An I nproved Jet for Use in a Jet MII Mcronizer
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[0004] High pressure steam is commonly used to generate the micronizing jet when
milling titanium dioxide particles to pigmentary size. In view of the energy costs associated
with steam generation, improved entrainment efficiencies can lead to significant cost savings
during the TiO, pigment manufacturing process. The quantity of steam used during the TiO,
micronization process, for example, is typically quite substantial, generally varying between '
about 0.5 to greater than two tons per ton of pigment. '

[0005] In view of the significant energy costs associated with steam jet mills, it would
be desirable to provide an improved jet nozzle which enhances entrainment of particles to be
milled. Preferably, such improvements would be provided without significant design changes
to the micronizer. Further, it would be even more beneficial if the changes enabling the

improved operations of the micronizer could be readily retrofitted to existing units. The



about 0.5 to greater than two tons per ton of pignent.

[0005] In view of the significant energy costs
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to provide an inproved jet nozzle which enhances

entrai nnent of particles to be mlled. Preferably,

such i nprovenents woul d be provided wthout

signi ficant design changes tg the mcronizer. Further,

it would be even nore beneficial if the changes

enabling the inproved operations of the mcronizer

could be readily retrofitted to existing units.

Thecurrent invention, as described herein, provides
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inducing element.  Preferably, the removable coanda effect inducing element has a
configuration corresponding to the slot-like exit of the passageway. Thus, the slot-like exit of
the passageway and the coanda effect inducing element define a generally consistent gap
through which the gaseous steam flows to form the jet. While other means may be employed
to secure the coanda effect inducing element in position within the nozzle, the preferred
embodiment utilizes a hollow set screw having a passageway running the length of the screw.
The screw is inserted into the first end of the jet nozzle following placement of the coanda
effect inducing element within the nozzle, thereby securing the coanda effect inducing element

in position within the nozzle.



opposi ng general ly rounded ends. Renovably positioned
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coanda effect inducing element. Preferably, the
renmovabl e coanda effect inducing el enent has a
configuration corresponding to the slot-like exit of
the passageway. Thus, the slat-like exit of the
passageway and the coanda effect inducing el ement
define a generally consistent gap through which the
gaseous steamflows to formthe jet. Wile other neans
may be enpl oyed to secure the coanda effect inducing

el ement in positi onnwndgé,mpﬁom,fmﬂawmgg he preferred
enbodi ment, utiljzes a holl ow set SCI.EW havi ng a

[999Y 2 gevaljierid depigs & RRIRERgIRIZRE igtMillscrew. The screw

%0810]”59” BGudenti® atpaBpdctiveé Vie@nsd aggfret%‘?&i ¢relodMEBAZ bPan improved jet
ol | ow ng pl acenent of?qt he coan

a effect dlim n
rzelgeifgiu &tﬁ? fpapdacetice) mgfﬁ@F’é‘W“’é‘é’éEWth@ eHet '%%ﬁda
pOLACt | NElGnds £ KPR Vi Qpcﬁéini eMVjetﬁBzﬁlebhElgureZ
nozzl e. Brl ef Description of t nf? 00943 Fi lgure
ORI ct s Figueypslepigs t*eﬁee‘feaﬁp&%@ f%af‘ qet beyppsl g exit point of the
fet Qdigléaﬁd ﬂe&e%n@ﬂfe&@@ﬁbf&h@ gydegWj@f a pr efe:rrgd ]

i men a ro et noz ¢l udi ng t he .
0Tl "ot Fiske s aicMirceDreloB ot PEoas ol ety Haen using
pridr aR@8Zdee. [ 0011] Figure 3 is an expl oded view of the
| oved | et of Figure 2. [0012] .Fiqure 4 .
IBRNCY o BB ERcs 0B improPHL ruaamas otprudiss g fips i et nozate

6fthé cupehtlhveafion he j et nozzle and represents the speed
of the gas . | ] |

defl ecti et ;

(85l a pld QD](I;‘trIHenﬁ(IZoah@, ﬁﬁs@O&A-e]rvéal guprenﬁndihepmmenﬁ he free jet

d t t the |
HBDEE Tom 4 Pk PRaH: EIRBROTER SiEaveal F e fopbegfect s
phienbtheforris te rﬁmboﬂloméﬁu@gieﬁdh@xddgmeevﬂen aie ffed@bSjing stream of gas
sery menon rein
Aitpe g ofve giRE it o B BRoRGL N R D PR AEPRE AT © 5
mms]by s uThaagrent{mawroraakds lad?vamagmﬁfaheerfoﬁmteffedt I extend a thin layer
th |t '
CABRSER 200 b B b 2 P B BT R o coen
'vatmnamehadseﬁ;ﬁmmcczanm bleatdEsseonedoch sutiod lﬁ‘OhII tqu exdt gt 26 of the

H82RO1S f\’!/hl'élndused in a titanium dioxide micronizing process, the current invention

provides an effective grinding zone equal to currently available full cone jet nozzles. The
nozzle of the current invention provides this equivalent grinding zone while reducing the steam
requirements by half. Thus, the current invention satisfies the above indicated needs of the
industry.

[0017] Preferred embodiments of the current invention will be described with reference
to Figures 1-3 and in particular with reference to Figures 2 and 3. Figure 1 depicts a typical
micronizer jet mill 5 which may be retrofitted with improved jet nozzle 10 of the current
invention.

[0018] Improved jet nozzle 10 of the current invention is depicted in detail in Figures 2
and 3. With reference of Figure 3, nozzle 10 includes a nozzle body 14 having a
passageway 18 therethrough. Passageway 18 has a first open end 22 and second open end 26
also referred to herein as the exit point26 or jet forming exit26. Located within

passageway 18 and preferably extending outward from exit point26 is-a coanda effect



[0016] The current invention takes advantage of the
coanda effect to extend a thin |ayer supersonic zone 3
wa 2008t0n809¢ fromthe jet nozzle 10. As depi ct edPCI/US2006/047707
Figure 4, the current invention extends supersonic
zone 3 1 at |l east one inch outward fromthe exit point
26 of the nozzle 10. Wen used in a titani um di oxide
m croni zing process, the current invention provides an
effective grinding zone equal to currently avail able
full cone jet nozzles. The nozzle of the current

i nvention provides this equivalent grinding zone while
reduci ng the steamrequirenents by half. Thus, the
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about Mach 1.9. In contrast, prior art devices lacking a coanda effect inducing element 30
would experience rapid dissipation of the jet in the region adjacent to nozzle 10. In general, jet
velocities in the corresponding regions without use of element 30 would normally be about
Mach 1, and require approximately 2x as much steam to attain a zone of less than equivalent
length. The improved velocities throughout supersonic zone 31 produce enhanced entrainment
of particles within jet region 35.

[0022] The improved entrainment of particles within supersonic zone 31 is evident
from a comparison of Figure 5 to Figure 6. Figures 5 and 6 depict the influence of jet region
35 on representative particle tracking lines 33 and 37. In Figure 6, the particle tracking lines
33 indicate that four representative particle tracks 37 are drawn into supersonic zone 31 while

only two particle tracks 33 do not enter supersonic zone 31. In contrast, Figure 5 depicts



menti oned above, other options are available for

renovably securing the elenment 30 in position within
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an indexed friction fit or even a tack weld of the

el ement 30 within the passageway 18. [0020] As the

steamjet exits nozzle body 14, it wll be attracted

to and maintained in close proximty to coanda effect

i nduci ng el ement 30 by the coanda effect. Due to the

i nduced coanda effect, the resulting jet's supersonic

zone 3 1 wll be extended outward from nozzle 10 a

greater distance than would be true of a jet under the
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of exit point 26. For example, coanda effect inducing element 30 may have an oval, elliptic or
any other curved surface suitable for inducing a coanda effect on the steam exiting the nozzle
body 14 while exit point 26 may be a standard slot opening or other configuration including
but not limited to oval, circular, multi-slotted and multi-lobed.

[0025] In a preferred embodiment, coanda effect inducing element30 carries a
flange 54 suitable for retaining coanda effect inducing element 30 within passageway 18 by
engaging a lip or other similar device (not shown). Following positioning of coanda effect
inducing element 30 within passageway 18, set screw 34 is threaded into nozzle body 14.

Although shown as having a fixed position within nozzle body 14, coanda effect inducing



correspondi ng reduction in steamusage for a desired
degree of grinding. [0023] In the preferred
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engaging a lip or other simlar device (not shown).

Fol | ow ng positioning of coanda effect inducing
welersm30980 Wit hi n passageway 18, set screw 34PCT/US2006/047707

t hreaded into nozzle body 14. Al though shown as having

a fixed position wthin nozzle body 14, coanda effect

i nduci ngel emrent 30 may be adjustably secured within

passageway 18 thereby all ow fine tuning of

m cronizer 5 for changes in operating conditions.
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.extendi ng outward from said second end
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m cr andoandagfip@ indatihg eleroenyppsiiangd within said passageway, said coanda effect
inducing element extending outward from said nozzle through said second end, wherein said
coanda effect inducing element has a configuration substantially similar to the slot-like

configuration of said second open end.

4, A jet nozzle for use in a micronizing jet mill comprising:

a nozzle body having a first open end and a second open end, said first and second ends
being joined by a passageway passing through said nozzle, wherein said second open end has a
slot-like configuration defined by two longer, essentially inwardly hyperbolic sides and
opposing generally rounded ends;

a coanda effect inducing element positioned within said passageway, said coanda effect

inducing element extending outward from said nozzle through said second end, wherein said



a nozzl e body having a first open end and a second

open end wth a passageway joining said first and
weeasrnd3mmds; a coanda effect induci ng el enment PCT/US2006/047707

positioned within said passageway and extendi ng

outward from said second open end of said nozzle

wherein said coanda effect inducing el enent has a

geonetric configuration corrgsponding to the geonetric

configuration of said second open end of said nozzle.

3. Alet nozzle for use in a mcronizing jet mll

conprising: a nozzle body having a first open end and

a second open end, said first and second ends bei ng
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a coanda effect inducing element positioned within said passageway, wherein the
exterior surface of said coanda effect inducing element and the interior surface of said slot-like
opening define a gap, said coanda effect inducing element extending outward from said nozzle
through said second end, wherein said coanda effect inducing element has a configuration
substantially similar to the slot-like configuration of said second open end and wherein the
portion of said coanda effect inducing element which conforms to the configuration of said
second open end extends into said passageway a distance ranging from about ten times said

gap to about 20 times said gap.

7. A jet nozzle for use in a micronizing jet mill comprising:
a nozzle body having a first open end carrying interior threads and a second open end
having a slot-like opening, said first and second ends being joined by a passageway passing

through said nozzle;



opposi ng general ly rounded ends; a coanda effect
i nduci ng el enent positioned within said passageway,
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fromsaid nozzle through said second end, wherein said
coanda effect inducing elenment has a configuration
substantially simlar to the slot-like configuration
of said second open end, said, coanda effect inducing
el ement extends outwardly fromsaid second open end of
about 2.5 mmto about 38.1 nm 6. Ajet nozzle for use
inamcronizing jet mll conprising: a nozzle body
having a first open end and a second open end, said
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simlar to the slot-like configuration of said second
open end and wherein the portion of said coanda effect
i nduci ng el enent which conforns to the configuration
of said second open end extends into said passageway a
di stance rangi ng fromabout ten tines said gap to
about 20 times said gap. 7. Ajet nozzle for use in a
mcronizing jet mll conprising: a nozzle body having
a first open end carrying interior threads and a
second open end having a slot-like opening, said first
and second ends being joined by a passageway passing

t hrough sai d nozzl e; a coanda effect inducing el enent
positioned within said passageway and extendi ng
outward from said nozzle through said second end,
wherei n said coanda effect inducing el enent has an
external geonetric configuration substantially
conformng to the internal configuration of said
slot-like opening of said second end of said nozzle
body and wherein the



exterior surface of said coanda effect inducing

el ement and the interior surface of said slot define
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retai ner positioned within the first end of said

nozzl e, thereby securing said coanda effect inducing

el ement within said passageway. 8. A et nozzle for use

in a mcronizingjet mll co i sing: a nozzle body

having a first open end carryrng interior threads and

a second open end having a slot-like opening, said

first and second ends being joined by a passageway

passi ng through said nozzle; a coanda ef fect inducing
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secordcaandhseffect inducing element adjustably positioned within said passageway, said
coanda effect inducing element extending outward from said nozzle through said second end,
wherein said coanda effect inducing element has a configuration substantially similar to the

slot-like configuration of said second open end.

10. A jet nozzle for use in a micronizing jet mill comprising:

a nozzle body having a first open end and a second open end, said first and second ends
being joined by a passageway passing through said nozzle, wherein said second open end has a
slot-like configuration;

a coanda effect inducing element positioned within said passageway, wherein the
exterior surface of said coanda effect inducing element and the interior surface of said slot-like
opening define a gap;

said coanda effect inducing element extending outward from said nozzle through said
second open end about 2.5 mm to about 38.1 mm, wherein said coanda effect inducing element

has a configuration substantially similar to the slot-like configuration of said second open end



bei ng joi ned by a passageway passing through said

nozzl e, wherein said second open end has a slot-Ilike
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positioned within said passageway, wherein the

exterior surface of said coanda effect inducing

el ement and the interior surface of said slot-Iike

openi ng define a gap; said cqeanda effect inducing

el ement extendi ng outward from sai d nozzl e through

said second open end about 2.5 mmto about 38.1 mm

wherein said coanda effect inducing el enent has a

configuration substantially simlar to the slot-1like
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