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57) A bowl mill for producing coarse ground particles has a 
substantially closed body, a bowl assembly, a plurality 
of grinding rolls, and a coarse particle transport 
enabling area. The substantially closed body has an 
interior area. The bowl assembly includes a rotatable 
grinding table mounted for rotation in a direction of 
rotation in the interior area. The grinding table has a 
grinding surface thereon. The plurality of grinding rolls 
are positioned proximate the grinding surface. The 
grinding rolls and the grinding surface define a grinding 
area therebetween. The coarse particle transport 
enabling area is located radially outward from the 
grinding area. The coarse particle transport enabling 
area is configured to allow the coarse particles to freely 
exit the grinding area and to mitigate the coarse 
particles from being circulated back into the grinding 
area.
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VERTICAL. BOWL MILL FOR PRODUCING COARSE GROLS'D PARFRLES

Xs<feksü.Hoä
[Wil] The present invention is directed to a vertical bowl mill for producing coarse ground 

particles, and spore specifically to sueh a vertical bowl mill having a coarse particle tfan'sport 

area located radially outward frein tife grinding area, the coarse·.particle transport area being 

configured. to allow the coarse particles to freely exit the .grinding, area and to mitigate· and/or 

prevent the coarse particles from being circulated back into the grinding area snd to reduce the 

production of fee particles.

[1)002] Various types of grinding mills are t ypicall y employed to grind solid materials such as 

urinerais, litnesinne, gypsum, .phosphate rock, salt, coke, bioirtass and coal into small particles 

for use in a wide range of processes such as for cpnibpstion in furnaces and for chemical 

reactions in reactor systems. There are .many types and configurations of grinding mills 

including ball' stills, roller mills and bowl type vertical grinding .mills. The ball mills typically 

include a horiaoctsl notating cylinder containing a charge of tumbling or cascading balls. The 

roller mills are sometimes referred to as pendulum mills which include a support shaft 

rotationally supported by a bearing housing. One end of the -shaft is coupled to a drive nuit for 

rotating the shaft Au opposing end -of the shaft has a hub mmmied thereto. A plurali ty of arms 

extend from. the hub. Each, of the arms pivotally Supports a .roller journal which has & roller 

.romtingly coupled to an end thereof. The rollers tfemgly engage the grinding ring. During 

opération of the roller mill, centrifugal forces drive the crushing members against the.grinding 

ring. The crushing members pulverise the-solid material against the grinding ring as a result of 

contact with the gri.od.hrg ring,

[BIRD] As. shown in. Efe. I, bowl type vertical grinding mills I foi typically irtelrtfe a body 

portion 110 in which a howl assembly 112 is momtred for rotation. The bowl assembly 112 

includes a grinding table 112T having a wear insert (e.g., a wear resistant liner) 112W secured 

therein. Ute wear insert. 112W defines a grinding surface 1 Iti thereon. Typically, these 

grinding mills 100 include three grinding rollers 1Γ8 each mounted ort a suitably suppotted 

journal 120. The■ grinding rollers 118 interact with the grinding table 112T to effect the grinding
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of material interposed therebetween. After being pulverized, the particles of material are thrown 

outwardly by centrifugal force whereby the particles of material are fed into a stream of air that 

is entering the mill 100. The stream of air with the particles of material entrained therein flows 

into a classifier in which coarse particles of material are rejected from the air stream. These 

rejected coarse material particles are then returned to the grinding table 122T for further 

pulverization, while the fine particles of material are carried through the bowl mill 100 in the air 

stream, and exit along with the air.

[0004] As best shown in FIG. 2, the wear insert 112W is secured to the grinding table 112T with 

a clamp ring 115 located at a radially outward most portion of the grinding table 112T. A dam 

ring 114 extends axially upward from the clamp ring 115. The dam ring 114 is configured to 

prevent particles from being prematurely thrown out of the pulverizing range of the rollers 118 

by centrifugal force created by the rotation of the bowl assembly 112. Thus, the dam ring 114 

has been considered an essential component to ensure proper operation of all bowl mills.

[0005] As shown in FIG. 1, a classifier 122 is positioned on an upper end of the body portion 

110 of the bowl mill 100 within and occupying an interior area defined by a cone 124. The 

classifier 122 may be a static classifier, a dynamic classifier or a hybrid classifier including those 

described in U.S. Patent No. 7,267,293, which issued September 11, 2007. The classifier 122 

operates to effect a further sorting of the particles of material that remain in the air stream. 

Namely, those particles of pulverized material which are of the desired particle size pass through 

the classifier 122 and, along with the air, are discharged from the bowl mill 100 through outlets 

(not shown). Those particles of material which in size are larger than desired, i.e., coarse 

particles, are returned to the bowl assembly 112, via the cone 124, whereupon they undergo 

additional pulverization.

[0006] The prior art bowl mills 100 are generally suitable for producing fine particles, but cannot 

produce coarse particles coarser than 40-50 percent passing 200 mesh. As used herein, the 

percent of material passing a sieve screen refers to the amount of material smaller than that 

particular sieve opening. However, there is a need to produce a larger amount coarser particles 

in certain applications. For example, certain types of sorbents (e.g., limestone for a circulating 

fluidized bed (CFB) boiler) and biomass fuels are required to be ground or pulverized to coarser 

particle sizes such as for example, particles having a fineness of 99 percent passing a 1 or 2mm 

sieve opening. In addition, such sorbents and biomass fuels have limitations on the amount of
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fine particles that are included in the pulverized product. For example, fine particles can be 

limited to 25 percent passing 200 or 325 mesh. For the case of sorbent applications, the fine 

particles can be blown out of the CFB boiler before completely reacting with sulfur. For 

biomass applications, the fine material less than 200 mesh (75pm) is an explosive dust and 

should be limited. Thus, there is a rather narrow range of acceptable particle sizes for certain 

sorbents and biomass fuels. The prior ail bowl mills 100 arc generally not capable of producing 

a large percentage of coarse particles and tend to overgrind the particles. Such overgrinding 

causes an undesired increase in power consumption, a decrease in throughput of the bowl mill 

100, and thus increasing the amount of sorbent usage for the case of sorbent application. 

[0007] Based on the foregoing, there is a need for an improved bowl mill that is configured to 

produce such coarse particles in the acceptable range while limiting the amount of fine particles.

Summary

[0008] In one aspect, the present invention resides in a bowl mill for producing coarse ground 

particles. The bowl mill includes a substantially closed body, a bowl assembly, a plurality of 

grinding rolls, and a coarse particle transport enabling area. The substantially closed body has an 

interior area. The bowl assembly includes a rotatable grinding table mounted for rotation in a 

direction of rotation in the interior area. The grinding table has a grinding surface thereon. The 

plurality of grinding rolls are positioned proximate the grinding surface. The grinding rolls and 

the grinding surface define a grinding area therebetween. The coarse particle transport enabling 

area is located radially outward from the grinding area. The coarse particle transport enabling 

area is configured to allow the coarse particles to freely exit the grinding area and to mitigate 

and/or prevent the coarse particles from being circulated back into the grinding area.

[0009] In one embodiment, the coarse particle transport area is defined by an upwardly facing 

exposed surface on the bowl assembly. In one embodiment, the upwardly facing exposed surface 

is on the grinding table.

[0010] In one embodiment, the bowl mill further includes a wear insert secured to the grinding 

table by a clamp ring that circumferentially surrounds the wear insert. The coarse particle 

transport enabling area is defined by an upwardly facing exposed surface on the clamp ring. 

[0011] In one embodiment, the bowl mill further includes a hollow cone shaped structure 

secured to an upper portion of the body. The hollow cone shaped structure defines a free space
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therein. In one embodiment, the hollow cone shaped structure tapers radially inward in a 

direction of flow therethrough. In one embodiment, the hollow cone shaped structure tapers 

radially outward in a direction of flow therethrough.

[0012] In one embodiment, the bowl mill further includes a mill plow secured to the body. The 

mill plow has a leading edge, a trailing edge, and an angle of incline. The mill plow is positioned 

on a downstream side of one of the plurality of grinding rolls. The leading edge of the mill plow 

faces into the direction of rotation of the rotatable grinding table. The mill plow is configured to 

loosen material that is caked on the grinding surface.

[0013] In another aspect, the present invention resides in a bowl mill for producing coarse 

ground particles. The bowl mill includes a substantially closed body, a bowl assembly, a 

plurality of grinding rolls, and a hollow cone shaped structure. The substantially closed body has 

an interior area. The bowl assembly includes a rotatable grinding table mounted for rotation in a 

direction of rotation in the interior area. The grinding table has a grinding surface thereon. The 

plurality of grinding rolls is positioned proximate the grinding surface. The grinding rolls and the 

grinding surface define a grinding area therebetween.

[0014] In one embodiment, the hollow cone shaped structure tapers radially inward in a direction 

of flow therethrough. In one embodiment, the hollow cone shaped structure tapers radially 

outward in a direction of flow therethrough.

[0015] In another aspect, the present invention resides in a method for controlling particle size in 

a bowl mill. The method includes providing a bowl mill that includes a substantially closed 

body, a bowl assembly, and a plurality of grinding rolls. The substantially closed body has an 

interior area. The bowl assembly includes a rotatable grinding table mounted for rotation in a 

direction of rotation in the interior area. The grinding table has a grinding surface thereon. The 

plurality of grinding rolls is positioned proximate the grinding surface. The grinding rolls and 

grinding surface define a grinding area therebetween. The method further includes transporting 

coarse particles from the grinding area in a coarse particle transport enabling area. The coarse 

particle transport enabling area is configured to allow the coarse particles to freely exit the 

grinding area and to mitigate and/or prevent the coarse particles from being circulated back into 

the grinding area.

[0016] In one embodiment, the method further includes controlling fineness of the particles by 

adjusting air flow through the interior area.
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[0017] In one embodiment, the method further includes controlling fineness of the particles by 

adjusting a speed of the grinding table.

[0018] In one embodiment, the method further includes controlling particle size by adjusting a 

pressure applied to the plurality of grinding rolls.

Brief Description of the Drawings

[0019] FIG. 1 is a partial cross sectional and front view of a prior art bowl mill;

[0020] FIG. 2 is an enlarged view of a portion of a bowl assembly of the prior art bowl mill of 

FIG. 1;

[0021] FIG. 3 is a partial cross sectional and front view of the bowl mill of the present invention; 

[0022] FIG. 4 is a partial cross sectional and front view of another embodiment of the bowl mill 

of the present invention;

[0023] FIG. 5 is an enlarged view of a portion of a bowl assembly of the bowl mill of FIGS. 3 

and 4;

[0024] FIG. 6A is a top view of a mill plow for the bowl mill of the present invention;

[0025] FIG. 6B is a side view of the mill plow of FIG. 6A; and

[0026] FIG. 7 is a top cut away view of the bowl mill of the present invention showing the mill 

plow of FIGS. 6A and 6B mounted thereto.

Detailed Description

[0027] As shown in FIG. 3 a vertical (i.e., as indicated by the arrow V) pulverizing bowl mill for 

producing coarse particles is generally designated by reference numeral 200. The bowl mill 200 

is configured to grind material and produce coarse particles having particle sizes defined by a 

fineness of 99 percent passing a 1 or 2 mm sieve opening and wherein fine particles are limited 

to 25 percent passing 200 or 325 mesh. The bowl mill 200 includes a substantially closed body 

210. A bowl assembly 212 is mounted on a shaft (not shown), which in turn is operatively 

connected to a suitable drive mechanism (not shown) configured to rotatably drive the bowl 

assembly 210. A plurality of grinding rolls 218, for example three grinding rolls as shown in 

FIG. 7, are each suitably supported within an interior of the body 210 by an associated journal 

assembly 220 so as to be equidistantly spaced one from another around the circumference of the 

body 210. In the interest of maintaining clarity of illustration in the drawing, only one such 

grinding roll 218 and journal assembly 220 have been shown in FIG. 3. Each of the grinding
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rolls 218 are positioned proximate to a grinding surface 216, 316 (as shown in FIG. 4), for 

example, spaced apart from the grinding surface 216, 316 by a gap G, as shown in FIG. 5. The 

gap G defines a minimum bed depth for a grinding area 229, 329 as shown in FIG. 5 in which the 

material to be pulverized is ground into the coarse particles. The magnitude of the gap G is 

selected depending on the physical properties of the material to be pulverized and can be 0.25 

inches, 0.5 inches 0.75 inches or any other suitable magnitude. A feed chute 271 extends 

through the body 210 to provide a conduit for supplying material to be ground to the grinding 

surface 216, as shown in FIG. 7.

[0028] As shown in FIG. 3, a hollow cone 230 (e.g., a hollow conical shaped structure, vessel or 

conduit) is mounted to a top portion 210T (e.g., upper or uppermost in the direction of the arrow 

V) of the body 210. The cone 230 defines a free space therein that is absent any structures such 

as the prior art classifiers. The cone 230 provides a conduit or path for transport of the 

pulverized coarse particles to flow through as the coarse particles exit the bowl mill 200. The 

cone 230 defines an angle Θ relative to the vertical direction V such that the cone 230 tapers 

radially inward in the direction of the air flow as shown by the arrow V (e.g., an inverted cone). 

The angle Θ is predetermined to establish a once through grinding operation with no returns of 

coarse ground particles to the bowl assembly 212. After being pulverized, the coarse particles of 

material are thrown outwardly by centrifugal force towards the body 210 whereby the particles 

of material are fed into a stream of air that enters the mill 200 via suitable ducting (not shown). 

The stream of air with the coarse particles of material entrained therein flows into the cone 230 

where the coarse particles are accelerated through the bowl mill 200 in the air stream, and exit 

along with the air. While the angle θ is described as being predetermined to establish a once 

through grinding operation with no returns of coarse ground particles to the bowl assembly 212, 

the present invention is not limited in this regard as the angle θ may be of other magnitudes to 

allow no more than 10 percent of the coarse particles to return the bowl assembly 212. The 

inventors have discovered that the bowl mill 200 having the cone 230 mounted to the top portion 

210T of the body 210 has particular utility in producing coarse particles having high density such 

as limestone.

[0029] In one embodiment, the angle θ is from 0 to 20 degrees.

[0030] In one embodiment, the cone 230 has a cylindrical transition portion 230T mounted 

proximate an outlet 231 of the cone 230.
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[0031] As shown in FIG. 4 a vertical (i.e., as indicated by the arrow V) pulverizing bowl mill for 

producing coarse particles is generally designated by reference numeral 300. The bowl mill 300 

is configured similar to the bowl mill 200. Therefore, similar elements are assigned similar 

reference numbers wherein the leading digit “2” is replaced by the number “3”. The bowl mill 

300 is configured to grind material and produce coarse particles having particle sizes defined by 

a fineness of 99 percent passing a 1 or 2mm mesh and wherein fine particles are limited to 25 

percent passing 200 or 325 mesh. The bowl mill 300 includes a substantially closed body 310. 

A bowl assembly 312 is mounted on a shaft (not shown), which in turn is operatively connected 

to a suitable drive mechanism (not shown) configured to rotatably drive the bowl assembly 310. 

A plurality of grinding rolls 318, for example three grinding rolls as shown in FIG. 7, are each 

suitably supported within an interior of the body 310 by an associated journal assembly 320 so as 

to be equidistantly spaced one from another around the circumference of the body 310. In the 

interest of maintaining clarity of illustration in the drawing, only one such grinding roll 318 and 

journal assembly 320 have been shown in FIG. 4. A feed chute 371 extends through the body 

310 to provide a conduit for supplying material to be ground to the grinding surface 316, as 

shown in FIG. 7.

[0032] As shown in FIG. 4, a hollow cone 330 is mounted to a top portion 310T of the body 310. 

The cone 330 defines a free space therein that is absent any structures such as the prior art 

classifiers. The cone 330 provides a conduit or path for transport of the pulverized coarse 

particles to flow through as the coarse particles exit the bowl mill 300. The cone 330 defines an 

angle δ relative to the vertical direction V such that the cone 330 tapers radially outward in the 

direction of the air flow as shown by the arrow V. The angle δ is predetermined to provide more 

volume for the low density material like biomass and also establish a grinding operation that 

coarse ground particles such as over 1 mm fall out and drop to the bowl assembly 312. After 

being pulverized, the coarse particles of material are thrown outwardly by centrifugal force 

towards the body 310 whereby the particles of material are fed into a stream of air that enters the 

mill 300 via suitable ducting (not shown). The stream of air with the coarse particles of material 

entrained therein flows into the cone 330 where the coarse particles are flow through the bowl 

mill 300 in the air stream, and exit along with the air. While the angle δ is described as being 

predetermined to establish a grinding operation that coarse ground particles such as over 1 mm 

fall out and drop to the bowl assembly 312, the present invention is not limited in this regard as
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the angle δ may be of other magnitudes to allow particles bigger than such as 1 mm to drop out. 

The inventors have discovered that the bowl mill 300 having the cone 330 mounted to the top 

portion 310T of the body 310 has particular utility in producing coarse particles having relative 

low densities compared to limestone, such as for example, biomass fuels.

[0033] In one embodiment, the angle δ is from 0 to 15 degrees.

[0034] In one embodiment, the cone 330 has a cylindrical transition portion 330T mounted 

proximate an outlet 331 of the cone 330.

[0035] Referring now to FIG. 5, a portion of either of the bowl mills 200 or 300 is shown in an 

enlarged view for clarity. The bowl assemblies 212 and 312 each include a grinding table 212T, 

312T, respectively. Each of the grinding tables 212T and 312T have a wear insert 212W, 312W, 

respectively, secured therein. Each of the wear inserts 212W and 312W define the grinding 

surface 216, 316, respectively, thereon. Each of the wear inserts 212W and 312W is secured to 

the respective grinding table 212T, 312T with a clamp ring 215, 315, respectively, that 

circumferentially surrounds the respective wear insert 212W, 312W and is located at a radially 

outward most portion of the grinding table 212T, 312T. Each of the wear inserts 212W and 

312W have a wedge portion 213, 313, respectively, formed on one end thereof. Each of the 

wedge portions 213, 313 is pressed into a respective groove 213G, 313G formed in the 

respective grinding table 212T, 312T. An opposing end 217, 317 of the respective wear insert 

212W, 312W abuts a respective abutment surface 215B, 315B of the clamp ring 215, 315, 

respectively, to force the wear insert 212W, 312W into the respective groove 213G, 313G. Each 

of the clamp rings 215, 315 is secured to the respective grinding table 212T, 312T by suitable 

fasteners, 219, 319, respectively.

[0036] The grinding table 212T, 312T defines a coarse particle transport enabling area 233, 333 

that enables the coarse particles exit the grinding areas 229 and 329 unimpeded. The coarse 

particle transport enabling area 233, 333 is located radially outward from the grinding area 229, 

329. In one embodiment, the coarse particle transport enabling area 233, 333 is defined by an 

upwardly facing (i.e., in the direction of the arrow V) exposed surface 215E, 315E on the bowl 

assembly 212, 312, for example, formed on the respective clamp ring 215, 315. The exposed 

surfaces 215E and 315E are configured to allow the coarse particles to freely exit the grinding 

area 229, 329 and to mitigate and/or prevent the coarse particles from being circulated back into

8
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the grinding area 229, 329 by an impeding structure, such as the prior art dam ring 114, as shown 

in FIG. 2. Thus, the coarse particles exit the grinding areas 229 and 329 unimpeded.

[0037] While the coarse particle transport enabling area 233, 333, is shown and described in one 

embodiment as being defined by the upwardly facing exposed surface 215E, 315E formed on the 

respective clamp ring 215, 315, the present invention is not limited in this regard as other 

configurations of the particle transport enabling area may be employed including but not limited 

to a grinding table having an upwardly facing exposed surface configured to allow the coarse 

particles to freely exit the grinding area 229, 329 without being circulated back into the grinding 

area 229, 329; a castellated or segmented dam ring secured to the clamp ring and having 

circumferential openings configured to allow the coarse particles to freely exit the grinding area 

229, 329 without being circulated back into the grinding area 229, 329 and/or a location of and 

edge of the grinding rolls 218, 318 proximate a radially outermost portion of the grinding table 

212T, 312T.

[0038] In one embodiment, the grinding table 212T and/or 312T has an air flow vane wheel 221, 

321 mounted to a radially outward facing circumferential surface thereof for establishing air flow 

rates and velocities, as indicated by the arrow AF in an annular area 222, 322 between the 

respective grinding table 212T, 312T and the body 210, 310, respectively. The air flow vane 

wheel 221, 321 is positioned sufficiently radially outward from the respective grinding table 

212T, 312T so as not to impede the coarse particles from exiting the grinding areas 229 and 329 

and not to interfere with the coarse particle transport enabling area 233, 333.

[0039] As shown in FIGS. 6A, 6B and 7, in one embodiment, the bowl mill 200 and/or 300 

includes at least one mill plow 250, 350 secured to the body 210, 310 by a bracket 252, 352. The 

mill plow 250, 350 loosens up any material that is caked on the grinding surface 216,316. Once 

the caked material has been loosened by the mill plow 250, 350, the air stream will remove the 

loosened material that is sufficiently ground. The loosened material that has not been sufficiently 

ground will remain on the grinding surface 216, 316. Due to the loosening, the remaining 

material will have a new angle of contact with the grinding rolls 218, 318, providing for grinding 

to produce the coarse particles.

[0040] As shown in FIG. 6B, the mill plow 250, 350 has a wedge shape defined by an angle of 

incline μ. In one embodiment, the angle of incline μ is 10 to 30 degrees. The mill plow 250, 350 

has a first width W1 approximately half of a second width W2 of each grinding roll 218, 318.
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The mill plow 250, 350 is located in between two grinding rolls 218, 318, as shown best in FIG. 

7. When multiple mill plows 250, 350 are utilized, each mill plow 250, 350 is located between a 

different pair of grinding rolls 218, 318. The mill plow 250, 350 is preferably replaceable and 

made of a wear resistant material, such as Nihard ® (Nihard ® is a registered trademark of Bales 

Mold Service, Inc, Illinois, United States), although any wear resistant material having the 

requisite qualities could be utilized as desired. While the mill plow 250, 350 is shown and 

described as having a wedge shape, the present invention is not limited in this regard as other 

configurations and shapes may be employed including but not limited to, a rod or a bar so long 

as the mill plow 250, 350 is still capable of performing its intended function in accordance with 

the present invention.

[0041] The mill plow 250, 350 is preferably located close to an edge 212E, 312E of the grinding 

table 212T, 312T, respectively and in the path of the grinding rolls 218, 318 with a leading edge 

250E, 350E oriented opposite the direction of rotation (R1 in FIG. 7) of the bowl assembly 212, 

312. The mill plow 250, 350 is located proximate to the grinding table 212T, 312T such that 

compacted material on the grinding table 212T, 312T is disturbed, i.e, plowed, by the mill plow 

250, 350, respectively. Preferably, the mill plow 250, 350 is not in contact with the grinding 

table 212T, 312T or the grinding surface 216, 316 of the bowl assembly 212,312.

[0042] The present invention further includes a method for controlling particle size in a bowl 

mill 200, 300. The method includes providing a bowl mill 200, 300 comprising a substantially 

closed body 210, 310 having an interior area. The bowl mill 200, 300 includes a bowl assembly 

212,312 that includes a rotatable grinding table 212T, 312T mounted for rotation in a direction 

of rotation in the interior area. The grinding table 212T, 312T defines a grinding surface 216, 

316 thereon. A plurality of grinding rolls 218, 318 are positioned proximate the grinding surface 

216, 316. The grinding rolls 218, 318 and the grinding surface 216, 316 defining a grinding area 

229, 329 therebetween. The method includes controlling particle size by adjusting a pressure 

applied to the plurality of grinding rolls 218, 318. In one embodiment, the method includes 

controlling fineness of the particles by adjusting air flow through the interior area. In one 

embodiment, the fineness of the particles is controlled by adjusting a speed of the grinding table.
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Example

[0043] Applicant has conducted testing and experimentation to determine the effect on particle 

fineness, capacity and power as a result of employing the a coarse particle transport enabling 

area 233, 333 located radially outward from the grinding area 239, 329 in the bowl mill 200, 300. 

The results of the three of the tests (i.e., Tests A, B and C) are summarized in Table 1, below. 

Tests A and B were performed using a 100 psi grinding roll pressure and an air flow rate of 

5000 cubic feet per minute and the material that was ground in the mill was limestone from the 

USA. Test C was performed using a 200 psi grinding roll pressure and an air flow rate of 4000 

cubic feet per minute and the material that was ground in the mill was limestone from Mexico.

Table 1

Test

Run

Dam Ring

114

Bed Depth 

(Element G 

on FIG. 5 

(mm))

Throughput

(lb/hr)

Total Power

(kW-hr/ton)

Percent 

passing 

75pm/

Percent 

passing 

45pm

Percent

passing 2mm/

Percent

passing 1mm

Test A

Prior art bowl

mill 100

1.5” Tall 21 2540 12.9 59.2/52.5 100/99.9

Test B

Bowl Mill 

200 of the 

present 

invention

Removed 3 5710 5.8 30.2/24.7 99.9/99.1

TestC

Bowl Mill 

200 of the 

present 

invention

Removed 21 5700 7.8 21.9/17.0 99.9/98.8
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[0044] Test A was the baseline test and employed a prior art bowl mill 100 having a 1.5 inch 

high dam ring 114. For Test A, the prior art bowl mill 100 employed a bed depth G of 21 mm. 

For Test A, 59.2 percent of the particles were passing a 75 μm sieve (i.e., 200 mesh) and 52.5 

percent of the particles were passing a 45 μm sieve (i.e., 325 mesh); and 100 percent of the 

particles were passing a 2mm sieve and 99.9 percent of the particles were passing a 1mm sieve. 

In Test A, the prior art bowl mill 100 demonstrated a throughput of 2540 lb/hr; and required 12.9 

kW-hr/ton total power to operate.

[0045] For Test B, no dam ring was employed in the bowl mill 200. For Test B, the bowl mill 

200 employed a bed depth G of 3 mm. For Test B, 30.2 percent of the particles were passing a 

75 μm sieve (i.e., 200 mesh) and 24.7 percent of the particles were passing a 45 μm sieve (i.e., 

325 mesh); and 99.9 percent of the particles were passing a 2mm sieve and 99.1 percent of the 

particles were passing a 1mm sieve. In Test B, the bowl mill 200 demonstrated a throughput of 

5710 lb/hr; and required 5.8 kW-hr/ton total power to operate.

[0046] For Test C, no dam ring was employed in the bowl mill 200. For Test C, the bowl mill 

200 employed a bed depth G of 21 mm. For Test C, 21.9 percent of the particles were passing a 

75 μm sieve (i.e., 200 mesh) and 17.0 percent of the particles were passing a 45 μm sieve (i.e., 

325 mesh); and 99.9 percent of the particles were passing a 2mm sieve and 98.8 percent of the 

particles were passing a 1mm sieve. In Test C, the bowl mill 200 demonstrated a throughput of 

5700 lb/hr; and required 7.8 kW-hr/ton total power to operate.

[0047] Although this invention has been shown and described with respect to the detailed 

embodiments thereof, it will be understood by those of skill in the art that various changes may 

be made and equivalents may be substituted for elements thereof without departing from the 

scope of the invention. In addition, modifications may be made to adapt a particular situation or 

material to the teachings of the invention without departing from the essential scope thereof. 

Therefore, it is intended that the invention not be limited to the particular embodiments disclosed 

in the above detailed description, but that the invention will include all embodiments falling 

within the scope of the appended claims.
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1. broyeur à cuve tournante pour produire de

particules broyées grossiêresf le broyeur â cuve tournante

comp re ne nt. î

UU corps sensiblement famé ayant uns; zone intérinure

& ns en b le d e eu v e t ou r n a n te c emp r e ua ut. une table il s
broyage rotative montée pour tourner dans uns direct lors de

rota tisse dans la zone Intérieure, la table de broyage ayant

une surface de broyage sur cette dernière ;

/

une plu ra1i té d e rouleaux de broyage positionnés à
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la zone permettant le transport des particules 
grossières étant définie par une surface exposée orientée 
vers le haut sur la bague de serrage.

5. Broyeur à cuve tournante selon la revendication 1, 
comprenant en outre :

une structure creuse en forme de cône fixée sur une 
partie supérieure du corps ; et

la structure creuse en forme de cône définissant un 
espace libre à l'intérieur de cette dernière.

6. Broyeur à cuve tournante selon la revendication 5, 
dans lequel la structure creuse en forme de cône se rétrécit 
progressivement radialement vers l'intérieur dans une 
direction d'écoulement à travers cette dernière.

7. Broyeur à cuve tournante selon la revendication 5, 
dans lequel la structure creuse en forme de cône se rétrécit 
progressivement radialement vers l'extérieur dans une 
direction d'écoulement à travers cette dernière.

8. Broyeur à cuve tournante selon la revendication 1, 
comprenant en outre :

un racleur de broyeur fixé sur le corps, le racleur de 
broyeur ayant un bord d'attaque, un bord de fuite, un angle 
d'inclinaison, le racleur de broyeur étant positionné sur un 
côté en aval de l'un de la pluralité de rouleaux de broyage ; 
et

dans lequel le bord d'attaque dudit racleur de broyeur 
est orienté dans la direction de rotation de la table de 
broyage rotative, et ledit racleur de broyeur étant configuré 
pour décoller le matériau qui est agglutiné sur la surface de 
broyage.

9. Broyeur à cuve tournante pour produire des particules 
broyées grossières, le broyeur à cuve tournante comprenant :

un corps sensiblement fermé ayant une zone intérieure ;
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un ensemble de cuve tournante comprenant une table de 
broyage rotative montée pour tourner dans une direction de 
rotation, dans la zone intérieure, la table de broyage ayant 
une surface de broyage sur cette dernière ;

une pluralité de rouleaux de broyage positionnés à 
proximité de la surface de broyage, les rouleaux de broyage
et la surface de broyage définissant une zone de broyage
entre eux ;

une structure creuse en forme de cône fixée sur une
partie supérieure du corps ; et

la structure creuse en forme de cône définissant un
espace libre à 1'intérieur de cette dernière.

10. Broyeur à cuve tournante selon la revendication 9, 
dans lequel la structure creuse en forme de cône se rétrécit 
progressivement radialement vers l'intérieur dans une 
direction d'écoulement à travers cette dernière.

11. Broyeur à cuve tournante selon la revendication 9, 
dans lequel la structure creuse en forme de cône se rétrécit 
progressivement radialement vers l'extérieur dans une 
direction d'écoulement à travers cette dernière.

12. Broyeur à cuve tournante selon la revendication 9, 
comprenant en outre :

un racleur de broyeur fixé sur le corps, le racleur de 
broyeur ayant un bord d'attaque, un bord de fuite et un angle 
d'inclinaison, le racleur de broyeur étant positionné sur un 
côté en aval de l'un de la pluralité de rouleaux de broyage ; 
et

dans lequel le bord d'attaque dudit racleur de broyeur 
est orienté dans la direction de rotation de la table de 
broyage rotative, et ledit racleur de broyeur étant configuré 
pour décoller le matériau qui est agglutiné sur la surface de 
broyage.
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comprenant en outre une zone permettant le transport des
particules grossières située radialement à l'extérieur de la
zone de broyage, la zone permettant le transport des
particules grossières étant configurée pour permettre aux
particules grossières de sortir librement de la zone de
broyage et d ' atténuer
soient ramenées dans la zone de broyage.

14. Broyeur à cuve tournante selon la revendication 13, 
dans lequel la zone permettant le transport des particules 
grossières est définie par une surface exposée orientée vers 
le haut sur l'ensemble de cuve tournante.

15. Broyeur à cuve tournante selon la revendication 13, 
dans lequel la surface exposée orientée vers le haut est sur 
la table de broyage.

16. Broyeur à cuve tournante selon la revendication 13, 
comprenant en outre un insert d'usure fixé sur la table de 
broyage par une bague de serrage entourant 1'insert d'usure ; 
et

la zone permettant le transport des particules 
grossières étant définie par une surface exposée orientée 
vers le haut sur la bague de serrage.

17 . Procédé pour contrôler la taille particulaire dans 
un broyeur à cuve tournante, le procédé comprenant les étapes 
consistant à :

prévoir un broyeur à cuve tournante comprenant un corps 
sensiblement fermé ayant une zone intérieure, un ensemble de 
cuve tournante comprenant une table de broyage rotative 
montée pour tourner dans une direction de rotation dans la 
zone intérieure, la table de broyage ayant une surface de 
broyage sur cette dernière, une pluralité de rouleaux de 
broyage positionnés à proximité de la surface de broyage, les
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rouleaux de broyage et la surface de broyage définissant une 
zone de broyage entre eux ; et

transporter des particules grossières de la zone de 
broyage dans une zone permettant le transport des particules 
grossières, la zone permettant le transport des particules 
grossières permettant aux particules grossières de sortir 
librement de la zone de broyage et d'atténuer le fait que les 
particules grossières ne soient pas ramenées dans la zone de 
broyage.

18. Procédé selon la revendication 17, comprenant en 
outre l'étape consistant à :

contrôler la finesse des particules en ajustant 
l'écoulement d'air à travers la zone intérieure.

19. Procédé selon la revendication 17, comprenant en 
outre l'étape consistant à :

contrôler la finesse des particules en ajustant une 
vitesse de la table de broyage.

20. Procédé selon la revendication 17, comprenant 
l'étape consistant à :

contrôler la taille particulaire en ajustant une
pression appliquée sur la pluralité des rouleaux de broyage.
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Abstract

A bowl mill for producing coarse ground particles has a substantially closed body, a bowl 

assembly, a plurality of grinding rolls, and a coarse particle transport enabling area. The 

substantially closed body has an interior area. The bowl assembly includes a rotatable grinding 

table mounted for rotation in a direction of rotation in the interior area. The grinding table has a 

grinding surface thereon. The plurality of grinding rolls are positioned proximate the grinding 

surface. The grinding rolls and the grinding surface define a grinding area therebetween. The 

coarse particle transport enabling area is located radially outward from the grinding area. The 

coarse particle transport enabling area is configured to allow the coarse particles to freely exit the 

grinding area and to mitigate the coarse particles from being circulated back into the grinding 

area.
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Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step, or to be 
industrially applicable have not been examined in respect of

□ the entire application

El claims Nos. 9-16(completely); 17-20(partially)

because:

□ the said application, or the said claims Nos. relate to the following subject matter which does not require 
a search (specify):

□ the claims, the description or the drawings or said claims Nos. are so unclear that no meaningful opinion 
could be formed (specify):

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
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□ a meaningful opinion could not be formed as the sequence listing was either not available, or was not 
furnished in the international format (WIPO ST25).

□ a meaningful opinion could not be formed without the tables related to the sequence listings; or such tables 
were not available in electronic form compliant with he international norm (WIPO ST.25).

® See Supplemental Box for further details

Box No. IV Lack of unity of invention

1. The requirement of unity of invention is not complied with for the following reasons:

see separate sheet

2. This opinion has been established in respect of the following parts of the application:

□ all parts.

□ the parts relating to claims Nos. (see Search Report)
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No: Claims 1 -8(completely) ; 17-20 (part ially)
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2. Citations and explanations

see separate sheet

Box No. VIII Certain observations on the application
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Re Item III

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability

No opinion for claims 9-16 and (partially 17-20) is established since no search 
report is available for these claims.

Re Item IV

Lack of unity of invention

It is considered that there are 2 inventions covered by the claims indicated as 
follows:

Invention 1: claims: 1-8(completely); 17-20(partially)
Invention 2: claims: 9-16(completely); 17-20(partially)

The reasons for which the inventions are not so linked as to form a single 
general inventive concept, are as follows:

Claim 1 and claim 9 include the following common matter:

A bowl mill for production coarse ground particles, the bowl mill comprising: 
a substantially closed body having an interior are;
a bowl assembly comprising a rotatable grinding table mounted for rotation in 
a direction of rotation in the interior area, the grinding table having a grinding 
surface thereon;
a plurality of grinding rolls positioned proximate the grinding surface, the 
grinding rolls and the grinding surface defining a grinding area therebetween;

These features are however known in combination from EP2764922 as shown 
in fig. 1 of D1 :

A bowl mill for production coarse ground particles (see fig. 1 ), the bowl mill 
comprising:
a substantially closed body 13 having an interior area (seen on fig.1);
a bowl assembly comprising a rotatable grinding table 14 mounted for rotation 
in a direction of rotation in the interior area, the grinding table having a 
grinding surface (see par.44) thereon;
a plurality of grinding rolls positioned proximate the grinding surface 16, the 
grinding rolls and the grinding surface defining a grinding area therebetween;

Form LU237-3 (separate sheet) (January 2007) (sheet 1)
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Since the above common matter is already anticipated by the prior art it has 
no inventive character and cannot hence in combination with the remaining 
features of either claim 1 or claim 9 render the subject-matter of these claims 
inventive. Consequently the single common general concept of claims 1 and 9 
as defined by the above common matter is not inventive and cannot hence 
link the inventions defined by separate claims 1 and 9.

Re Item V

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement

1 Prior art
D1 : EP2764922
D2: CN103567019
D3: US2006255195
D4: GB2187657

2 Claim 1

D1 discloses a bowl mill for for milling biomass solids to fine powder (see fig.
1),  the bowl mill comprising:
a substantially closed body 13 having an interior area (seen on fig.1);
a bowl assembly comprising a rotatable grinding table 14 mounted for rotation 
in a direction of rotation in the interior area, the grinding table having a 
grinding surface (see par.44) thereon;
a plurality of grinding rolls positioned proximate the grinding surface 16, the 
grinding rolls and the grinding surface defining a grinding area therebetween.

Claim 1 requires that the bowl mill is for producing coarse ground particles. 
The coarse particles are considered to include also fine powder since from the 
term "coarse" no size of particles whatsoever is derivable. Hence the wording 
"for producing coarse ground particles" has not got any capability to 
distinguish the subject-matter of claim 1 from the mill of D1.

Claim 1 further requires that "a coarse particle transport enabling area located 
radially outward from the grinding area, the coarse particle transport enabling 
area being configured to allow the coarse particles to freely exit the grinding 
area and to mitigate the coarse particles from being circulated back into the 
grinding area". This wording merely indicates desired technical effects. Since 

Form LU237-3 (separate sheet) (January 2007) (sheet 2)
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claim 1 does not define any technical means which enable that the above 
technical effects are achieved, this wording is not capable to distinguish the 
subject-matter of claim 1 over the mill as disclosed in D1. Consequently since 
all the technical features are disclosed in D1, the subject-matter of claim 1 is 
anticipated by D1 and is hence not new.

3 Claims 2-8

Features of claims 2-4 are standard features in this field. The surface on the 
bowl assembly defined in claims 2,3,4 is anticipated by D1 (see 14 and 14b). 
Also D2 discloses a clamping ring according to claim 4 (see 10 in fig.1). 
Hence the subject-matter of claims 2,3,4 is not new.

Features of claim 5-7 are anticipated by D1, which includes two cone-shaped 
casing structures, one tapering radially inwards, another one tapering radially 
outwards (see fig.3). The subject-matter of claims 5-7 is therefore not new.

Features of claim 8 is standard solution for loosening the compacted bed on 
the grinding table see D3 (see 185 in fig.3,4). The subject-matter of claim 8 ist 
therefore obvious for the skilled man.

4 Claim 17

D1 discloses a method for controlling particle size in a bowl mill, the method 
comprising:

- providing a bowl mill for for milling biomass solids to fine powder (see fig. 1 ), 
the bowl mill comprising:
a substantially closed body 13 having an interior area (seen on fig. 1 );
a bowl assembly comprising a rotatable grinding table 14 mounted for rotation 
in a direction of rotation in the interior area, the grinding table having a 
grinding surface (see par.44) thereon;
a plurality of grinding rolls positioned proximate the grinding surface 16, the 
grinding rolls and the grinding surface defining a grinding area therebetween;
- transporting coarse particles from the grinding area in a coarse particle 
transport enabling area (see paragraph 49-54).

Claim 1 additionally requires that, the coarse particle transport enabling area 
allowing the coarse particle to freely exit the grinding area and to mitigate the 
coarse particles from being circulated back into the grinding area.
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These underlined features as already stated in point 2 are not clear enough to 
distinguish the subject-matter of claim 17 over D1.

Accordingly all features of claim 17 are anticipated by D1, for which reason 
the subject-matter of claim 17 is not new.

5 Claims 18-20

Paragraphs 49 and 50,59 of D1 disclose regulation of the air flow to affect 
particle size, hence claim 18 is anticipated by D1.

Lines 11-24 on p.1 of D4 disclose that contact pressure, disk speed affect 
grain size, hence claims 19,20 are anticipated by D4.

6 Re Item VIII
Certain observations on the application

Claims 1,17 does not meet the requirement of clarity because the matter for 
which protection is sought is not clearly defined. The claim attempts to define 
the subject-matter in terms of the result to be achieved, which merely amounts 
to a statement of the underlying problem, without providing the technical 
features necessary for achieving this result.
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