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[5 7] ABSTRACT 
In the method, a hot gas is ?owed linearly through a 
slightly inclined treating area. Colemanite ore parti 
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cles are repeatedly elevated and dropped substantially 
vertically through the gas while they are simulta 
neously advanced countercurrent to the gas flow. This 
movement is continued until the ore particles are 
heated to the point of decrepitation at which they rel 
atively suddenly break into a large number of rela 
tively ?ne particles of substantially sure colemanite 
which are carried out of the treating area by the gas 
stream. The gas carried colemanite particles are then 
separated from the gas stream to provide an upgraded 
and classi?ed product. Gas velocity and temperature 
and the path and rate of movement of the ore through 
the gas are varied as required to obtain a given grade 
or size in the recovered colemanite product. 

The apparatus used in practicing the method includes, 
in a preferred form, a tubular calcining drum which is 
inclined slightly with respect to the horizontal. Lifters 
are positioned along the internal wall of the calcining 
drum and the drum is rotated between two stationary 
end assemblies. Ore particles are introduced into the 
upper end of the drum and a stream of hot gas is 
introduced through the lower end of the drum. 
Rotation of the drum causes the ore to be repeatedly 
lifted and dropped across the gas stream while the ore 
simultaneously advances from the upper toward the 
lower end of the drum. The temperature of the 
advancing ore increases to the point required to cause 
decrepitation of the ore, and the gas stream ?owing 
through the drum carries the particles of decrepitation 
to the upper end of the drum where they are removed 
and separated from the gas stream. In the preferred 
form, gas leaving the drum is conveyed to a second 
rotating, inclined drum which functions as a preheater 

' for ore being introduced into the calcining drum. 

1 Claim, 3 Drawing Figures 
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METHOD FOR PROCESSING COLEMANITE ORE 

This is a continuation, of application Ser. No. 
183,846, ?led Sept. 27, 1971, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

In its broader aspects, the present invention relates to 
methods for processing materials. The invention is used 
for processing colemanite ore which changes its physi 
cal characteristics upon heating to the extent required 
to permit the colemanite in the ore to be carried by a 
given ?uid stream only after the colemanite ore underv 
goes the change. The process is described herein with 
speci?c reference to colemanite ore materials which 
undergo a relatively sudden change in state in which 
large particles fragment into a large number of smaller 
particles when the large particles are heated to a criti 
cal temperature. As used herein, the term “decrepi 
tate" is employed to describe this relatively sudden 
fragmentation phenomenon. In the specific application 
to be described herein, the ?eld of the invention relates 
to methods for calcining, upgrading and classifying 
colemanite ore materials of the type which decrepitate 
into relatively fine particles at a temperature below the 
temperature at which such materials fuse or agglomer 
ate. 

2. Brief Description of the Prior Art 

A common prior art method of processing ores such 
as colemanite and similar ores which decrepitate upon 
heating includes calcining the ore in a revolving, hori 
zontally disposed kiln. Agglomeration or fusing of the 
decrepitated ore generally occurs and following the 
calcining process, the calcined ore must be crushed and 
passed through an air table or otherwise processed to 
separate the desired product from gangue or other im 
purity. 

In another prior art process which eliminates the 
need for separate calcining and classifying steps, ore 
particles are calcined in a ?uidized bed furnace in 
which an upwardly directed stream of gas is passed 
through the decrepitating ore to carry the finer parti 
cles of decrepitation away from the ?uidized bed and 
the gangue. The gas and airborne particles are then 
separated to provide an upgraded, classi?ed product. 

Still another prior art process suggests the use of a 
vertical furnace having a stream of upwardly rising 
heated gases introduced at its lower end. Small ore par“ 
ticles are dropped into the top of the furnace and are 
increasingly heated as they fall downwardly toward the 
bottom of the furnace. Upon decrepitation of the parti 
cles, their change in state permits them to be carried 
upwardly out of the furnace by the rising gas stream 
where they may then be separated from the gas. Proper 
operation of the technique requires that the gas veloc 
ity be great enough to support or slow down the falling 
ore particles so that they may be heated to the point of 
decrepitation. Because of the relatively high gas veloc 
ity required to achieve this result, smaller particles of 
unprocessed ore are blown back and combined with 
the decrepitated ore particles. Where lower velocity 
gas ?ow is used in the latter technique, heavier parti 
cles of the ore fall completely through the furnace with 
out reaching the temperature required for decrepita 
tion. While it is theoretically possible to operate the lat» 
ter process satisfactorily by introducing only ore parti 
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2 
cles having a speci?c, uniform size and density, the 
time and expense required in sizing the raw ore would 
probably render the operation impractical. 

SUMMARY OF THE INVENTION 

In the method of the present invention, a heated 
stream of relatively low velocity fluids is passed 
through an inclined, non-vertical treating area. As used 
herein, the term “?uids" is intended to include gases. 

t Colemanite ore particles are repeatedly elevated and 
dropped through the fluid stream and moved counter 
current to the stream. As the ore particles move coun 
tercurrent through the stream, they are increasingly 
heated until they decrepitate and undergo a relatively 
sudden shattering into many smaller pieces. The 
change in state caused by decrepitation permits the 
smaller particles of substantially pure colemanite to be 
moved by the fluid stream in the direction of ?uid ?ow. 
Fluid and ?uid carried particles leaving the treating 
area are separated by any suitable means. Gangue or 
other impurities in the ore which do not fragment or 
otherwise change state continue to move countercur 
rent through the treating area and are removed from 
the area after a predetermined exposure. By this pro 
cess, an upgraded, classi?ed material is continuously 
produced. It will be appreciated that the temperature 
of the ?uid and the ?uid velocity as well as the rate and 
path of movement of the ore through the ?uid are var 
ied to heat ore particles of a given size to the decrepi 
tating temperature of the ore. Following decrepitation, 
subsequent heating which would cause agglomeration 
is prevented by the removal of the decrepitated mate 
rial from the treating area by the ?owing ?uid. In the 
preferred form of the invention, the ?uid stream is a 
stream of heated gas. 
The preferred apparatus employed in the practice of 

the method of the present invention includes a treating 
area provided by a calcining drum which is mounted 
for rotation about a central axis which is inclined 
slightly with respect to the horizontal. A stream of?ow 
ing hot gas is introduced into the treating area at the 
lower end of the drum. Curved, blade-like lifting mem 
bers extend inwardly from the internal wall of the 
drum. Upon rotation of the drum. the lifters elevate 
and then drop ore particles across the gas stream. The 
inclination of the drum causes the ore particles to ad 
vance toward the lower end of the drum as the particles 
are repeatedly elevated and dropped. The particles are 
increasingly heated at a controlled rate as they advance 
countercurrent to the gas ?ow until decrepitation oc 
curs. The smaller particles produced by the decrepita 
tion are carried by the flowing gases to the upper drum 
end where they are removed from the drum and sepa 
rated from the gas. Those ore particles which do not 
undergo decrepitation continue to advance through the 
drum and are ejected at the lower drum end. 

In the preferred form of the apparatus, a second ro 
tating drum employs the hot gas separated from the de 
crepitated particles to preheat ore particles before the 
particles are introduced into the upper end of the first 
drum. 
With the present invention, relatively low gas veloci 

ties may be employed to simultaneously upgrade and 
classify ore particles. Since the gas is not required to 
support or slow down a falling ore particle, the amount 
of“blow-back" of undecrepitated material is reduced. 
The relatively low velocity gas flow combined with the 
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repeated dropping and gradual advancing of the ore 
particles through the gas stream provides a uniform 
heat gradient which permits close control over the 
heating of ore particles. Even where the input ore in 
cludes both relatively small and relatively large parti 
cles, blow-back and agglomeration are prevented be 
cause of the relatively low gas velocity employed and 
because of the close heating control provided by the 
repeated dropping of ore particles through the gas 
stream as the particles are advanced toward the lower, 
hotter end of the drum. 

In the process of the present invention, ore is contin 
uously upgraded and classi?ed without the need for 
subsequent crushing, screening or air table operations. 
These and other features and advantages of the present 
invention may be more fully appreciated from the fol 
lowing speci?cation, drawings and the related claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation, partially broken away sche 
matically illustrating the preferred form of the appara 
tus employed in practicing the method of the present 
invention; 
FIG. 2 is a cross-sectional view of a calciner of taken 

along the line 2—2 of FIG. 1; and 
FIG. 3 is an enlarged, perspective view illustrating 

the lifters carried on the internal wall of the calciner. 

DESCRIPTION OF THE PREFERRED METHOD 

In FIG. 1, the apparatus employed in practicing the 
method of the present invention is indicated generally 
at 10. The apparatus 10 includes an input 11 which is 
designed to receive colemanite ore particles C and in 
troduce‘the particles into a preheater 12 through an air 
lock 31. The ore passing through the preheater 12 is 
communicated through a connecting chute 14 
equipped with a second air lock 15 into a treating area 
confined within a heating apparatus or calciner 16. Hot 
gas is introduced into the lower end of the calciner 16 
through the combined operation of a suitable heater H 
and a blower B. The hot gas travels through the cal 
ciner 16 in the direction of the arrow 17 and leaves the 
upper end of the calciner through‘an output line 18. 
The gas and any gas carried particles P in the gas are 
carried by the line 18 to a cyclone separator 19 which 
separates the particles P from the gas and deposits such 
particles on an output conveyor R. The particle free gas 
leaving the separator 19 is carried by a line 20 to the 
lower end of the preheater 12. Gas ?owing through the 
preheater leaves the upper end of the preheater 
through an output line 21 where it is conveyed to a wet 
scrubber 22. The scrubbed gas leaving the scrubber 22 
is pulled through an output duct 23 and into an exhaust 
fan F where it is then vented into the atmosphere. 
The preheater 12 includes a tubular drum 12' 

mounted on rollers 12a and 12b. The drum 12' is ro 
tated in the direction of the arrow 12c by an electric 
motor 12d acting through‘ a small gear l2e which en 
gages a larger gear 12f encircling the tubular drum. 
Upper and lower stationary end assemblies, 12g and 
1211, respectively, engage the ends of the preheater 
drum 12' and function to provide a substantially leak 
proof seal with the rotating tubular body. 
The heating apparatus or calciner 16 also includes a 

tubular body or drum 16a which is mounted on rollers 
16b and 16c for rotation between stationary upper and 
lower end assemblies 16d and 16e, respectively. Suit 
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4 
able leakproof seals are provided between the end as 
sembly 16a’ and 16e and the rotating body 1611. Rota 
tion is imparted to the tubular body 16a by an electric 
motor and gear drive 16f acting through a small gear 
163 which engages and imparts a rotary motion to a 
larger gear 16h encircling the body 16a. The lower end 
assembly 16e is provided with a tailings ejection chute 
16k equipped with an air lock l6j. 
The internal surfaces of the rotating drums employed 

in the calciner l6 and in the preheater 12 are similar 
and include curved lifters 24 connected to the internal 
drum walls in the manner illustrated in FIGS. 2 and 3. 
In the preferred form of the apparatus 10, the lifters 24 
include a plurality of separate members which are sepa 
rated from each other and extend axially in circumfer 
entially spaced rows. Lifters in alternate rows are stag 
gered with respect to each other and the free end of 

I each of the lifter members includes saw teeth 24a. As 
best illustrated in FIG. 2, rotation of the drum causes 
the lifters to elevate ore particles from the bottom of 
the drum and release the particles when the lifters 
reach their upper position. The saw teeth 24a assist in 
spreading the ore particles as they fall to increase sur 
face contact of the particles with the gas flowing 
through the drum. 

In operation, small ore particles C are introduced 
into the inlet chute 11 by a conveyor belt asembly T or 
by other suitable means. The lower end of the chute 11 
extends through the upper end assembly 12g and opens 
into the tubular body of the preheater l2. Ore falling 
through the chute 11 is passed through the air lock 13 
before being admitted into the preheater to maintain 
desired pressures within the preheater. The air lock 13 
is preferably operated by a suitable automatic control 
system (not illustrated) which causes the air lock to 
open and close as required to maintain suitable 
amounts of ore within the apparatus. The drum portion 
12' of the preheater 12 rotates about an axis which is 
inclined slightly with respect to the horizontal. The in 
clination of the drum causes ore particles which are re 
peatedly .elevated and dropped by the lifters within the 
rotating drum body to advance through the drum to 
ward the lower drum end. As the ore advances in this 
manner through the rotating drum, it is heated and de 
hydrated by the gas ?owing through the drum. 
The lifters adjacent the lower end of the preheater 

drum 12’ drop the ore particles onto a tray 14a formed 
at the upper end of the connnecting chute 14. Ore 
dropping onto the tray 14a slides through the chute to 
the second air lock 15. The air lock 15 is operated au 
tomatically to open and close whereby the preheated 
ore is introduced into the treating area within the cal 
cining drum 16a without permitting gases to ?ow 
through the chute 14. The lower end of chute 14 ex 
tents through the calciner end assembly 16d and drops 
the preheated ore into the upper end of the rotating 
drum 16a. 
The central axis of the calcining drum 16a is also 

slightly inclined with respect to the horizontal‘and rota 
tion of the drum causes the preheated ore particles at 
the upper end of the drum to be repeatedly elevated 
and dropped while they are advanced toward the lower 
end vof the drum in a path substantially similar to that 
indicated by the arrow P. As the ore is moved through 
the drum, it is intimately contacted by the hot gas 
stream ?owing in the direction of the arrow 17 and the 
temperature of the ore particles is gradually increased 
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to the temperature required to cause decrepitation. 
The change in state of the particles associated with de 
crepitation permits the resulting smaller particles to be 
carried upwardly through the drum by the gas stream 
where they are removed from the treating area through 
the outlet duct 18 opening through the end assembly 
16d. particles which are not carried in the direction of 
the gas ?ow advance through the drum and are ejected 
from the treating area through the air lock 16j in the 
tailings chute 16k. 
The heated gas and particles carried by the gas trave 

eling through the duct 18 are introduced into a cyclone 
separator 19 which separates the heated gas from the 
decrepitated particles P. The particles P which are up 
graded, classi?ed colemanite taken from the raw, un 
processed colemanite ore are carried away by a con‘ 
veyor R or other suitable means. 
The hot gas separated by the separator 19 is commu 

nicated through the tube 20 into the preheater 12 
where it functions to heat and dry the ore particles in 
the manner previously described. The gas leaving the 
preheater 12 through the output line 21 is cleaned of 
dust and other small particles by the wet scrubber 22. 
The exhaust fan F cooperates with the input blower B 
to provide the desired gas flow through the apparatus 
10. 
The foregoing disclosure and description of the in 

vention is illustrative and explanatory thereof, and vari 
ous changes in the size, shape and materials as well as 
in the details of the illustrated construction may be 
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6 
made within the scope of the appended claims without 
departing from the spirit of the invention. 
We claim: 
1. A method of processing ore containing a combina 

tion of decrepitatable colemanite and nondecrepitata 
ble gangue whereby the colemanite and gangue are 
separated from each other comprising the steps of: 

a. ?owing a heated gas stream linearly upwardly 
through a treating area along a path which is in 
clined with respect to the horizontal whereby the 
gas travels from a lower point to a higher point: 

b. introducing said ore into said treating area at said 
higher point; t 

c. repeatedly lifting and then dropping said ore while 
moving said ore through said gas countercurrent 
along a path substantially non-parallel to the direc 
tion of flow of said gas until the colemanite in the 
ore is gradually heated to a temperature equal to or 
above the point of decrepitation and below the 
point of fusing or agglomeration of the colemanite 
whereby the colemanite decrepitates and separates 
from the gangue; 

d. moving the decrepitated colemanite with said gas 
stream in the direction of gas flow; 

e. separating the gas-moved colemanite from the gas; 
and 

f. removing the gangue from the treating area at said 


