has been broken away in Figurel to showa plurality of

agitator discs 22 in accordance with the present invention which are spaced
apart by spacers 20. The discs 22 and spacers 20 are | ocated on an agitator
shaft 24 4 WD 01/51212 PCT/US01/00716 which is rotatably supported at the

first venidh iSrarhitabhesupposiedat ke firldtenddiotafithe hsh:aﬁ% 124 Thesagltatyeshafio?4 ot at e
at the desired speed by a notor drive systemwhich is not shown in detail

i n t has griverno rafate atctheidssired lspeedhpianhotyr cdoivemystens vdfich ipnet gravenl in

enbodi man}_ gf the agitator m'TII 10 are as shown agd deﬁsecri bed ip U S
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and desohbfeskilldd én a@idrefrom thielpgresenf @iseiRarethat @dWiscsi 2D #iactérdmdeahr oduct
outlet "19. A separator screen arrangenent 40 is |located at the second end

18 of prhsenhomsntigntan be usediar canmeptien wiith dther typesolf agjtatecindls dndareert t i ng
the agitator mll 10 along with the product flow _ [0030] The r]unber,iemd
spaci ngnised treseavith thoprefgraedagitapsmald 18 showa aadidesersheds nie agitatorgnil pe

aql oeriadehs grodic JueLRf anfd idSo: GEBETP, Aorerbrtor FePRerinren the
or of erit SepeRanidfie sE ot B8 BFthe AQIRTE | ZPolteP EFpreehfineeniciRt et | " @
et o e O Tator shatt 24 such
[0030] The number and spacing of the discs 22 and spacers 20 on the agitator shaft
24 can be varied for particular applications, depending upon the solids being de-
agglomerated or dispersed and the viscosity of the liquid in which the dispersed solids
are entrained.
[0031] The discs 22 in accordance with a preferred embodiment of the present
invention are shown in detail in Figures 2-10. Referring to Figures 2-4, preferably each
disc 22 includes a central opening 26 which is keyed to fit on the agitator shaft 24 such
that each disc 22 rotates with the agitator shaft 24. This can be done by providing flats
on the agitator shaft 24 and corresponding flats in the central opening 26. However,
those skilled in the art will recognize from the present disclosure that other means may
be utilized to connect the discs 22 to the agitator shaft 24, such as a separate notch and
key arrangement, if desired. Additionally, the outer periphery 28 of the disc may have
various different configurations depending upon the application. For example, one or
more flats may be provided on the outer periphery 28 of the disc 22, or the outer
periphery 28 of the disc 22 could be provided with other forms, such as teeth,

undulations, or other shapes depending upon the mixing characteristics desired.



that each disc 22 rotates with the agitator shaft 24. This can be done by
providing flats on the agitator shaft 24 and corresponding flats in the

central QRFfIsI6226. However, those skilled in the art w blrhRepgpige from
t he present C?I sclosure that other neans may be utilized to connect the
discs 22 to the agitator shaft 24, such as a separate notch and key
arrangenent, if desired. Additionally, the outer periphery 28 of the disc
may have various different configurations dependi ng upon the application.
For exanple, one or nore flats may be provided on the outer periphery 28
of th¢0@B2Xc 22, Pweferitdyathtdisc 22erlspinetudeR @ phiralityeoflirsvate dpeninigs obslops ovi ded
with other forms, such as teeth, undulations, or other shapes dependi ng
upon BAdornseass bisanixdng asten.ds theprefered smhodoens 1fpup kidry shapedsipts
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t he pdéstesure dhacihesshiapel bizk dnidecoifaneatish 28 the opedidsgd80 ahap beofaridie
openings 30 nay be varied depending the particular application. [0033] As

shown depentingithe particudprrappligation.at | east one disc 22, and preferably each

disc 22 _includes at |east one axially_extending pin 32 |located. in
proxi 19933} o t hé's %@W%Wéﬁe}alkm Elguf%ezy-ai afdeasp ong disg 239 and predarabhperfibment

(10 PG, 32, Bl R Bt s 0 2 JosP MR LT 21,
e ferh a5 SEpone secandostdnhalhis et claeanng et
o e TSy aOLY, yORIBIAR pyelail s onle syl
t he ouappickemdiciyréB86r agedtianddhe two pins 32 on the second side 36 of the disc 22 also

being spaced approximately 180° apart and being offset 90° from the pins 32 on the first

side 34. Preferably, the pins 32 are positioned in a disc segment located between the

slots 30, and are preferably offset radially outwardly from the outside diameter defined

by the slots.

[0034] In a preferred embodiment, the pins 32 are approximately cylindrical in

shape and are attached in correspondingly located threaded openings in the disc 22. Flats

33 may be provided on opposing sides of the pins 32 for engagement with an installation

tool. However, it will be recognized by those skilled in the art from the present

disclosure that the shape of the pins 32 can be varied depending upon the particular

application. For example, oval-shaped, square or other cross-sectional profiles could be

utilized. Additionally, the spacing and number of pins 32 can be varied depending upon

the aggressiveness of the mixing action desired. Preferably, the pins 32 are made from

tool steel. Those skilled in the art will also recognize from the present disclosure that the

pins 32 can be attached to the disc 22 in any suitable manner, such as welding,

interference fit, swaging or any other suitable method or may be formed integrally with



by the slots. [0034] In a preferred enbodi nent, the pins 32 are
approximately cylindrical in shape and are attached in correspondingly

| ocat ed ggﬁg%openings in the disc 22. Flats 33 may b&danehdedeOn
opposi ng sirdes of the pins 32 for engagenent with an installation tool.
However, it will be recognized by those skilled in the art fromthe present
di scl osure that the shape of the pins 32 can be varied dependi ng upon the
particular application. For exanple, oval-shaped, square or other
cross-sectional profiles could be wutilized. Additionally, the spacing and
nunber thefdigi 2B b3 thachinihg, casting dr depethdt netabdefornting pagassesthy pis at t he

m xi ng action desired. Preferably, the pins 32 are nade from tool steel.
Those siountesbaxially kechthat ¢hdyl araigenenably ggnalled t¢ tlunagitatopshededd. di scl osure
that the ﬁins 32 cgf be attached to the disc 22 in any sui aggg manner ,
such alV0Aldi ng, In Preics e achifve optimuny dergeRipmsratng. BPHRE 28I SBIRETHEAhod or
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24. [0 n or to achieve optinu e-aggl onmerating, m xing and/or

di sper gindie dithinlettd bakdd dmthe szedfthabhiyl. TR Sewe slots 3Paleobieciolle b énrns 32
neet certain criteria based on the size of the mlIl 10 and discs 22 being

utili zsldt dilineeteli Kg;, 2¢hdvers inaF igueei2t dinefarebly, thetinsld2 dawestpeotrosion diegghtt he
size of the mill. The arcuate slots 30 also include an inner slot dianmeter
KDI A, kishawn wn Iigyre 3 that ipine sangs of 8% e 1 praef adifieaencedasveen the GHsKHE; ght
h, sho in Figure.3 hat, is in,a range of 8% to, 15% qf . i fference
bet veetaHeRA Ledlse 3¢ At mnoMERaTHTSRO o theRroRBRRN el i EMAERy, ( ne
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h, and nore preferably is in the range of 105%to 107% of the
protrusion height h, and more preferably is in the range of 105% to 107% of the
protrusion height.

[0036] The pins 32 are preferably located on a pin circle having a diameter PCy,;,
that is in a range of 75% to 90% of the outside diameter of the disc 22, and more
preferably PCp,, is in the range of 85% to 87% of the disc o.d. in order to achieve
optimum performance. Additionally, the distance S between adjacent discs 22, as shown
in Figure 10, is in a range of approximately 210% to 530% of the pin protrusion height
h.

[0037] In one preferred embodiment for a disc 22 having an outside diameter of
approximately 9.54 inches and Ky, of 4.44 in., the pins 32 have a protrusion height of
approximately 0.59 in. and are approximately 5/8 in. in diameter. PCp,, is approximately
8.2 inches and the spacing between adjacent discs 22 is in the range of 1.5 to 2 inches.
Those skilled in the art will recognize that the above-noted dimensions are intended to
be merely exemplary, and that other dimensions could be utilized. Preferably, other

selected dimensions will meet the criteria set forth above in order to achieve optimum

performance.



protrusion height. [0036] The pins 32 are preferably Iocated on a pin
circle having a dianeter PCDIA that is in a range of 75%to 90% of the

outsi de ¢ 8f, of the disc 22, and nore preferably PCDpgrhssol/oridie range
of 85%to(g6;§olo the disc o.d. in order to achieve optinmm performance.

Addi tionally, the distance S between adjacent discs 22, as shown in Figure
10, is in a range of approximtely 210%to 530% of the pin protrusion

hei ght h. [0037] In one preferred enbodi ment for a disc 22 having an
outside dianmeter of approximately 9.54 inches and KDI A of 4.44 in., the

pi ns J90B8ye a pAothisiwh dmdérallghFigfres hppd 8x1Orakelocationdf the piand2 andhe
approximately 5/8 in. in diameter. PCDIA is approximtely 8.2 inches and

t Ee s peetgieprieg dises 22 diraaksntshoimgc sl cosddncetwidh tlaggresent invention,2hg e hes.
Those skilled in the art will recaognize that the above-noted dinensions are
i nt endeastose Phe3 Hopdrg/disg &4t Jgegted ama complemedary RASHRATSORnQSHT RS
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accor danRe aMiftdin thepRiesedisclbfine thaterpin BRana extepdshlyoftemport sidfaee 3uhe di sc
22 is located in a conplenentary position to a snooth surface on the

nei ghtss,iofig ghverndist 22dndckatithelpssitiaf of W pia 32ns higned wfitra soethiaoed omnt
pins 32 extend fromboth surfaces 34, 36 of each disc 22. it wll be
r ecogrd neighbyring oz aextiadjacsat diss 22ndt isralsq possiblphasithe BeichhpEpE disFBaY hat a

T SR P B R 50 s BT ahgid2asn
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such tHat 39¥hYeall Hise 2t AR alighed sdéh that the pins 32 on the first face 34 of each disc
22 are generally aligned with one another, and the pins 32 on the second face 36 of each
disc are also aligned, as shown.
[0039] The unique positioning of the pins 32 results in a greatly enhanced level
of de-agglomerating, mixing and/or dispersion capability by forcing the pins 32 through
the normal accelerating flow of the media/product mixture in the agitator mill 10. The
forcing action results in a diverting of the product flow around the parallel pins 32 as
illustrated diagrammatically in Figure 12. The prior art arrangement of discs 2 without
the pins 32 is shown in Figure 11 in which the velocity profile is generally highest at the
surfaces of the discs (as represented by the longer arrows 41) and lowest in an area
midway between the discs (as indicated by the shortest arrow 42). In comparison, the
velocity profile shown in Figure 12 illustrates how the pins 32 divert the product flow
around the pins 32 which eliminates the low velocity segment of the flow profile and
causes a higher velocity as represented by arrows 43. This forcing action creates a
disruption in the flow across the first and second disc surfaces 34, 36 which are generally
flat, and results in a pulsating flow pattern towards and away from the disc surface. This

combined action increases the velocity of the media/product mixture as it flows around



in the agitator mll 10 includes any pins 32. However, in the preferred
enbodi nent, the pins 32 on each disc 22 are aligned such that the pins 32

on the f{,vb%tlsflﬁge 34 of each disc 22 are generally alignp@ritsdiedise
anot her, and the pins 32 on the second face 36 of each disc are also

al i gned, as shown. [0039] The uni que positioning of the pins 32 results in
a greatly enhanced | evel of de-agglonerating, m xing and/ or dispersion
capability by forcing the pins 32 through the normal accelerating flow of
t he nedi a/ product mxture in the agitator mll 10. The forcing action

r esul teach pira32liiverchiing thé veloeitp begored thalt avirasidyobtaidtel fahadiselpepipheryB2 as
il lustrated di a?r_amm_lt ically in Figure 12. The prior art arrangenent of

di scs 28. Whemsult is pelipvedstoe an indreass inthEmpximun shear Igved lattainablectior t y
profile is generally hjghest, at the surfaces of the discs (as represented
by t h&lY@hgitatay Plewﬁe@égem avasaingble gy Flyaconﬁeaﬂayalb@wﬁ@wg “Bf scs
(as indicated the shortest arrow.42). In.c ri.son, the .velaocity

br of | 1% 166 BtiT Riowgeda P SRiteet SeR? nosusL R RS amb SBpat g ot Sauct
fl ow dth ' ' L [, fat AV HBHES! 1?@;9%@ of the
fl ow rag I1e an?ﬁc}gggéénémhﬁéﬂgéétg}&%é?fe}%ggnéeprgtgéﬁt%gl?%y arrcl)v\c/s 43.

Thi s figiligtdtn 8 Agitatsd 1dl €0 résultdiis hdRidifidanthindhebblagtiabigcasse ihthd fatst and
second di sc surfaces 34, 36 which are generally flat, and results in a

pul satofpgoduaidigyetrsien whenvamasarad ovithwing efxissiingt domveinton sitack agstenishilest
conbi ned action increases the velocity of the nedia/product m xture as it
f 1 ows datathen g Kiguoal3s rrhich pemperseg o est dise ity separgte sestued digcy he

| oci h d | | i ned at.the.di i.ph :
" esul 2 LRI it aCdnee wR ABL B7eR! iy SRl MePEnuBe Ll ah 2202 nabi o
i se AP RaARkER S e B B B0 B e O A e

Sodet LR AR oAbl G EONITTSN Bpoin ekt hipatyve)

r esul tidentivahpsicgss Eomtitibnsands shubsh amFigire il cafeaskd) mimitbeof eperation with
a standard disc, the average particle was approximately 4.7um. In comparison, with the
disc 22 having the pins 32 in accordance with the preferred embodiment of the present
invention as described above, after 10 minutes the particle size was approximately 1.8um
in Test 1 and approximately 1.5pm in Test 2.
[0041] In the known agitator mill using discs without the axial pins 32, the agitator
mill is limited to a maximum Q_,, value which indicates a best achievable product
dispersion as indicated by a minimum particle size after mixing to a point where further
reduction in particle size is non-attainable. This would be represented by a horizontal
line in Figure 13 which would be generally asymptotic to the performance curve to
indicate the minimum particle size. By utilizing the improved disc 22 with the pins 32
in accordance with the present invention, the Q,,,, value for a given agitator mill has
changed and is a significant improvement over the prior known mills. This means that
an agitator mill 10 equipped with the discs 22 with pins 32 in accordance with the present
invention can obtain a higher operating efficiency with no other change to the equipment

aside from the configuration of the discs 22 in order to produce the same particle size,



of product dispersion when conpared with the existing convention discs
systens. Test data shown in Figure 13, which conpares a prior art disc
with twoyweppéaie tests of discs 22 with pins 32 in accorggane®ivbiib t he
present invention (designated 22-1 and 22-2) shows an increase in

de- aggl oneration, m xing and/or dispersion capacities of 150-300 % from
those achieved in an agitator mll 10 havi ng conventional discs operated
under identical process conditions. As shown in Figure 13, after 10

m nutes of operation with a standard disc, the average particle was

appr oxamdicah yalgh Bmused toogpmarateoan ewen isntahler pditsale 22zehthannyas peeyionsly32 i n
accordance with the preferred enbodi nent of the present invention as
descri #ainabléve, after 10 ninutes the particle size was approximately 1.8gm

Sl OB SRS, o e BT R T
R T T T,

wher e frdffuf@intaliteiiodn BOusdd Rahid ﬂie%c%bé @ndl %Rﬂﬁrb‘f?lhé 9&&%9{ fivehtibf. WoHl d be
represented by a horizontal |ine in Figure 13 which would be generally

asynpt believedahhthhepsiidue pagitionimigrofeant axialiyndkteatmet pia locateduwnproxitityite si ze.
By utilizing the inproved disc 22 with the pins 32 in accordance with the
pr esentheipeviphetyoef the discamd, facingl asmoash surfgeeemthegiextadincentior npighboeingnged
and is_a significant inprovenment over the prior known mlls. This ans

t hat aﬁcat@St%rpaic?% this 1@Pé91‘(ﬁ%%00‘(ﬁrtthe (FAOT QYN SYSTE, thguerng%sz 2¢n

oo BESalld B R DR B L 30 2R B PR Bkl
conf i gb'(ﬁlﬁ?hﬁﬂt g&}é}ﬂaé@rﬁ&ﬁ 82 ohB & Hfjre L&Y ﬂ{eogﬂﬁﬁngh@iséé‘%tfp%liéésCQ? ial ze,
9 WO 01751212 PCTIUSOL/ 00716 and can al so be used"to generate an even

snal | excdorddnce! with itepidset inmentiure VAocsdinglatthis inabhtton [sHt2imiddd tethiehe

preferred enbodi nent of the present invention has been )
precise arrangement shown but rather to the general concept of utilizing an axially
extending pin on one disc 22 which extends toward a smooth surface of the neighboring

or next adjacent disc.
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described in detail, those skilled in the part will recognize that other
arrangenents and instrunentalities can be used wthin the scope and spirit
of the Pre vention. It is believed that the unique j 1 g of an
axially ex@gﬂg %ﬂ pin located in proximty to the periphé§§§g%h@ﬁ?%dlsc
and facing a snooth surface on the next adjacent or neighboring disc has
provided this inprovenent over the prior known system The discs 22 in
accordance with the present invention having pins 32 can al so be
retrofitted onto existing equipnment by replacenent of one or nore of the
existing discs with discs 22 in acggspg@gRce with the present invention.
Accordingly, this invention is not limted to the precise arrangenent
shown Whatniatlamedas:t he general concept of utilizing an axially extending
pin on one disc 22 which extends toward a snooth surface of the nelghborlng
or next adj Acé¥t agitaier milh cowpoisimzPntatebly asshshatirrsh aglwality of\einding

a rotatabl e aft with a

S: ot alsys oy @fh@%&ra g@?@%ﬂ'&lﬁH%{%ﬁ%@%& a lr:@'stﬁar:&éw@?(riﬁlé? fpingan
"aai o P90y ERRP AR SRR R bR A DY R v R abd PO e 80

edge of p Eﬁﬁhgﬂai;@d odOf R dl& %&Lﬁlglrl]?ada Y%r{ela With A bR YGFAEE0R R xR e C@ﬁlﬂ acent
di sc. e agitator ml claim wherein the at [east one dgrinding

di sc |dmbudes a plurallty of el ongated arcuate slots, and the axially
extending pin is located in a disc segnent between the slots. 3. The

agitator mll of claiml, wherein first, second, third and fourth axially
extendi ng piLns, are. | ocat t he at Ieas one di sc, the first, apd second
axial |y ext éngfh‘?gaglﬁﬁmsrnﬁﬁwgaalm lemhereinthe atleges e grwyﬁag discigcludes agi sc,
and t hslurglll %n]égt%atarr]c@a 'e%lotgl, and the axially extending pin is located in a disc

segment between the slots.

3. The agitator mill of claim 1, wherein first, second, third and fourth axially
extending pins are located on the at least one disc, the first and second axially extending
pins extend from a first side of the at least one disc, and the third and fourth axially

extending pins extend from a second side of the at least one disc.

4. The agitator mill of claim 3, wherein the first and second axially extending pins
are spaced apart radially approximately 180 °, and the third and fourth axially extending
pins are spaced apart radially approximately 180°, and are offset from the first and

second axially extending pins by approximately 90°.

5. The agitator mill of claim 4, further comprising four elongate arcuate slots, the

axially extending pins being located in a radial position between the slots.
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extendi ng pins extend froma second side of the at |east one disc. 4. The
agitator mll of claim3, wherein the first and second axially extending
pins argoeaaisd apart radially approximately 180 , and t beriRoneb7end
fourth axially extending pins are spaced apart radially approximately 180
, and are offset fromthe first and second axially extending pins by
approximately 90'. 5. The agitator m Il of claim4, further conprising four
el ongate arcuate slots, the axially extending pins being |located in a

radi al position between the slots. 11 WO 01/51212 PCTIUS01/00716 6. The
agi t at or m 6. Thé agitatornti]l offedaiai 5 wherepi the thavkave ppootrusicomeiglitghatishat i s
in arange of 8 to 15% of a difference between an, outsi dfe di gneter of the
di sc ainc rangeiof S0 o 4P ket adifigrensrebeiiveaner oytdide diameter,@ &wﬁ&% #hdan| | of
claimb,, wherein the pins have a dianeter that is in a range of

appr ox‘inﬁ’éerﬁm%? the f5eH ‘stor’i% protrusion height. 8. The agitator mll of
claimb5, wherein the pins are located on a pin circle having a dianeter
that is in a range of 75%to 90% of a dianeter of the disc. 9. The agitator
m Il of claymrpe a%ﬁ;@tb?hﬁll%f@la’iﬁ%}%e‘?@ih"ﬁﬁ@ﬁintsfhﬁvéh diffsfer 608 idinscrangsd t he
next adjacent distc Is In a range of approximately 210%to 530% of the pin
pr ot r usf apprbgingdielyl 00%d kel Hiffot aftthe protrision height.m 1, wherein the at | east
one axially extending pin has a protrusion height of between 125% and 300%
of a thickness of the at |east one disc. 11. The agitator mll of claim1,
wherein the at_ |east one in includes a first threaded

axially extending pin
end for att&chheagitater Pl ng:ﬁ‘lué‘ésf"’)i’@ﬁ%nal?%@, S FdOFAS W@rcﬁq hayige
adapt eéj d%a?nqur {Had %gi%da ra%l%e of 75% to 90% of a diameter of the disc.

9. The agitator mill of claim 5, wherein a distance between the at least one disc
and the next adjacent disc is in a range of approximately 210% to 530% of the pin

protrusion height

10. The agitator mill of claim 1, wherein the at least one axially extending pin has

a protrusion height of between 125% and 300% of a thickness of the at least one disc.
11. The agitator mill of claim 1, wherein the at least one axially extending pin

includes a first threaded end for attachment to the at least one disc, and two opposing

flats adapted to be engaged.
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