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MEANS AND METHODS OF SUPPLYING HEAT

TO GRINDING MILLS

Robert 3. Russell and Harlowe Hardinge, York, Pa,, as-
signors to Hardinge Company, Inc., York, Pa., a corpo-
ration of New York
Filed Nov. 12, 1959, Ser. No. 852,507
14 Claims. (CL 241—17)

The present invention relates to a plurality of different
embodiments of means and methods of supplying heat to
grinding mills, and more particularly to grinding mills
and systems which reguire a relatively large opening to
introduce the feed thereto and where the feed sizes are
above average, especially when applied to autogenous
grinding mills wherein so-called run-of-the-mine size feeds
are introduced to the mill.

Heretofore, the feeding of material to be ground to
grinding mills and particularly autogenous grinding mills
has. introduced serious probiems in regard to. attempting
to avoid or minimize the introduction of unwanted cold
air at the feed entrance of the mill. Where the amount
of material to be ground is relatively large with relation
to the size of the grinding mill and the heated air fequire-
ments are appreciable to dry the material during the
grinding operation, high inlet temperatures are usually
necessary. Heretofore, a system of this nature introduced
the heated air by drawing in the hot air under suction at
the feed end. Unless a suitable airlock system was pro-
vided, to. exclude cold air from entering the space pro-
vided for the material being fed, a considerable quantity
of cold air would also enter the mill. This is objection-
able, as it increases the overall air requirements and
velocities in the system. When large feed sizes are en-
countered, this practice entails sericus ccnsequences, since
providing suitable airlocks for coarse feeds is bulky, cum-
bersome and costly.

It is well known in the art of so-called dry grinding
that capacity is increased with an increase in dryness of
the material. Some materials, such as coal, can be ground
in the so-called “dry state” with but minor effsct cn ca-
pacity when the surface moisture in the material is in
the order of 3 to 5%, for example. Other materials, how-
ever, such as some types of limestone, if exceeding 1%
in surface moisture will tend to pack in the mill and
grinding will cease entirely unless the moisture is re-
moved and reduced in some cases in the order of 0.25%.
As a still further example, in regard to handling material
such as iron ore which is heavy, and where the product
need not be exceedingly fine, capacity for a given size of
mill is relatively high but so also is the weight of water
in the ore which must be evaporated before and during
the grinding operation to obtain satisfactory results from
the grinding system.

The principal object of the present invention is to ob-
viate the difficulties referred to hereinabove by providing
means to supply heat to grinding mills in a manner to per-
mit a greater degree of flexiblity of operation of the mill,
eliminate or minimize and control the infroduction of
cold or auxiliary zir at the inlet or feed end of the mill,
and enable the overall mill operation to be controlled
in a simpler and more stable manner than has been pos-
sible heretofore.

Another object of the invention is to provide heating
and drying mechanism which will remove moisture from
damp material efficiently as it is being ground so as to
improve the efficiency of the grinding operation.

A further object of the invention is to supply heat tc a
mill at higher tempsratures than has heretofore been
possible without injury to the apparatus, thereby to ob-
tain more efficient operation and use less air in the mill
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system, with attendant lower velocity and maintenance
costs than has been possible heretofore.

Still another object of the invention is to provide a
heating system for mills requiring less overall power to
operate the same than heretofore, such heating means
employing an air system which requires less power to
operate as a result of better application of the power and
handling of hot air in the system, as well as better han-
dling of the total air in the grinding circuit and system
and in the exhaust or duct-filier system, since each com-
ponent or section of the circuit or system may be supplied
with its own means controlling the handiing of air in each
component or section to the best advantage for the ever-
all system.

A still further object of the invention is to provide a
plurality of embodiments of heating systems for grinding
mills of different types in which the control and handling.
of heated air within the mill system is accomplished effi-
ciently by durable and relatively simple apparatus capable
of achieving the objeciives set forth hereinabove, the
specific arrangement of heating system and air conmtrol
and circulating arrangement for each individual mill being
such as to produce maximum efficiency for a particular
type of mill with which it is associated in accordance with
the individual disclosures set forth hereinafter and illus-
trated in the accompanying drawings.

In the drawings:

FiIG. 1 is a diagrammatic vertical elevation, partly in
section, illustrating details of one embodiment of grinding
mill with which a heating and air control system is em-
ployed which incorperates principles of the present inven-
tion.

FIG. 2 is a diagrammatic vertical elevation, partly in

ection, showing still ancther type of mill similar to that
itlustrated in FIG. 1 but employing different types of
heating and ajr circulation means from that illustrated in
FIG. 1.

FIG. 3 is a diagrammatic vertical elevation, partly in
section, showing a somewhat different type of grinding
mill from that illustrated in FIGS. 1 and 2 and also em-
bodying heating and reverse current air circulation means
which are different from those employed in the embodi-
ments ilfustrated in FIGS. 1 and 2.

FIG. 4 is a diagrammatic vertical elevation, partly in
section, showing a still different type of mill with which
a further type of heating and air circulation means is
employed from those illustrated in the preceding figures.

FIG. 5 is a diagrammatic vertical elevation, partly in
section, and illustrating still another type of mill with
which other types of heating and air circulation means
are employed from those illustrated in the preceding fig-
ures and employing reverse currents.

FIG. 6 is a diagrammatic vertical elevation, partly in
section, and illustrating still another type of mill with
which other types of heating and air circulation means
are employed from those shown in the preceding figuras.

Although a number of different embodiments of mills,
heating systems, and air circulation means are iilustrated
in the various figures of the drawings, it will be seen
that, in general, certain basic principles: are incorporated
in all of said various embodiments in accordance with the
principles of the present invention. Although the various
embodiments illustrated in the drawings and described
hereinafter employ similar basic principles of the in-
vention, it is to be understood that said embodiments are
not equivalents of each other since the same have different
operational characteristics and details which are not
identical, whereby the different embodiments are intended
to have maximum efficiency in association with the par-
ticular mills and arrangements with which they are com-
bined as described hereinafter.
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Referring to the first embodiment which is illustrated
principally in FIG. 1, the mill 10 is mounted for rotation
on trunnions 12 at opposite ends thereof, said mill being of
the autogenous grinding type, where the material to be
ground actually grinds itself, said mill preferably having a
diameter materially greater than the axial length of the
grinding compartment of the mill. A chute feeder 14
extends upwardly and outwardly from the entrance end
of 16 of the mill, to receive incoming material such as
ore 18 from a feed conveyor 20. Some of the material 18
under normal circumstances will be very coarse, which
makes it necessary to provide a relatively large feed open-
ing 22 through the chute feeder 14.

Unless provision is made in some manner to prevent the
entrance of outside cold air through the feed opening 22,
the overall efficiency of the operation of the mill and
system would be considerably reduced. However, in ac-
cordance with the principles of the present invention,
rather than use a bulky, cumbersome, and costly air lock
system or the like, reference to which has been made here-
inabove, the present invention encompasses the use of a
means and method of balancing the air pressure at the
feed end of the mill so that it may be above, equal to, or
below atmospheric, at the will of the operator. Further-
more, the system also comprises means for maintaining
and controlling the air flow, when changes occur result-
ing from such variables among others as change in feed
rate, feed size, moisture content, ambient temperature,
humidity, and the like, which conditions when encountered
heretofore have caused inefficient operation under a com-
bination of variables unless elaborate precautions were
taken to prevent air leakage at the feed end. In the in-
stant invention, the air classifying, conveying and drying
circuit includes a unique method of introducing the hot
gases under pressure, in the desired quantity and tempera-
ture as well as pressure, to balance or compensate for the
moisture-laden gases exhausted from the system, details
of which will be described hereinafter.

In operating grinding systems of this nature herein-
before, it has been the usual practice to introduce the hot
gases by means of placing the milling and classifying
system under a partial vacuum and thus cause a “suction”
effect on the hot air heater to draw in the hot gases neces-
sary to dry the material undergoing reduction. The net
result is that cold air was also caused to be drawn in from
the outside to enter any point which was connected with
the outside, whether at the feed end or at other points
in the system such, for example, as at the product outlet
where an air gap between the rotating joints of the sta-
tionary and moving portions of the mill may be appre-
ciable.

The amount of vacuum required in accordance with
the present invention is substantially zero compared to
that which was necessary prior to the conception of plac-
ing the hot air generating system under pressure, usually
above atmospheric pressure, and combining the same with
the overall mill-air classifying circuit so as to form, in
effect, a “push-pull” operation with the neutral point
usually being at or closely adjacent the feed entrance
to the mill which of necessity is composed of a relatively
large area which is physically open to the atmosphere
and through which solid material to be treated enters the
mill and large volumes of air may be drawn in at very
low differential in static pressure or suction heads. The
system illustrated in FIG. 1 employs such push-pull prin-
ciple which is produced by the following mechanism oper-
ated as described hereinafter.

The air from the mill 10 is discharged through the exit
24 into a classifier compartment 26, in the lower portion
of which the coarse product collects and is dropped from
an air lock discharge 28, from which it is either reintro-
duced into the mill for further processing or if it is a
finished product, suitable disposal thereof is made. The
interior. of the mill 10 is normally under a negative pres-
sure by means to be described, and suction is maintained

10

15

20

25

35

40

45

50

55

60

65

70

7%

4

in the discharge riser conduit 30 which communicates
with the product collector 32. The finer products carried
by the air currents 34 which entrain the same and pass
through the exit of the mill rise upwardly through the
conduit 39 to the product collector 32. The fine product
from the collector is discharged through an air lock 36.
Suction is induced within the product collector 32 by a
fan 38 which is driven from a suitable source of power.

An air delivery conduit 4¢ communicates with the pres-
sure side of the fan 38, there being a branch conduit 42
leading therefrom and having a control damper 44 therein,
the branch conduit 42 discharging into a suitable collector
45 which may comprise a bag collector, for example,
having an airlock discharge device 48 on the lower end
thereof. The lower end of the air delivery conduit 40
communicates with the feed opening 22, into which air
under pressure is delivered as a result of the operation
of the fan 38. At a suitable location ahead of the feed
opening 22, hot air is introduced thereinto by suitable
means. In accordance with the present embodiment of
the invention, a pressure-type heater 50 is employed,
which may be fired by any suitable and preferably
economical type of fuel. The heater 50 receives air to be
heated through a conduit 52, through which air is drawn
by means of a blower 54, the conduit 52 being on' the
suction side thereof.

Suitable control dampers 56 and 58 respectively are
mounted in the air conduit 52 and the pressure conduit
69 from blower 54. Heated air is delivered under pres-
sure from the pressure-type heater 50 through a prefer-
ably insulated conduit 62 which communicates with the
air delivery conduit 40 adjacent the feed opening 22 as is
clearly shown in FIG. 1, the conduit 62 also having a
branch conduit 64 extending upwardly therefrom and
communicating with branch conduit 42 from conduit 40.
Branch conduit 64 preferably has a control damper 66
therein.

A vent fan 68 communicates preferably with the upper
end. of collector 46 by means of a conduit 70 having a
control damper 72 therein. The conduit 40, at a location
past the branch conduit 42, also has a control damper 74
therein. Air circulating in the closed circuit system com-
prising the mill 10, conduit 36, product collector 32, and
air delivery conduit 48, is controlled by the dampers 44
and 74. The hot air entering the system is controlled by
damper 56 located ahead of the heater blower 54, and the
vent air which carries off the moisture from the system
is controlled by damper 72 on the suction side of vent fan
68. In effect therefore, the fan 38 primarily is a circu-
lating fan which nevertheless produces positive and nega-
tive pressures in various portions of the circuit and sys-
tem, fan 54 creates positive pressure in the system and
comprises the “push” portion of the “push-pull” effect
produced by the system, and fan 68 comprises the “pull”
portion to said “push-pull” effect of the system.

Assuming, for example, in the circuit illustrated and
described relative to FIG. 1 that more air is required in
the mill to remove the product and classify it than could
be supplied by the air from the heater alone, the addi-
tional closed circuiting arrangement through fan 38 and
conduit 49 is available to supplement the hot air entering
from the outside. By adjustment of the various dampers
described, the quantity of circulating air may be regu-
lated with relation to the quantity of fresh heated air intro-
duced into the system so as to produce the desired quan-~
tity of circulating air and at the same time balance the
system in accordance with the invention.

The air entering the mill 10 is drawn therethrough by
suction from the suction side of the fan 38 as well as the
suction side of vent fan 68. However, the return air
on the outlet or pressure side of fan 38 normally is above
atmospheric pressure as is also the hot air from heater 50
in conduit 62 as a result of the action of blower 54. If,
for example, the circulating air returning to the mill is
regulated principally by operation of damper 74, but
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also partially by regulating dampers 44 and/or 72 which
are in the same general line, so as to draw a substantial
quantity of air out of the system through the vent fan 68,
there will be a net overall suction effect on the feed open-
ing 22, as a result of which cold air will be drawn in af
said feed opening, with the resultant effect upon the tem-
perature and volume of air circulating within the mill.

In lieu of the adjustment and regulation described in
the paragraph immediately above, if the damper 56 is
regulated to comtrol the air entering the blower 54 for
introduction into the heater 59, the blower 54 raises the
pressure in the heater outlet conduit 62 sufficiently to bal-
ance ouf the otherwise negative pressure in the feed open-
ing 22 as described above, thereby eliminating the intro-
duction of cold air at the feeder. Moreover, by opening
damper 56 sufficiently, there can be produced an actual
positively exerted pressure in the feed opening 22, result-
ing in a tendency to blow out air at this point but this is
not considered desirable under normal operating condi-
tions as this will tend to discharge some of the dusty air
or gas fumes circulating in the system. It thus will be
seen that, especially when no cold outside atmospheric air
is desired in the mill system and although the feed open-
ing 22 is physically open to the atmosphere at all times
in that the opening can be seen through from the exterior
thereof, for example, said opening nevertheless is not
actually open to the atmosphere in that atmospheric air
can not enter the opening under such circumstances.

From the foregoing, it will be seen that the overall
effect in the system can be that the circulating air therein
which is caused primarily by the fan 38 practically can
be independent of the amount of heated air introduced to
the system as well as the moist air exhausted therefrom,
with a positive control of the amount of air entering and
leaving the system. The control of the total air circuit in
the mill, under varying conditions, thus can be stabilized
to a far greater degree than has been possible heretofore
and, furthermore, the regulation of heated air under a

far wider range of inlet temperatures than was possible

previously, can be insured.

When it is desired to operate a heater at considerably
higher than normal temperatures, especially to increase
the heating efficiency, fresh air can be drawn in at the
feed opening 22 when the system is regulated to permit
the same, thereby diluting the heated air but under
closely controlled cenditions since the hot air is supplied
likewise at closely controlled rates by means of separate
blower 54 independently of what may be taking place
in the rest of the circuit or system.

Under conditions where high moisture content and
large quantities of moisture-laden air which is near the
saturation point are discharged, it is preferable to raise
the temperature of the vent gases to avoid possible con-
densatioii on the vent conduits or on the collector sur-
faces, such as when filter cloth is employed to remove the
dust. The present invention contemplates effective means
to accomplish this, whereby the desired quantity of hot
air from the heater 50 may be by-passed through branch
conduit 64 as controlled by damper 66 therein so as to
raise the temperature of the exhausted air introduced
into the collector 46 to prevent condensation therein or
in the outlet conduits. Under conditions where the collec-
tor 46 is a bag collector, the extremely fine material on
the bags will drop therefrom and be delivered in a dry
flowable state to the discharge airlock 48.

While the system described above will maintain the
pressure at the feed opening 22 very close to the desired
amount within a wide range of operating conditions, a
further improvement may be used to insure stabilization
under those conditions where more or less rapid changes
occur that can not readily be compensated for by manual
means within the time required for best results. Such
stabilization can be obtained automatically to control the
pressure differenial at any point such as, for example,
directly at the feed opening 22, by using a draft gauge 76
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which is mounted directly in the feeder opening and is
electrically connected through a modulation control sys-
tem to actuate the auxiliary circulating air in the system
by varying the amount of air entering the heater, for
example.

Details of the electrical control components of the
modulation control system are not described since the
same do not comprise a part of the present invention.
However, the draft gauge 76 can be connected electrically
to an operator’s control panel 78 for control of any de-
sired air pressure level either above or below atmospheric,.
with the sensing modulating control device, in turn, op-
erating a motorized control linkage 80 which will op-
erate the damper 56 to maintain the pressure at the pre-
set amount desired. Similarly, the moisture-laden air leav-
ing the system also is controlled by suitable circuitry
from control panel 78 and draft gauge 76 to a motorized
modulating control linkage 2, whereby the damper 72 on:
the suction side of the vent fan 68 can be controlled.
If desired, both means for damper control may be em-
ployed simultaneously or independently, through the same.
control source.,

In the embodiment illustrated in FIG. 2, the mill 84 is
mounted for rotation and:is suitably driven by means, not
shown, similar to the mill 19 in the embodiment shown
in FIG. 1. A chute feeder 86 leads to the entrance of the
mill and defines a feed opening 88. In this embodiment,
the pressure-type heater 9¢ has an air conduit 22 provided
with a control damper 94 and communicating with an air
feed blower 96. The discharge end of the heater 90 com-
municates directly with the feed opening 88.

The exit end of the mill 84 communicates with a classi-
fier compartment 98, for example, having an airlock dis-
charge 18€. The outlet conduit 182 of classifier compart-
ment 98 communicates with the suction end of blower 164,
the conduit 102 has a control damper 186 therein and the
positive pressure end of blower 104 communicates with a
discharge conduit 188 which may lead to a product col-
lector, or otherwise.

Although the embodiment illustrated in FIG. 2 does
not specifically illustrate re-circulation of air, it em-
bodies a “push-pull” arrangement, whereby the air de-
livered by the air feed blower 98 is controlled through
damper 94 to a pressure-type heater 20 to comprise the
“push” of the arrangement, while the suction blower 104
is controlled through damper 186 to comprise the “pull”
thereof, whereby it is possible to balance the pressures or
to operate the mill system so that, in the feed opening
88, any desired pressure head or suction head may be
obtained, thus eliminating air leakage into the system
through the feed opening 88 or to maintain a definite
inlet rate of cold air at such inlet, as desired.

It may be desired at times to have the heater operate at
temperatures higher than would be feasible if the heated
air products are introduced directly into the mill. Ac-
cordingly, the same may be admixed with a quantity of
outside or secondary air at the feed opening 83, which
will result in tempering the heat in order that the overall
delivery of heat to the mill will be at a satisfactory level.
In this embodiment, an exemplary feed means compris-
ing a conveyor 119 conveys material to the. grinding mill
from a bin 112 which represents a source of supply.

This embodiment of the invention also contemplates the
use of an automatic control system comprising a draft
gauge 114 which is similar in nature and function to the
gauge 76 in the embodiment illustrated in FIG. 1. Ac-
cordingly, modulating controls such as motorized contro}
linkage units 116 and 118 are each connected by suitable
circuitry with the draft gauge 114, or an intermediate
operator’s control panel, not shown in detail, but similar,
for example, to the control panel 78 in the embodiment
shown in FIG. 1. The modulating controls 116 and 118
respectively are connected by suitable linkage to the
dampers 94 and 106, thereby to control the pressure and
suction of the “push-pull” arrangement of the system.
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By such control arrangement, the dampers 94 and 106
may be arranged so as to maintain either a constant
pressure under varying conditions at the feed opening &8,
or otherwise.

It will be seen that this arrangement is one whereby
there are two sources of gas or air proportioned in con-
nection with a grinding mill and wherein, at the feed open-
ing of the mill, by virtue of the system requiring a large
open space, said feed opening is exposed to the atmos-
phere. However, it is desired, for example, to provide a
positive control of the pressure in said feed opening to
provide usually an amount only sufficient to prevent any
positive pressure being exerted which would tend to
contaminate the outside atmosphere with dust or obnox-
ious gases from the heater or both.

The embodiments illustrated in FIGS. 3 and 5 com-
prise rotating mills of the tumbling type with which a
pressure-type heater is associated and the principle of
reverse-current circulation of air is employed. In the
embodiment of FIG. 3, the product is discharged from
the rotating mill 120 through a central conduit 122 sub-
stantially coaxial with the exit end of the mill and through
which the product is conducted while entrained in an
air current for movement to classifier unit 124, The
oversize material from the classifier 124 is returned by
gravity through conduit 126 to the entrance chute 128
of the mill, for further processing. The desired fine prod-
uct is conveyed by air to a product collector 13¢ and from
which the desired product is discharged through airlock
132. The air, possibly containing a small amount of dust,
returns to the blower 134.

A vent pipe 136 extends upwardly from the pressure
side of the blower 134, ahead of the regulating damper
138, and controls the introduction of air from blower 134
through air conduit 146 which surrounds the entrance end
of central conduit 122 and communicates with the exit end
of the mill 129, all as clearly shown in FIG. 3. The vent
pipe 136 also contains a control damper 142 by which the
air to be vented is regulated. The system illustrated in
FIG. 3 can be balanced through the regulation of dampers
138 and 142, whereby essentially no air is drawn in at
the entrance 128 of the mill, under conditions where the
introduction of hot air is not needed for drying material,
but if and when hot air is needed, regulation of damper
150 for admission of hot air and readjustment of dampers
138 and 142 will permit the introduction of the heated air
in the amount desired with or without the infiltration of
cold air at the entrance 128.

Under circumstances in the embodiment shown in FIG.
3 wherein hot air is needed, heretofore an unusual amount
of pressure drop and loss was necessary at blower 134
in order to force the vent air from the feed end of the mill
to discharge through the vent pipe 136 and thereby cause
a sufficient amount of suction in the entrance chute 128 to
draw in heated air from a heater. Heated air could be
introduced in reasonable quantities but was greatly diluted
with cold air unless an effective airlock-type feeder was em-
ployed. By using a pressure-type heater 144 as in the
present invention however, particularly as aided by a
blower 146 which draws air through inlet 148 to the heat-
er as controlled by damper 159, it is possible by means of
the present invention to introduce heat at the feed point
under a positive pressure, with the result that the demand
on blower 134 and the high pressure drop formerly re-
quired thereof can be greatly reduced with virtnally en-
tire elimination of cold air also being drawn in at the
same time. Such an arrangement also results in the over-
all system being balanced to better advantage than was
possible heretofore.

It will be seen that an exemplary bin 151 discharges
raw material onto a suitable feed belt for introduction
to the entrance chute 128, similarly as in the feed ar-
rangement shown in the embodiment illustrated in FIG.
2. It also will be seen relative to the embodiment shown
in FIG. 3 that the blower 145 comprises the “push” part
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of the “push-pull” arrangement of said embodiment, while
the blower 134, which is connected at its suction end to
conduit 152 leading from product collector 130 produces
a suction in central conduit 122 which serves as the “pull”
portion of the “push-pull” arrangement of the system.

Still another embodiment of the invention using a
tumbling type mill is illustrated in FI1G. 4, wherein the
mill 154 is mounted for rotation about its axis. In this
embodiment, the operation is such that the mill 154 need
not be subjected to large amouats of air for circulation
within the mill itself and classification of the: products,
or where the amount of hot air for drying need not be
required for conveying or classifying purposes. Hence,
the velocity of air through the mill can be at a relatively
low rate unless operation calls for an air-sweeping ac-
tion. Such relatively low velocity of air through the mill
is desirable under certain conditions, such as where it is
advantageous to maintain a large quantity of fine ma-
terial intermixed with the grinding media.

The mill, under the foregoing circumstances, may be
made more or less independent of the classifying system,
if desired. However, if material is to be dried during
the grinding process, heated air can be supplied in rela-
tively small quantities, under relatively high temperature
conditions, and where the pressure required to introduce
the hot air may be relatively high as, for example, where
a screw feeder is employed such as feed screw 156 in
the present embodiment. Nevertheless, in this embodi-
ment, a balanced system between the main classifier fan
158 and the blower 160 for the heater 162 can be main-
tained. If a vent fan is used, suitable controls for the
various dampers and particularly the vent damper 164
can be employed so that the overall net result is a main-
tenance of zero pressure drop or whatever other pressure
is desired, at either the feed end of the mill or even at
the discharge end of the mill if desired. The various il-
lustrated but non-described product collectors, classifiers,
and similar devices shown in FIG. 4 are intended pri-
marily to be exemplary, the same being somewhat similar
to corresponding elements in the embodiment shown in
FIG. 3. Accordingly, attention is directed to such figure
for these details.

There is illustrated in FIG. 5 still another embodiment
of the invention which is somewhat similar to that shown
in FIG. 3 and principally is adapted for use in grinding
coal or conveying a product pneumatically a considerable
distance from the grinding source before collection or
use in a further process. However, a balancing principle
is employed in this embodiment so as to permit the use
of an open feeder. This embodiment departs from simi-
lar practice wherein a closed type of feeder has been re-
quired, especially when heated air has been considered
necessary for use to assist in drying the material during
grinding operations. ‘

Referring to the details of FIG. 5, it will be seen that
the blower 164 introduces air under pressure into the
pressure-type heater 166. The heated air from the outlet
end of the heater is distributed between two conduits
168 and 170, each having its own regulating damper 169
and 171, respectively, as clearly shown in FIG. 5. Con-
duit 176 communicates with the feed end of mill 172
and a chute feeder 174 also communicating with said
entrance end. Conduit 168 communicates with the exit
end of the mill, whereby heated air enters the mill from
both the feed and discharge ends thereof.

The supply of heated air at the feed end tends to dry
the material being fed to the mill directly at the feed
point, while the material at the discharge end is subjected
to a blowing action of heated air which blows the over-
size material back into the mill and also further dries
the partially ground product which is located near the
discharge end. The material and moisture-laden air is
then drawn through the grates 176 adjacent the discharge
end of the mill and any oversize material dropping back
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from the classifier 178 is discharged back into statiocnary
hood 182 and from whence it is elevated by suitabie lifter
means rotating with the mill and returned to the interior
of the mill by being deposited on cone 18¢ which deflects
it back into the miil past the grate 176 and as the ma-
terial falls from said cone in front of the incoming hot ait
from conduit 188, said coarser particles of material are
blown back into the mill, while the fine product which
leaves the classifier 178 may be considered sufficiently
fine that no furiher treatment is necessary or it may re-
quire finer classification. In the latter event, it may be
delivered to classifier 184, any oversize therefrom being
returned by conduit 186 to the entrance of the mill for
further treatment thereby, while the fine products from
classifier 184 are withdrawn from the classifier syste
by exhaust fan 188, as controlled by damper 39%. Hence,
the quantity of air exhausted from the systern by means
of fan 188 is regulatable by damper 193.

It will be seen that in the embodiment illustrated in
FIG. 5, the blower 164 comprises the “push” portion of
the “push-pull” arrangement of the system, while the ex-
haust fan 188 comprises the “pull” portion of said arrange-
ment in the system. By stuch means, it is possible to
maintain any desired pressure within reasonable limits
at the chute feeder 174, either positive, negative or zero,
mainly by regulation of the intake biower 164, as con-
trolled by the damper 192 in the inlet conduit thereto, in
coordination with the damper 188 controlling the supply
to suction exhaust fan 188. Such regulation may be ac-
companied by suitable regulation of the dampers shown
respectively in conduits 168 and 170 to control the air
inlet at the feed and discharge ends of the mill. Also, as
in the preceding embodiments, the feed may be furnished
from an exemplary bin 194 which discharges onto a suit-
able feed conveyor 1926.

A roller-type of mill, as distinguished from a tumbling-
type is illustrated in the embodiment shown in FIG. 6.
Heretofore, it has been the practice in the use of such
types of mill which are well known in the art, always
to have the feed material enter through an airlock prin-
ciple at the feed end inasmuch as the pressure within
the mill is predominately negative, particularly wherever
drying within the mill is required. In accordance with
tI:le invention therefore, the same basic “push-pull” prin-
ciple can be applied to this type of mill as well as the
other types incorporated in the various embodiments de-
scribed hereinabove and illustrated in the preceding fig-
ures.

The circulating system for the interior of the mill 188
comprises a fan 209, the pressure end of which is divided
between two conduits 282 and 2¢4 which respectively
have control dampers therein, the conduits 202 communi-
cating directly with the lower portion of the mill 198 so
as to direct a positive current of air from the lower por-
tion to the upper portion thereof for purposes of en-
training the finer products produced by the mill for re-
moval therefrom. The inlet end of the fan 260 commu-
nicates with a product collector 286 by means of suc-
tion conduit 21§ which communicates with the upper
end of mill 198. Said mill employs rollers 212 of a well-
known type for purposes of crushing material within the
mill. Gn the pressure side of the fan 289, the system
is similar to that illustrated in the embodiment shown in
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FIG. 1 in that part of the air is by-passed to the vent -

system with the major vent control being on the suction
side of the vent or exhaust fan 214 which withdraws air
from a dust collector 216 as well as from conduit 264
which communicates with the pressure end of fan 280, all
as controlled by regulating damper 218 as well as the reg-
ulating damper 205 in the lower end of conduit 284,
The balance of the air from the pressure side of fan 2868
is delivered to the mill beneath the grinding plate thereof,
as conirolled by the damper and conduit 242.

The system described above is furnished hot air from
pressure-type heater 228, the discharge end of which is
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divided and communicates respectively with conduit 262
and a by-pass conduit 222 which has a control damper
therein and communicates with conduit 284 as clearly
shown in FIG. 6. Air to be heated is forced under pres~
sure from fan 224, the suction end of which is connected
to an inlet conduit 226 having a control damper 228
therein.,

The control damper 230 in pressure conduit 262 con-
trols the main circulating air stream through the tnill 198
and, as in regard to the embodiment shown in FIG. 1,
balancing within the miil circuit itself may be accom-
plished by controlling the damper 228 ahead of the heater
blower 224, This controls the inlét air, while the con-
trol of the exhaust vent air is dccomplished by adjusting
the damper 218 ahead of the suction vent fan 214. Hence,
the system is such that the circulating air supply may be
controlled and the heated air supply may also be con-
trolled together with the moisture-laden vent air supply.
By such arrangement, it is possible to balance the pres-
sure within the mill itself so that, if desired, there will be
no tendency or necessity of having a negative pressure
in the feed chute 232 through which the raw material is
delivered for grinding within the mill from any suitable
source such as exemplary bin 234. Consequently, the ma-
terial fed to the mill may enter tlie same through an open
feed chute which is a distinct advantage in situations of
this type and with this tybe of mill, which arrangement as
far as is known has not beén previously employed in a
rollér-type mill such as illustrated in FIG. 6. Further,
automatic control of the air supply may be effected by
suitable arrangement similar to those illustrated and de-
scribed in regard to the préceding embodiments, all with-
in the purview of the present invention.

The various illustrations in the foregoing embodiments
are illustrative of various applications of the control of
air pressure within a mill system and particularly at the
entrance end théreof which may be effected to control the
entrancé of cold, oufside air into mills where heated air
is being utilized to dry the material incident to the same
being treated within the mill. All of said embodiments
ufilize a so-called “push-pull” arrangement in regard
to the air circulated through the mill and by which the
control of the pressure at an open feed point of the grind-
ing system may be effected in order that the pressure at
said feed point may be above, equal to, or below atmos-
pheric pressure, as desired, as well as permitting the main-
tenance of said pressure within desired limits by auto-
matic means.

Under certain operating conditions, the use of a heater
may not be required, the addition of auxiliary air or other
gas from the outside in conirolled amounts is desired in
order that such air or other gas, without being heated,
may be sufficiently low in humidity to aid in the drying
action without necessitating the use of additional heat or
such auxiliary air may be desired as a conveyor of the
powdered material, or for any other purposes such as,
for instance, the introduction of a neutral gas when grind-
ing a material subject to possible explosion. Under such
circumstances, the “push-pull” arrangement described
hereinabove nevertheless is employed.

While the invention has been described and illustrated
in its several preferred embodiments, and has included
certain details, it should be understood that the invention
is not to be limited to the precise details herein illustrated
and described since the same may be carried out in other
ways falling within the scope of the invention as claimed.

We claim:

1. A mill system for grinding mineral material and
comprising in combination, a mill having a feed opening
physically open to the atmosphere and substantially un-
restricted to the simultaneous delivery thereto of solid
material and elastic fluid, said mill also having exit means
through which solid material and elastic fluid dre dis-
charged from said mill following the operation of said mill
upon said solid material, means to deliver solid material
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to the feed opening of said mill for treatment within
said mill, means for treating elastic fluid and delivering it
to said feed opening, means to control the pressure of said
elastic fluid treated for delivery to said feed opening, and
additional pressure control means operable to regulate
the pressure of the elastic fluid discharged from the exit
of said mill, whereby said pressure control means may
be regulated relative to each other to provide at the feed
opening of said mill an elastic fluid pressure of predeter-
mined amount and thereby control the amount of atmos-
pheric air introduced into said mill through said feed
opening.

2. The mill system set forth in claim 1 further charac-
terized by said means for treating elastic fluid comprising
heating means.

3, The mill system set forth in claim 1 further including
means to recirculate at least a portion of the elastic fluid
withdrawn from the exit means to the feed opening of
said mill and means to control the amount of elastic fluid
thus recirculated, whereby said control means may be
regulated relative to the aforementioned control means
to control the amount of atmospheric air introduced into
said mill through said feed opening.

4. A system for grinding solid material comprising in
combination, a mill having a feed entrance open physically
to the atmosphere and through which raw material is in-
troduced into the mill, said mill also having exit means
through which material is removed from the mill, means
operable to cause a stream of elastic fluid to flow through
said mill, adjustable means operable to introduce an inde-
pendent stream of elastic fluid into said mill through
said feed entrance at a predetermined pressure to provide
an atmosphere therein of a desired character for grinding
operations, and adjustable flow control means operable to
‘withdraw said atmosphere from said m’ll to produce a
pressure therein less than said predetermined pressure of
said elastic fluid fed to said feed entrance and regulated
to control the flow of said elastic fluid into said mill
through said feed entrance.

5. A system for grinding solid material comprising in
combination, a mill having a feed entrance physically
open to the atmosphere and through which raw material
is introduced into the mill, said mill also having exit
means through which materia] is removed from the mill,
means operable to cause a stream of elastic fluid to flow
through said mill, means to heat desired elastic fluid to
a predetermined temperature, adjustable means operable
to introduce an independent stream of said heated elastic
fluid into said m’ll through said feed entrance substan-
tially continuously in controlled predetermined amounts
to provide an atmosphere therein of a desired character
for grinding operations different from the exterior atmos-
phere, and adjustable flow control means operable to pro-
duce a regulated pressure within said mill adjacent the
exit means less than the pressure of the heated elastic
fluid introduced to said mill to effect withdrawal of elas-
tic finid from said exit and thereby control the flow of
said elastic fluid into said mill.

6. A mill system for grinding mineral material com-
prising in combination, a mill having a feed entrance
physically open to the atmosphere to receive raw material,
said mill also having exit means through which material
is removed from the mill, independent means operable
to heat desired elastic fluid to a predetermined tempera-
ture, adjustable means operable to introduce said heated
elastic fluid into said mill substantially continuously at a
predetermined pressuré and temperature to provide an
atmosphere therein of a desired character for grinding
operations different from the exterior atmosphere, ad-
justable means operable to produce a regulated pressure
at the exit of said mill less than the pressure at the en-
trance to effect withdrawal of the internal atmosphere
from said mill through the exit thereof at a rate regulated
to maintain the pressure of the elastic fluid fed into said
mill in a desired amount relative to exterior atmospheric
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pressure, finid conducting means independent of said heat-
ing means interconnecting said exit of said mill with the
feed entrance thereof and operable to reintroduce a por-
tion of the withdrawn elastic fluid to the mill through said
feed entrance thereof, and control means in said fluid con-
ducting means operable to regulate the pressure of the
withdrawn elastic fluid reintroduced to said mill to pro-
duce a combined pressure effect with the heated elastic
fluid introduced to said feed entrance and thereby con-
trol the inlet of exterior atmospheric air through said feed
entrance of said mill, as desired.

7. A mill system for grinding mineral material com-
prising in combination, a mill having a feed entrance
physically open to the atmosphere to receive raw ma-
terial, said mill also having exit means through which
material is removed from the mill, means to heat desired
elastic fluid to a predetermined temperature, adjustable
means operable to introduce said heated elastic fluid into
said mill through said feed entrance substantially con-
tinuously at a predetermined pressure and temperature
to provide an atmosphere therein of a desired character
for grinding operations different from the exterior atmos-
phere, adjustable suction means operable to produce a
regulated pressure at the exit of said mill less than the
pressure at the feed entrance, thereby effecting withdrawal
of the internal atmosphere from said mill through the
exit thereof at a rate regulated to maintain the pressure
of the elastic fluid fed into the feed entrance of said mill
at a desired amount relative to exterior atmospheric
pressure to control the inlet of exterior atmospheric air
through said feed entrance as desired, and control means
including a draft gauge positioned adjacent said open feed
entrance and responsive to the pressure in said feed en-
trance and operable to regulate the pressure of the elas-
tic fluid withdrawn from said exit of said mill relative
to the elastic heated fluid introduced to said mill to pro-
vide a desired pressure within said mill produced as a
result of a balance established between the exiting fluid
current relative to the incoming heated fluid and atmos-
pheric currents to effect a desired grinding atmosphere
within said mill.

8. A system for grinding solid material comprising in
combination, a mill having a feed entrance physically
open to the atmosphere and through which raw material
is introduced into the mill, said mill also having exit
means through which material is removed from the mill,
means to heat desired fresh elastic fluid to a predeter-
mined temperature independently of the mill atmos-
phere, conduit means extending from said heating
means and directed into the open entrance of said mill,
adjustable flow control means operable relative to said
conduit means operable to introduce said heated fresh
elastic fluid into said mill substantially continuously in
predetermined amounts to provide an atmosphere there-
in of a desired character for grinding operations differ-
ent from the exterior atmosphere, adjustable means op-
erable to produce a regulated predetermined pressure ad-
jacent the exit means less than that at the entrance of
said mill to effect withdrawal of elastic fluid from said
mill through said exit and thereby control the feed of
said heated fresh elastic fluid into said mill at a desired
pressure to control the movement of exterior atmospheric
air into the mill through said feed entrance, a by-pass
conduit extending between said conduit means and said
adjustable means to effect said withdrawal of elastic fluid
from said heating means, and adjustable flow control
means in said by-pass conduit operable to by-pass a con-
trolled amount of heated fresh elastic fluid to the atmos-
phere withdrawn from said mill, thereby to control the
condensation of moisture from said withdrawn elastic
fluid when discharged to exterior atmosphere.

9. A system for grinding solid material comprising in
combination, a mill having a feed entrance physically
open to the atmosphere and through which raw material
is introduced into the mill, said mill also having exit
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eans through which material is removed from the mill,
adjustable means operable to introduce elastic fluid into
said mill through said entrance at a predetermined pres-
sure to provide an atmosphere therein of a desired char-
acter for grinding operations different from the exterior
atmosphere, additicnal adjustable means operable to in-
troduce elastic fluid at a desired pressure into the exit
of said mill and at least partially flowing counter-cur-
rent to the fluid flowing through the entrance to said mill
and operable to entrain fine produce material within said
mill, and adjustable means operable to produce a nega-
tive pressure regulated to effect withdrawal of elastic
fluid and entrained product material through the exit of
said mill and thereby control the feed of said elastic
fluid into said mill at a desired pressure to regulate the
inlet of atmospheric air through said feed entrance as
desired.

10. A system for grinding solid material comprising in
combination, a mill having a feed entrance physically
open to the atmosphere and through which raw material
is introduced into the mill, said mill also having an exit
through which material is removed from the mill, means
to heat desired elastic fluid to a predetermined tempera-
ture, conduit means connected .to said entrance and exit
of said mill and operable to direct said heated elastic
fluid from said heating means into said mill substantially
continuously in predetermined amounts through both said
entrance and exit to entrain fine product material therein
while traveling counter-current to each other and thereby
provide an atmosphere therein of a desired character for
grinding operations different from the exterior atmos-
phere, adjustable flow-control means in said conduit
means respectively connected to said entrance and exit,
and adjustable means interconnected to the exit of said
mill and operable to produce a regulated pressure adja-
cent the exit means less than that at the entrance of said
mill to effect withdrawal of elastic fluid and entrained
fine material from said exit and thereby effect the feed of
said elastic fluid into said mill at a desired pressure to
control the pressure of elastic fluid at said entrance and
thereby regulate the movement of exterior atmospheric
air through said feed entrance as desired.

11. A method of comminuting solid material within a
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grinding mill by utilizing an elastic fluid and comprising
the steps of treating the same to provide it with desired
characteristics, introducing said treated elastic fluid to-
gether with solid feed material into the feed entrance of
the mill which is substantially unprotected relative to the
passage of said solid material and untreated surrounding
elastic atmospheric fluid, causing said elastic fluid to flow
through said mill, withdrawing said elastic fluid from the
exit of the mill, and regulating the pressure of the treated
elastic fluid discharged into said unprotected feed en-
trance of the mill to produce at said nnprotected entrance
a predetermined pressure operable to control the inlet of
any of the surrounding untreated atmospheric elastic fluid
to said mill through said unprotected feed entrance as
desired.

12. The method set forth in.claim 11 further charac-
terized by said treated elastic fluid being removed from
the outside atmosphere and the treating thereof compris-
ing the step of heating said fluid to a desired temperature
range before introduction into said mill.

13. The method set forth in claim 11 including the ad-
ditional step of returning a part of the elastic fluid re-
moved from the exit of said mill to the unprotected en-
trance thereof,

14. The method set forth in claim 13 forther includ-
ing the step of regulating the pressure of the returned
elastic fluid relative to the pressure of the treated elastic
fluid introduced into the unprotected entrance of said mill
to produce a desired pressure at the unprotected feed en-
trance of said mill to control the entrance therethrough
of untreated surrounding atmospheric elastic fluid.
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