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 “This invention relates}“ generally to'proces'ses: for: ag-
glomerating iron ores and particularly to processes for
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“indéx of pellet- resistance to- degradatxon

subjected to'a. tumbhng ‘test. developed to estabhsh an
It" has ‘been
determined ' that -these: pellets when - subjected to - the

established: tumblrng ‘test- produce from 13 to 15 percent -

minus 28 riesh fines.” Thesé fines have ‘been observed
to‘result from-both- pellet breakage and-surface abrasion.

" Such fines produced by the “handling and shlppmg of
) the pellets are detrimental to smelting processes. .

: The: prmc1pal object “of : the . present -invention is to
provide: a new: and rmproved process for heat treatmg
agglomerates of finely divided -iron-ore ‘to produce hard
durable :pellets which :when: subject to the established

- tumbling test referred ’to will ‘produce virtually no broken
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making hardened separate pellets of iron ore from finely -

“divided iron oxide ores and concentrates. thereof. such as
magnetite produced from taconites, '

Tt is well known that fine powdery- ore is unsuitable
for treatment in blast furnaces, open -hearth furnaces,
and the like used in the iron -and steel industries.
number of methods have been tried with varying degrees
. of success”for agglomerating such fine ore particles to
make them suitable for handling, shipping and use in
‘blast. furnaces or other types of smelting furnaces.
. quetting presses and extrusion pelletizers have been used,
however -operating - maintenance costs have been unde-

srrably ‘high. . Sintering;. a commonly: used method, re- .
quires high fuel consumption and as a process for finely -

divided concentrates-has not been acceptable to mdustry

AT

Bri-

Sintering 1skgenerally used for screened ore. fines of minus "

one-half ‘inch or’less. The product of smtermg is.a
brittle, slag bonded; porous cake and will vary in physrcal
‘Sintering is 2 process that is used. .of

obtained as a result of steel plant. operations...

Rotary krlns ‘have ‘also been used to make. nodules of
powdered ore, ‘however to - produce -the. nodules it is
necessary to have a . slag bonding : component or: the
nodule will not. form, An‘additional result however ‘of
- the . presence of the slag: component is .the formation of

" an’ accretion build-up or ring inside .the kiln. The: krlnv

therefore must periodically be bored ‘out .to maintain
operatron -

dependable .because: of difficulties in obtalnmg uniform

charging and discharging and uniform ‘movement: of ma-;

terial and gases. through the interior of the shaft. ‘These
drﬂicultres in shaft kiln operatron can-lead to nonuniform
burmng, hangmg of the:charge, and sintering together .of
pellets-in parts of the kiln. so as'to hinder gas flow-and
“promote further irregularities such as-overburned clusters

of material in some parts of the.charge ‘and underburned'.
Pellets of ore.con-
centrates are also burned on horlzontal travehng -grates.:
Several. variations .of  burning -on grates have been -de-.

pellets in other parts of the charge.:

Pellets: of ore. concentrates are also. burned»
in shaft type kilns, - But the shaft kiln-is not. always
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pellets. and will ‘reduce. fines ‘produced” by abrasion” to
the order of only 11075 percent thus producing a pellet.
of ivastly superior resrstance 10 degradatron from’ handlmg :
and shipping: - -

" Another object of- the present mvenuon is to provrde.

‘a new and improved process for producmg a more um-

formly burned. pellet of finely -divided iron' ore..
Another object of :the: present ‘inventionis  to- provide
a new-and improved process for heat treating. pellets of
iron ore in which"dust and finés produced during early
stages.of ' the processiwill durmg later stages of the proc:

¢ss: be welded ‘1o the péllets before the pellets have com-
pleted their. processmg and are’ drscharged frorn the proc- . .

essing equrpment

The process accordrng to thrs mventlon is apphed ‘to
a material comprising finely' divided ‘magnetite iron ore
in'a moist condition’ such as"is generally produced by
maghnetic concentration of magnetic taconites.

“The finely ground moist 6re concentrate is first formed
into- small agglomerates or” gréen” water bound pellets.

. The pellets-may be formed i in-any desired ' known manner:

such as by’ brlquettmg, extrision processes, balling drums ’
or balling pans.: Briquetting: or extrusion:processes are
less desirable than balhng drums’ or pans.
drums .or: balling pans it’is well known that peliéts can
be produced .without -a" binder or plasticizer other than:
water, however . it may sometimes be desirable to utilize

. an additive such as'a fraction of a percent of bentonite.
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.meable support such as‘a grate.
_a layer of about seven inches: deep will give good resulis:

:The green pellets' are’ formed- intoa" body -of pellets ~
that is movablé‘as a ‘body. with mdrvrdual -pellets -being .
at rest:within the: body ‘This ‘may. be accomplished by’
formmg the “pellets .in"a. layer’ upon ‘a movable-gas per-
“It has been’ found that’

with-green pellets averagmg in size between one—half and

50 three-fourths ;of an inch in ‘diameter.

Atleast first and second gas confining zones are estab-
lished' ‘through which'the body of the pellets can be con-;

. veyed With a body: of pellets such as a layer on.a mov-

- ing grate, the first and-second gas confining zones may

58

veloped such:as one variation in.-which finely. drvrded_» ’

fuel is mixed with the ore before it is pelletized, and in- 6l)
- With grate type k

heat hardenmg equlpment side wall. structure of - some.
kind: must be provided. to keep the pellets on the- grate. -
" Asa result of this side: wall.structure a nonumform heat-

another variation: the pellets after they have been formed
are .coated . wrth .a finely divided -fuel.

transfer to the pellets takes place RS
. It has been established that the product form the travel-

ing grate and the shaft kiln have.certain physical <char-- -
- acteristics. which are ev1denced by theability -of; pellets:
produced by these two means to withstand degradatrong'
.from handling,: shipping and: stockprlmg ‘which the pellets
are subjected to- before they-are finally placed in a blast:
The product. from these -processes. has- been; ,

.- furnace. .

~zones and’ drscharged into’a ‘third zone,
-:; turnbled ;through:‘this. tHird zone.

be" established by all' structiire around. the grate. The’
body. of :pellets is- conveyed through the first and ‘second
The pellets are’
The third zone may-

-be - established by providing apparatus such as a gener-~

ally ‘horizontal - ‘Totary *kiln. Rotation of the rotary kil

about its central-axis will achreve the desrred tumbhng"

action . of -the -pellets. s
A-flow: .of highly heated strongly oxrdrzmg gases ‘is -

effected. that is: countercurrent to- path of movement of

85
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-the tumbling pellets.’
. viding a comibiistion devrce at the discharge end :of the

-‘Fhis may be accomplrshed by‘pro=’

rotary’ kiln and adxmttmg dirto the discharge énd of ‘the

“rkiln in quantrtxes in excess of the' requlrements to support ;
-combustion: of fuel,

‘After the highly heated oxidi
gases have passed through the third zong these gases

fPassed through the body of the pellets. within’ ‘the' second,a:
_’zone and then agam through the body of pellets in:the:. L

“With ‘balling -

g



first zone.. This may be accomplished by d1rectmg the
gases discharged from the rotary kiln into the wall struc-
ture defining the second zone and directing these gases
io pass downwardly through. the body of pellets -on. the
,:,rate within thé. second zone. The gases after they have
passed througn the body of pellets in the second .zone
can Do dlrected from the wall structure defining the sec-
ond zone to the wall structure defining the first' zone and
then directed to make a second pass-downwardly. through
the ‘body of pellets in the first zone.

The ‘temperature of the oxidizing gases and the rate of
movement of the body of pellets through -the :first and
second’ zones are correlated to-heat treat the -pellets suffi-
ctently to withstand the tumbling action in the third zoge
wherein the final hardemng of the pellets. takes place
“This is accomphshed by first -heating. the -pellets in: the
first zone - sufficiently to drive off -the moisture from the
pellets and dry them.. - Then additional: heat is-applied
to the pellets in_the second zone: to preheat :and initiate
the conversion of the magnetite in the pellet to-hematite.
This is accomplished by. heating the pellets in the highly
oxrdleng atmosphere to,.a temperature between approx-
imately 1600° F. and 1800° F.. This transformation:can
be symbolrcally expressed by the formula

4F6304+ 029 6F6203

After having reached a temperature of at: least approx—
imately 1600° F., the grains comprising the .pellets are
at ‘least superﬁcrally oxrdlzed to hematlte During the
oxidation reaction, individual grains .of transformed
hematite bridge together by grain growth .and .recrystal-
lization, i in the solid state, -without reaction with available
silica, to imitiate a structure of.the mineral component
forming the, pellet The oxidized pellet; - having. been
raised to.a temperature of from .1600° F. to 1800° F
has developed from the grain growth of: its ‘mineral. con-
strtuent, sufﬁcrent strength to withstand the ‘tumbling
action in the thlrd zone.  This crushing strength of. pellets
on the second is..of the order of one to two. hundred
pounds The amount of bndgmg of the grams -of the
pellets in the temperature range existing. in. the second
zone, is sufficient to give strength to. the pellet to. with-
stand. tumuhnc in the third zone but will. not-cause .the
pellets to stick together because of the small amount of
contact between the. pellets.

‘To provide final heat,treating of .the pellets, the pellets
are dlscharged from the second zone: into thé:third zone
where they are tumbled and subjected.to highly heated
ox1drzmg -gases. to maintain and develop the hematite

structure within: each pellet to, complete the. network ‘of -

brrdf’ed hematrte crystals, . This.is -accomplished. by sub-

jecting the pellets to a maximum temperature. in - the.

range of at least about 2200° F. but. not:more.than about

2450" F. thergby maintaining the pellets at a temperature.
“Sintering

below the srntermg temperature.-of . the. ore.
temperature,” as used herein, means that temperature at
which the incipient fusion. of certain constituents of the
ore particles occurs. When;the pellets: have: reached a
temperature ;of about 2200° F. a continuous network
of hematite crystals will- exist.in. the pellets which has
caused an increase in. pellet strength.

the pellets prior. to. their. attaining adequate strength to

resist degradation are picked up by the.tumbling-pellets.

in the third zone and can be. fused.to the tumbling pellets

thus provrdlng an extremely low. percentage of.fines.and-
dust .in the gases passing through the second and first:
The additional filtering action of the. gases pass--
mg through the. body of pellets.in the.second and first:

zones

zones, rest.lts in an overall reductron of dust and fines
produced.

“Since the maximum temperature of the pellets is not

perrntted to’ exceed approximately 2450° F. the hématite
in'the pellets will not thermally decompose back to mag-
netite. Since there will be no magnetite in the pelléts

: In addition: dust:
or fines that might have: resulted from:the movement of:

2,925,836
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and since the pellets will not be raised to. decomposition
temperatures .there will be no slag produced. - By elim-
inating the possibility of slag formation the danger of
ring formation in a rotary kiln is also eliminated. High
pellet strength is assured by the absence of slag. Slag .
or iron silicates are the weakest component in the pellet
and pellets containing such are brittle and: have a much
lower crushing strength than that attained by the heat
treatment in the third zone of this process.

The pellets nroduced by -this process.are so hard that
they will scour the lining of refractory -equipment such
as the rotary kiln which may be used for the final burning.

For convenience and clarity, the process will be further-
described as proposed to be comtinuously carried out on
equipment of the traveling grate and rotary kiln type
shown schematically in’ Fig. 1 of the drawings.

Fig. 2 is a drawing of a microphotograph of a pellet
that has been dried and preheated to initiate the conver-
sion of ‘magnetite in the pellet to hematite. ~This figure
also shows that individual grains of hematite are bridging
together by grain growth and recrystailization in the solid
state. The gray area inthe grain' shown is magnetiie
and the -white area is ozndrzed magnetite, transformed to
hematite.

Fig. 3 is'a drawing of a microphotograph of a peliet
as'shown in Fig. 2 when very little of the magnetite re-
mains in the grains and substantial-bridging of the grains
has taken place.

Fig. 4 is a drawing of a mrcrophotograph of a pellet
that has been heated sufficiently to substantially complete
the-conversion of magnetite to hematite and develop a
network of bridged crystals having’sufficient strength io
withstand the tumbling action during tne final ermns
of the pellets according to this process.

Fig. 5 is a drawing of a mrcrophotocrraph similar to
Fig: 4 but to greater magmﬁcatxon showing the bridging
together of individual grains of hematlte to prov1de the
network referred to:

Fig. 6 'is a drawing of a microphotograph of a pellet
after final burning according to this invention. In this
figure it can be seen that when a pellet has been burned
according to this mventron in a temperature range of at
least about 2200° F. but not more than about 2450° F.
that tecrystallization and grain growth will have taken
place to provide a continuous network: of hematite crys-
tals within the pellet to provide greatly “increased -pellet

. strength ‘over that shown in Figs. 4 and 5.~
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Fig. 7 is 'a drawing of a microphotograph of a pellet
showing -the_ effect of overheating. the pellet during final
burning: This'shows a pellet that has been-burned to
over 2400° F. It can be seén that the gray areas which
are magnetite ‘are beginnig to reappear as the hematite
in ‘this temperature range converts back to magnetite.

For convenience and clarity; the process will be further
described as-it may be contmuously carried- out on- the
equipment- shown schematically in Fig. 17of the draw-
ing. Green water-bound pellets of concentrated mag-
netite ore may be formed in -a pelletizing pan 10 of
conventional construction. The pelletizing pan 20 may
discharge pellets on ‘a conveyer belt 11 for transferring
them to a-hopper iz that in turn deposits them on a-mov-
ing grate 13i

The grate 13 is a gas permeable grate with openings
fine- enough to retain the pellets being handled, and will
beof heavy cast iron bar or perforated plate construc-
tion' of heat resistant: steel. As shown, the grate 13 is of
the same general type as is now 'known in the sintering
machine art and consists ‘of an-endless chain of grates
traveling - over- miechanically ~ rotated supporting rolls
15; The upper portions of -the grate 13 will be sup-
ported. mechanically by known structure (not shown)
placed between the rolls.

Beneath the generally horizontal working surface of
the grate 13 and-under the feed end, a first suction box
16'is arranged ‘with-an opening connected to an exhaust
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fan 19 and a stack 20 for drschargmg gases. from the
first suction box 16 to the atmospheré. Above the.suc-
tion box 16 and adjacent the feed end of the grate 13 is
a hood 21 extending over the grate 13 to create a “first
chamber 22 through whxch all matenal on the grate
13 must pass.

Adjacent the first hood 21 and in the dlrectron of grate :

travel is a second hood 23 over a second suction: box
24 which with wall structure 25 forms a second zone
26 through which all material on the grate must pass.
The second suction box 24 which is beneath the second
zome 26 is connected to the first hood 21.by a .tube 27
to direct gases that have passed through the grate. 13 in

The. hlghly heated oxxdrzmg gases, after they have paSSed o

the second zone 26 to the first hood. for passmg such, .-

gases through the grate moving through the ﬁrst zone
22.

Adjacent the end of the travelmg grate 13 remote

from the feed hopper 12 is an inclined surface. 30 for

receiving pellets from the traveling grate and dlschargmg :

the ‘pellets into a third zone 31 within a rotary kiln 32.
Theé rotary kiln -32 may - be of relatively conventional

: the mov1

"and then
“the first: zone 22_ over the moving, grate. .
first zone 22, the gases will be drawn downwardly through

6

thri "gh the third Zone 31.in the rotary kiln-32 ‘countei-
’ 'mblrng pellets thhm the kiln,

grate 13 through the pellets ‘on the' moving"
nto. the second wind box 24 below the grate
,hrough the tube 27 to the’ hood 21 defining.

" From. the

the, pellets ‘on the .grate'into ‘the ﬁrst wind box 16 beneath .
the ‘Crst’ zone. Jfrom where the gases ‘will pass to the at-

amosphere up ‘through the stack 20. - Sufficient quantity
‘of -air must be provided: to ‘cool the pellets to a tempera- -

ture ‘at: ‘which they .can”be handled,” maintain : combus-

- tion of the fuel admltted through the burner and to main-

20

* tain'a flow of strongly oxicizing gases through the zones. -

of treatment established to treat the pellets. It has been

) determmed that ‘these requirements can be met by. admrt-‘

construction having roller supports 33 for supporting the -

kiln at various pomts along its entire length.. . The kiln

may be rotated in the conventional manner by prov1dmg :

a motor driven shaft 34 and gear 35 for engaging a girth.
gear 36 around the body of the kiln 32. . The end of the
rotary kiln 32 remote from the traveling .grate 13 is
enclosed with a firing hood 40. A burner 41 may ‘be
provrdcd that projects inwardly through  the hood 40
that is supphed with fuel through a tube 42 and primary
combustion air through a tube 43. A cooler 50 'may be
provrded directly beneath the ﬁrmg hood 40 for. receiv-

- 1ng the burned pellets from the kiln 32: " Secondary. air

for cooling the pellets may be rn]ected into .the cooler

- structure by a secondary blower.51. " It.is. desirable that
the cooler be of the type having cooling air passing up-
- wardly or countercurrent to descending pellets. . After the
pellets have been cooled they may be discharged from
the bottom of the cooler 50 onto a conveyer 52 for de-
livering the cooled pellets to some: convenient or, desir-
able location. The cooler 56 may be of the general type
described and claimed in the copendmg United States
application of Otto G. Lellep; Serial Number 591,321,

filed June 14, 1956. With this type of cooler the cooler”

body is rotated about a vertical axis -as shown by a

25
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_ting sufficient air through the ¢ooler to provide. in the
kiln about 50 ‘percent. miore air than that theoretically

requlred to' maintain. the, combustton of-fuel. "It has also:.

been’ determrned that optimum thermal efficiency for the - .
’process will résult from providing. about -240 . percent

more air than' that reqmred to .maintain combustion .of.
the- fuel necesssary to create- the temperatures reqmred to
carry .on the process. £ ..

“The temperature of the " omdlzmg gases requlred in

~this’ process is determined and. controlled. by the amount

of fuel burned and thé amount of air ‘and the preheat
temperature of such air’ adrmtted to the rofary kiln.  The.
temperature of the oxrdrzrng cases: and the rate of move-
ment of the body. of pellets through the system-is cor-
related so that the OXIdlZlnf' gases, whrch at the: drscharge

-end of the rotary kiln.32 are maintained at about.2450°
"F. are at the' grate end of the Totary kiln about 1800° E.:

As the gases pass‘into the second zone 26 and down-.
wardly through ‘the bed of pellets into the second wind:
box 24 son.e of the heat will be transferred from the gases

to the moving pellets ‘The' depth of the layer of pellets:

on the-grate.13_and’ the rate .at_which- the pellets are

" moved through the second zone ‘will determine how much:

45:

motor-53 driving a speed reducer 54 which in turn drives.

a gear 55 that turns the cooler body - about a central
vertical axis.
The process is, carned out on the described apparatus

by .placing the green water bound pellets on the grate 5

13 thus forming a body of pellets that is movable as a
body with individual pellets .being addressed within- the
body of pellets. -As previously stated, it has been:found

that a layer of about seven inches deep will give good: . -
55.

results with green pellets averaging in size between: one-
half and three-quarters of an inch in- diameter. - The
body - of _pellets ' established on the grate. 13 is- then
- passed through the first zone 22 and- then through
the second zone 26 and discharged into the third zone
31 ‘established within the rotary kiln 32.
then. tumbled through: the third: zone 31 - in-the kiln: 32~
and drscharged into the cooler 50. The. pellets. - will:

tumble through the kiln: as a ‘result:of the: rotation : of:

The pellets are:

‘the pellets are heated in the ‘second zome ‘and how much =

heat" femain in ‘the gases that reach the second wind-
box. These factors’ are to be controlled .so’ that .the

* gases delrvered to the first zone 22 above the moving,

grate will be of the order of 500 to 900° F. The tem-- -

'perature -ranges referred to in each of the three zones,

- the first two over the moving grate and the third in the

80

the rotary kiln abouit . its central axis -and’ the fact that: -

tle kiln is tilted: -downwardly toward. the cooler.

A flow. of highly ‘heated. strongly -oxidizing - gases ‘is-
effected that is countercurrent to the:movement of:the:

pellets -through the third zone 31.- :Fuel and primary

combustion air delivered .through the tubes- 42, 43 con-:

nected. to the burner will provide a flame extending into-
the rotary kiln. - The quantity :of air supplied by -the:

secondary blower- 51 for.countercurrent flow through the-

-85
* ‘mately 1600° F, and 1800°.F. ‘Figs.2, 3, 4 and 5 show-
“the: transformation that takes place within-the pellets

707,

pellets in the cooler 50 will insure a sufficient excess of.

air being-admitted to the rotary icooler to. provide ‘the’
strongly oxidizing heated gases required by this process.:

15

. pellets for, treatment -in the second zone,

: ‘rotary kiln, have ‘been determined to be practical so that

the rate of pellet transfer through the three zones can

“.be controlled in accordance with the: objects of this in-

vention. | With. the: temperatures of the order referred

to the rate of pellet transfer through the zones 22, 26,

31 can be controlled so that within the first zone the -
pellets ‘will be heated sufficiently to drive off substantially -
all "of ‘the moisture from the: pellets- and . provide “dry
+ Additional
heat ‘i lS apphed to’ the pellets within- the second zone to
preheat them ‘and- initiate the conversion of the mag- .
netite “in  the -pellet to- hematite.. -As prevrously stated
this is accomplished, by heating. the :pellets in the hrghly!
oxidizing atmosphere to a temperature between' approxi--

before they are discharged into the third zone 31 within
the rotary kiln 32.. Fig. 2 shows a grain of what was
magnetrte as it is changing to hemiatite.: The white area
is h_ematlte and- the light gray 'area magnetrte . The
dark -gray. spots within the- pellet shown in Fig.'. 6 are: -

: partlcles ‘of silica. which are slag. forming - agents and® *°

would form a slag if they were to combine with ‘mag- " -
netite.. Howeyer; before the pellet reaches” a temperg- "
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ture which will allow the silica to react with the magne-
tite, the magnetite will have. changed to hematite. As the

magnetite changes to hematite . the needles jof hematite.

that can be seen in Fig. 2 projéct themselves into the re-
maining areas of magnetite as the conversion ‘takes place.
This figure also shows the . beginning of grain growth
and recrystallization. of the pellet that begins. to form a
network of bridged grains. . Fig. 3 which is slightly

greater magnification than Fig. 2 shows grains of the.

pellet that have almost completely changed from mag-
netite to hematite. It can be seen that very little of the
gray area, which is magnetite, remains in these: grains.
It can also be seen that the grain growth.hes proceeded
to-make a substantial bridge.between the. three principal
grains shown in this figure.
travel through the second zone the last remaining mag-
netite will continue to convert to hematite. Fig. 4 shows

a pellet that has .completely converted from .ragnetite °

to hematite. - It can be seen in this figure that recrystal-
lization has taken place and grain growth has proceeded
sufficiently to create a network of joined. grains.that can
be seen in Figs. 4 and 5. Fig. 5 is similar to Fig. 4
but to greater magnification. The grain growth and
bridging of individual grains to injtiate a_network of
crystals shown in Figs. 2, 3, 4 and ‘5, will impart in-
creased physical strength to the pellet in the range of
from one to two hundred pounds . criishing strength
dependlng on the extent of the dévelopment of the net-
work within ‘the pellet. . Pellets are thereby. provided
havmg sufficient strength to withstand . the  tumbling

wction in the. third zone 31 within the rotary. kiln. 32.
At the temperature ranges established in-the first and
second zores there will not be: sufficient bridging of
grains - of the mineral constituents to . ctuse., separate
pellets to stick together because. of the. merely slight
amount of physical contact between the separate pellets.

When the pellets are discharged from the moving grate
13 into the third zone 31 within the rotary kiln 32 they
are burned to a temperature of about at least 2200° F.
but not more than about 2450° F. As the pellets are
heated to this temperature range they are tumbled throngh
the rotary kiln thus continually exposing new. surface
areas of the pellets to the hot gases within that.zone
and thereby producing a very uniformly .burned -pellet.

During this stage of the heat treatment -of  the. pellet,.

the tumbling pellets may pick up and forge onto the
pellet dust or fincs.

The final burning that takes place in the. third. zone
31 within the rotary kiln 32 produces a pellet shown
in- Fig. 6. ~ This figure shows how grain growth and
recrystallization has proceeded to a pomt,where.a con-
tinuous network- of hematite crystals exists. . This con-

As the pellets .continue to..
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tinuous ‘network provides a pellet with greatly increased

strength. This figure also shows a portion . of silica em-
bedded in the hematite network. The silica shown in
this figure has not become slag but has remained as

a dormant particle of silica within a surrounding body of
hematite If the temperature of the pellets in the third

zone within the rotary kiln is permitted to get above’

about 2450° F. then hematite will begin to decompose
back to magnetite, Magnetite at such a temperature range
would then comibine with  available silica to form slag
which would result as previously stated in a weaker pellet
and an -accretion build-up of a ring within thé rotary
kiln. :Fig. 7 shows a’portion of a pellet. undergoing
such reconversion from hematite to magnetite.. In this

photograph it can be seen that the gray areas of the in--

dividual grains-which are magnetite are beginning to re-
appear. Continued exposure to temperature above ap-
proximately 2450° F. would complete the conversion of
hematite back ‘to magnetite and tesult in the magnetite
combining with silica to-form slag. ‘With the process con-

trolled - so. as. to- burn the pellets-to a- temperatiire .of-

2200to..approximately: 2450° “F;' but .not over-approxi:

mately2450°- F.. the pellet shown:in: Fig. 6.will-be pro-
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duced Thls pellet - has . the desu‘ed streugth to thh-
stand handling, shipping .and’ charging . to a.smelting
furnace.  This pellet has ‘been subjected to the tumbling
test prevxously referred ‘to and it has been determined
that-this pellet' will*be so hard that it will not break
as the result of the _tumbling test and that fines produced
by -abrasion of one pellet on another will be reduced to.
the: order of one to five percent or an improvement of
from 245" to-15 ‘times that which is produced by burn-
ing on a traveling grate alone or in a shaft type kiln.

From the fo oregoing it'will be apparent to those skilied
in this art that the process described provides a new
and -improved way- of producing pellets of concentrated
iron ore for use .in a blast furnace or other smelting ap-
paratus and accordingly accomplishes the objects of this
invention.. On the other hand, it will also be obvious to
those. skilled in the:art that the process .may. be .varied -
or modified withotit necessarily departing from the. spirit
of the invention or sacrificing all of the advantages thereof.
Accordmgly, the disclosure herein is illustrative only.
and the invention is not limited thereto. .

What is claimed is:

1. For making hard, unsintered, dense, discrete hematite
pellets from- finely divided iron ore, the process com-
pnsmg making individual green pellets of a preselected
size out of sald finely divided ore; forming said individual
green pellets into a movable gas pexmeable .body with
said ‘pellets at rest relative to each other within said
bedy; - establishing at least first, second : and 'thitd gas
confining zomnes; conveylng said ‘body of pellets through
said ﬁrst and second zomes at a first. preselected rate;
discharging said body from said third’ zone while simu-
ltaneously disrupting-said body and imparting movement
to said pellets relative to each other; tumbling said pellets
through said third zone. at a second ‘preselécted ‘rate to
maintain-the ‘movement of said pellets relative to each
other; effecting a flow of highly heated gases containing
a surplus-of oxidant successively through said ‘third zone:
countércurrently to said movement of said. tumblmg pellets
therein, through said- body in said second zone, and
through said body in said first zone; and correlatmg the
temp\,rature of said heated gases simultangously with said
preselected pellet 'size and said first preselected rate to
transform said individual green peliets into dry, preheated

discrete pellets containing hematite (as evidenced by ‘the
growth -of “individual® grains of hematite into.. bridging
relationship 'with adjacent grains-and a pellet strength
capable of withstanding said tumbling) for discharge from
said ‘second zone to szid third zone, and with said. pre-
selected pellet size and-said second: preselected rate to
transform- said dry, preheated- discrete pellets. contain-
ing hematite into hard, unsintered discrete pellets, each.
having a continuous network of bridged hematite there-
through.

2. For making hard, unsintered, dense, discrete hematite .
pellets from finely dmded -iron -ore, the ‘process COIan'lS-
ing: making individual green pellets of a preselected size
out of said finely divided ore; forming said- individual:
green pellets into a movable gas permeable body with
said pellets stationary relative to-each other -within:said
body; establishing at least first, second- and - third gas
confining zones; conveying said body: of pellets through:
said first and second zones at a first preselected-rate; dis-
charging said body from said second ‘zone to said thlrd'
zone while simultaneously disrupting said body and im-
parting free' movement to said pellets relative to -each
other; tumbling said pellets through said third-zone at‘
a second preselected rate to maintdin the free movement
of said pellets. relative to each other;- effecting -a- flow-
of highly heated oxidizing gases countercurrently- to- said -
movement of ‘said pellets stccessively through said free
moving-‘pelléts in said ‘third zone, through"said body- of-
said relatively stationary ‘pellets in-said second-zone; and
through: said body-of said ‘relativély -stationary “pellets-
in: said-fifst-:zone; and-the-temperature.-of ‘said heated-



oxidizing gases being correlated simultaneously with said
preselected pellet size and said first preselected rate to
transform said individual-green peliets into dry, preheated
discrete pellets containing Lematite (as evidenced by the
growthi-of individual grains of hematite into bridging rela-
tionship with adjacent grains and a pellet strength capable
of withstanding said tumbling) for discharge ‘from said
second zone to said third zone, and with said preselected
pellet size and said second preselected rate to transform
said dry, preheated discrete pellets containing hematite

into hard, unsintered discrete pellets, each having a con-.

tinuous network of bridged hematite therethrough. - .

. 3. For. making hard, unsintered, dense, discrete hema-
tite peliets from finely diided iron ore, the process com-
prising: ‘making individual -green pellets of a.preselected
size out of said finely divided ore; forming said individual
green pellets into a movable gas permeable body with
said pellets at rest relative to each other within said body;
establishing at least first, second and third gas confining
zones; conveying said body of pellets through said first
and second zones at a first preselected rate; discharging
said body from said second zone to said third zone while
simultaneously disrupting said body and imparting move-
ment-to said pellets relative to-each other; tumbling
said pellets through said third zone at a second preselected
rate to maintain the movement of said pellets relative to
each other; burning fuel to provide a flame; supplying
said flame with oxygen of 50 to 240 percent in excess
of the oxygen required to support the combustion of said
fuel to provide a supply. of highly heated ‘strongly oXi-

dizing ‘gases; -effecting a.flow of said highly heated -

strongly oxidizing gases from said supply - successively
through said third zone countercurrently to said move-
ment of said tumbling pellets therein, through said body
in 'said second zone, and through said body in said first
zone, said gases being at.a temperature with respect to
said preselected pellet size and said first preselected rate
to transform said individual green pellets into dry, pre-
heated discrete pellets containing hematite (as evidenced
by the growth of individual grains of hematite into bridg-
ing relationship with adjacent grains and a pellet strength
capable of withstanding said tumbling) for discharge
from said second zone to said third zone, and'said gases
being at a temperature with respect to said preselected
pellet size and said second preselected rate to transform
said: dry, preheated discrete pellets containing hematite
into ‘hard, unsintered discrete pellets, each having a con-
tinuous network of bridged hematite therethrough.

4. For making hard, unsintered, dense, discrete hema-
tite pellets from finely divided iron ore, the process
comprising: making individual green pellets of a pre-
selected size out of said. finely divided ore; -forming

said individual green pelletsinto a movable gas permeable:

body with said pellets at rest relative to each other
within said body; establishing at least first, second. and
third gas confining . zones; effecting a flow- of :highly
heated oxidizing gases successively through said third,
said second and said first zones; conveying said body
of pellets through said first and second zones at a first
preselected rate while simultaneously passing said heated
gases through said body in said second and first zones
nntjl said individual green pellets are transformed into
dry; preheated discrete pellets containing hematite (as
evidenced by the growth of individual grains of hema-
tite into bridging relationship with adjacent grains and
a pellet strength capable of withstanding the forging
action of impact during tumbling); discharging said body
of dry, preheated discrate pellets from said second zone
fo said third zone while simultangously disrupting said
body into a plurality of diserete pellets and fines moy-
able relative to each other and tumbling: said pellets
through said third zone at a second preselected rate to
maintain the movement of said pellets and said fines rela-
tive to each other and to promote collision impact there-
between to forge said fines to said pellets while passing
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said heated gases countercurrently to said movement of
said tumbling forging pellets therein until said dry, pre-
heated discrete: pellets and fines containing hematite are
transformed  into hard, unsintered discrete pellets. with
substantially no fines, each of said pellets having a con-
tinuous network of bridged hematite therethrough.

5. For making hard, unsintered, dense, discrete hema-

. tite pellets - from _ finely divided iron ore, the process

comprising: making individual green pellets of said finely
divided. ore; forming said individual green pellets into
a.movable gas permeable body with said pellets at rest
relative to each -other within said body; establishing
first, .second :and  third . zones: conveying said body of
pellets through said first and second zones; disrupting
said body.-of pellets and tumbling said pellets through
said - third 'zone;: effecting a flow of heated oxidizing
gases successively through said third, second and. first
zones, the temperature in each of said zones being main-’
tnined below the sintering temperature of said ore; main- -
taining said body of pellets in said second zone until’
said pellets are dry, preheated, and have individual grains
of hematite within each pellet, which have commenced
to grow into bridging relationship with adjacent grains
of hematite; then, before said grain growth becomes a
continuous network therethrough, discharging said pellets
into said third zone; and continuing said tumbling of said
peliets in said third zone until said grain growth be-
comes a continuous completed network of bridged grains
of hematite in each of said pellets.

. 6. For. making hard, unsintered, dense, discrete hema-

" tite pellets from finely divided iron ore, the process com-
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prising: - making “individual green pellets of said finely
divided ore; forming said individual green - pellets into

.a movable gas permeable body with said pellets at rest

relative to each -other within said body; establishing
first, second' and third. zones; conveying said body of
pellets through-said first and second zones; disrupting
said body of pellets and tumbling said pellets through
said third zone; effecting a flow of heated oxidizing
gases successively through said pellets in . said third
zone and through said body in said second and first zones
to heat said pellets and said body while maintaining
their respective -temperatures below the sintering tem-
perature of said ore; maintaining said body of pellets in
said second zone until said pellets are dry, preheated, and -
have individual' grains of hematite within each pellet,
which have commenced to grow into bridging relationship
with adjacent grains of hematite; then, before said grain
growth becomes a continuous network " therethrough, dis-
charging said- pellets into-said -third zone; and continu-
ing said tumbling of -said pellets in said third zone ta
complete - growth  of hematite grains and recrystalliza-
tion thereof until:said grain growth becomes a continuous
completed network of bridged hematite crystals through-
out each of said pellets.

7. For making hard, unsintered, dense, discrete hema-
tite pellets from finely divided iron ore, the process
comprising: making individual green pellets of said finely
divided ore; forming said individual green pellets into
a movable gas permeable body with said peliets at rest
relative to each other within said body; establishing
first, second and third zones; conveying said body of
pellets through said first and second zones; disrupting
said body of pellets and tumbling said pellets through
said third zonme; burning fuel to provide a flame; sup-
plying oxygen to said flame in excess of requirements
for combustion of said fuel to provide a supply of heated'
oxidizing gases; effecting a flow of said heated oxidizing
gases successively through said third, second and first
zones, the temperature in each of said zones being main-
tained below the sintering temperature of said ore; main-
taining said body of pellets in said second zone until said
pellets are dry, preheated, and have individual grains
of hematite within each pellet, which have commenced . -
to grow into bridging relationship with adjacent grains
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of hematite; then, before said grain growth becomes:
a continuous network therethrough, discharging said:’

pellets into said third zone; and continuing said tumbling
of said pellets in said third zone until said grain growth
becomes a continuous completed network of bridged
grains of hematite in each of said peliets.

8. For making hard, unsintered, dense, discrete hema-
tite pellets from finely divided iron ore, the process com-
prising: making individual green pellets of said finely
divided ore; forming said individual green pellets: into
a movable gas permeable body with said pellets at rest
relative to each other within said body; establishing first,
second and third zones; conveying said body of pellets
through said first and second zones; disrupting said
body of pellets and tumbling said pellets through said
third zone; effecting a flow of heated oxidizing gases
successively through said third, second and first zones;
maintaining said body of pellets in said second zone
at-a temperature of approximately 1600% F. to 1800° F.
until said pellets are dry, preheated, and have individual
grains of hematite within each pellet, which have com-
menced -to grow into bridging relationship with adjacent
grains of hematite; then, before said grain growth be-
comes a continuous network therethrough, discharging
said pellets into said third zone; and - continuing said
tumbling of said pellets in said third zone at a tempera-
ture beneath the fusion temperature of said iron ore,
said temperature being from about 2200° F. to about
2450° F., until said grain growth becomes a continuous
completed network of bridged grains of hematite in each
of said pellets.

9. A process’ for making hard, unsintered, separate
pellets from finely divided magnetite iron ore, said
process comprising the steps of making green pellets of
said finely divided ore, forming said pellets into a mov-
able body with individual pellets at rest within said body,
drying said pellets in said body by heating them to drive
off moisture, then preheating said pellets in' said body
and oxidizing said magnetite to hematite to cause in-
dividual grains of hematite to bridge together by grain
growth but without slag formation; then, before said
grain growth becomes a continuous network therethrough,
tumbling and heating said tumbling pellets in an oxidiz-
ing atmosphere to complete growth of hematite grains and
recrystallization thereof to provide a continuous net-
work of bridged hematite crystals throughout each pellet
without formation of slag while maintaining the tem-
perature of said pellets below the sintering temperature
of said ore.

10. A process for making hard, unsmtered, separate
pellets from finely divided magnetite iron ore, said
process comprising the steps of making green pellets
of said finely divided ore, forming said pellets into a
movable body with individual pellets at rest within said
body, drying said pellets by heating them to drive off
moisture, then preheating said pellets in said body and
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oxidizing said magnetite to hematite by raising the tem-
perature of said pellets in a highly oxidizing atmosphere
to 1600° to 1800° F. to cause individual grains: of
hematite to commence to grow into bridging relationship
with adjacent grains of hematite; then, before said grain
growth becomes a continuous network therethrough,
tumbling- and heating said tumbling pellets. until’ said
grain growth becomes a continuous network of bridged
hematite - crystals in each of said pellets ‘without -the
formation of slag, said heating of said tumbling pellets
being in an oxidizing atmosphere having a maximum tem-
perature of 2200° F. to 2450° F.

11. For making hard, unsintered, dense, discrete hema-
tite pellets from finely divided iron ore containing mag-
netite, the process comprising: making individual: green
pellets of said finely divided ore; forming said indi-
vidual green pellets into a movable gas permeable body.
with said pellets at rest relative- to. each other within
said body; establishing first, second and third zones;
conveying said body-of pellets ‘through said first -and
second zones; disrupting said body of pellets and tumbling
said pellets through said third zone; burning fuel to pro:
vide a flame; supplying oxygen to said flame in . excess
of requirements for combustion of said fuel.to provide a
supply of heated oxidizing gases; effecting a flow of said
heated oxidizing gases successively through said pellets
in said-third zone and transversely through said body in
said second and first zones; maintaining said body of
pellets in said second zone at a temperature of approxi-
mately 1600° to 1800° F. until said pellets are dry,
preheated, and have individual grains of hematite within
each pellet, which have commenced to grow into bridg-
ing rela’aonshlp with adjacent grains of hematite; then,
before said grain growth becomes a continuous network
therethrough, discharging said pellets into said. third
zone; and continuing said tumbling .of said pellets ‘in
said third zone at a temperature beneath the fusion tem-
perature of said iron ore, said temperature bemg from
about 2200° F. to about 2450° F., until said grain growth
becomes ‘a continucus completed network: of bridged
grains of hematite in each of said pellets.
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