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(57) ABSTRACT 
The present invention discloses a process for produc 
ing iron oxide pellets of low residual sulfur. In the pel 
letizing of finely divided ore with carbonaceous mate 
rials as binder, varying amounts of sulfur are intro 
duced. Green pellets are heated under conditions 
leading to coking of the binder and recovery of the 
cracked vapors. The coked pellets are then further 
heated to achieve the desired degree of reduction and 
to diminish the residual sulfur content. A sulfur scav 
enger is initially sprayed on the ore. For pellets that 
will be reduced 85 percent or less, all necessary reduc 
tant is incorporated in the pellet, in the form of the 
coked binder and, optionally, added carbon. Heating 
to the reduction and calcining temperature is rapid. 
For highly reduced pellets (+85 percent), the same 
procedure may be followed, but heating to reduction 
and calcining temperature must be slow for good de 
sulfurization. A preferred alternative for highly prere 
duced pellets involves reduction in two stages: initially 
a 25-50 percent reduction is carried out with rapid 
heating and with all reductant in the pellet. Then, the 
pellets are further reduced with a stoichiometric 
excess of reductant external to the pellet, with fast 
heating to reduction temperature. Because of the 
inherently porous nature of pellets produced with 
liquid carbonaceous binders, reduction is signifi 
cantly faster and more complete than with con 
ventional pellets. 

34 Claims, 3 Drawing Figures 
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PROCESS FOR THE PRODUCTION OF 
LOW-SULFUR PREREDUCED IRON PELLETS 

BACKGROUND OF THE INVENTION 

In U.S. Pat. No. 3,642,465 issued Feb. 15, 1972 and 
assigned to the same assignee as the instant application, 
there is described a process wherein a liquid carbona 
ceous feedstock at a temperature above 300°F. is 
sprayed on preheated finely divided ore, so that the oil 
cracks on contact with the ore. Under such conditions, 
little or no agglomeration takes place, but an evenly 
dispersed ore-carbon mixture results. After intermedi 
ate grinding, if necessary, the mixture is fed to a pellet 
izer maintained at a lower temperature, where addi 
tional residual oil at a high temperature is sprayed 
thereon, with little or no cracking taking place, and pel 
lets are formed in the 4 to 2 inch size range. The pellets 
are passed to a coker maintained at a temperature of 
900-1,400 °F. where the volatile content of the pellets 
is cracked and driven off. Since the amount of volatile 
material in the pellets is sufficiently low, vapor evolu 
tion during coking does not cause significant size deg 
radation, but pellets of a distinct, finely porous struc 
ture are produced. Such pellets are described in U.S. 
Pat. No. 3,420,656, also assigned to the same assignee 
as the instant application. The coked pellets contain 
sufficient carbon to achieve the desired degree of re 
duction of iron oxides in the pellet. The hot coked pel 
lets are then passed to a calciner maintained at a tem 
perature of about 1,800-2,300°F. to form highly pre 
reduced pellets. After reduction, the reduced pellets 
are screened and cooled. Cracked gas is recovered 
from the carbonizer and the coker and supplied to a 
combination still, from which by-products are recov 
ered. 

Partially reduced pellets of the above-described type 
are most useful as a blast furnace feed, and can be used 
as a portion of the ore burden or all of it. The blast fur 
nace is a very efficient reducing device, and does not 
require, or benefit from, using a very highly reduced 
burden (see, on this point, Agarwal and Pratt, "The 
Thermodynamic Aspects of Using Partially Reduced 
Burdens,' Transactions, AIME Ironmaking Confer 
ence, 1965), 
Most of the prior art processes utilize coal or coke as 

the reductant. The above-noted patents, on the other 
hand, use a liquid carbonaceous material such as a re 
sidual oil, and/or a coal tar pitch. There are several ad 
vantages to using residual oils and like materials as a 
reductant. The main advantage is that the cracked va 
pors can be recovered and sold as high-grade by 
products. Under the right circumstances, the value of 
these by-products is at least equal to the cost of the liq 
uid carbonaceous feedstock and the carbon layed down 
and used as reductant is essentially a no-cost item. An 
other advantage of using hydrocarbon oils is that they 
eliminate the need for other binders. Also, the resulting 
coke structure in the pellets is fine grained, evenly dis 
persed and porous, making reduction faster and more 
uniform. While it is possible to produce highly prereduced pel 
lets by following the teachings of the above patents, 
commercially available liquid carbonaceous feedstocks 
contain varying amounts of sulfur, some of which will 
be found in the prereduced pellet. This will render such 
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2 
pellets less desirable for blast furnace use and, in many 
instances, unfit for electric furnace melting. 

OBJECTS OF THE INVENTION 
The general object of the present invention is to pro 

vide a process for producing prereduced pellets 
wherein residual sulfur in the prereduced pellets is di 
minished. 
A further object of the invention is to provide prere 

duced pellets adapted for blast furnace use, and con 
taining less than about 0.25 percent residual sulfur. 
Other objects and advantages of the invention will 

become clear from the following description of em 
bodiments thereof, and the novel features will be par 
ticularly pointed out in connection with the appended 
claims. 

THE DRAWINGS 

Reference will hereinafter be made to the accompa 
nying drawings, wherein: 
FIG. 1 is a simplified flow sheet illustrating a pre 

ferred embodiment of the invention adapted to pro 
duce highly prereduced pellets employing high-sulfur 
petroleum residual oils; 
FIG. 2 is a chart chowing heating and reduction 

curves for conventional pellets and pellets made in ac 
cordance with the invention; and 

FIG. 3 is a simplified flow sheet illustrating an alter 
native embodiment of the invention. 

DESCRIPTION OF EMBODIMENTS 
In essence, the present invention achieves lowered 

sulfur levels by a controlled calcining treatment. lt has 
been determined that pellets of less than 85 percent 
prereduction should be heated quickly to a calcining 
temperature in the range of 1,800-2,500F., generally 
1,900-2, 00F. to maximize desulfurization. Pellets 
that will be highly prereduced, on the other hand, con 
tain more carbon and profit from a slow heating to the 
calcining temperature. However, high prereduction 
and fast heating can be combined by limiting the car 
bon in the pellet, and completing the reduction with ex 
ternal carbon. Desulfurization is aided by the addition 
of known sulfur scavenging compounds. It is to be 
noted that while 85 percent prereduction is herein con 
sidered the change-over point from fast heating to slow 
heating, the advantages of the respective heating rates 
are most apparent at reduction levels below 85 percent 
and above 90 percent, respectively, and desulfurization 
at reduction levels between these figures is not as de 
pendent on heating rate. 

Pellets containing residual sulfur to be treated in ac 
cordance with this invention may be prepared in a vari 
ety of ways. The carbonizer may be a rotating drum 
equipped with means for injecting hot residual oil, to 
make "seed' pellets which are then grown to desired 
size. Recycled coke fines, ore fines etc. may be used as 
seed particles. Or, coke from resid produced in a de 
layed coker and then comminuted may be employed. 
In the embodiment of the invention wherein highly pre 
reduced pellets of low sulfur content are produced 
from a high-sulfur residual oil, the carbonizer product 
is used externally to the ore pellets in the high reduc 
tion stage, and no sulfur scavenger is added in the car 
bonizer. 
For pelletizing, it is preferable to deliver the oil at a 

temperature where it flows readily but below its crack 
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ing temperature. With many residual oils, a tempera 
ture in the range of 300-750°F is satisfactory. For car 
bonizing, the finely divided ore is heated in a carbon 
izer to a much higher temperature, 900-1,300°F. The 
resultant average temperature is usually in the 
750-1, 100°F range. A sulfur scavenging compound 
may be first sprayed on the hot ore in appropriate 
amount, when desired. The sulfur-containing oil is then 
sprayed onto the agitated ore and cracks immediately 
on contact there with. Since the carbon is layed down 
on the ore particles, the particles will grow in size even 
though little if any agglomeration takes place. It is 
therefore desireable to grind the carbonized mixture in 
order to provide a proper feed size for the pelletizing 
step. Feed to the pelletizer is preferably 50-80 percent 
minus 325 mesh. It is desireable to limit oil injection 
into the pelletizer to that level which leads to optimum 
pelletizer operation and best green pellet properties, 
usually 7 to 50wt. percent of the solids feed. 

Pelletizing is carried out with the ore-carbon mixture 
and the residual oil at a temperature of 350-800°F. 
(preferably 400-750F.) though variations may occur 
with particular oils. Desired pellet size is usually in the 
A to 2 inch range, depending on end use. Any of the 
well-known types of pelletizers that can operate at ele 
vated temperatures can be employed in this step. The 
total amount of carbon of any form incorporated into 
the pellet depends on reduction desired and end use, as 
will hereafter become apparent. 
The green pellets are conveyed while hot directly to 

the coking kiln. The kiln must be heated by means 
other than direct firing so as to permit recovery of gases 
resulting from cracking of the hydrocarbon binder. In 
the kiln the temperature of the pellets is raised to about 
900-1,400°, preferably 1,000-1,300°F., and hard, 
strong pellets are produced having a porous fine 
grained coke structure. For blast furnace pellets, the 
total amount of residual oil used in the carbonization 
and pelletizing steps is controlled so that the carbon 
content of the pellets is slightly greater than the stoi 
chiometric quantity required for the desired degree of 
total reduction. It is convenient and economical to use 
the exhaust gas from the reduction kiln, with supple 
mentary fuel as required, to supply heat to the coking 
kiln. The hot, coked pellets discharged from the coker 
are passed directly to the reduction kiln or calciner, 
which may be directly fired. 
The reduced pellets are cooled to a temperature 

below 250F. in a protected, non-oxidizing atmosphere. 
It is to be noted that pellet preparation may be car 

ried out in the manner described in the above men 
tioned U.S. Patents for some of the processing schemes 
herein disclosed. It will be appreciated that an intimate 
ore-carbon mixture may be prepared by mixing any 
low-volatile carbonaceous material with the ore. Finely 
ground coal, preferably deashed, or coke may be used 
in this service. Fluxes and sulfur-acceptors or sub 
stances conducive to sulfur elimination should be 
added to the ore-carbon mixture. 
The amount of carbon present and in contact with 

the pellet in the reduction kiln determines the degree 
of prereduction that will be achieved. In accordance 
with the present invention, this can be broken down 
into five categories or schemes, which are summarized 
hereinbelow in Table I. The first scheme relates to pro 
ducing blast furnace pellets of low prereduction, pref. 
erably 35-50 percent. Carbon for reduction is provided 

4 
solely by the liquid binder material, without added car 
bon. The binder-to-solids ratio is chosen to provide 
good pelletizing operation and high pellet strength. De 
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pending on the binder or, more accurately, its Conrad 
son Carbon number, sufficient integral carbon will be 
laid down in the pellet for the desired reduction. Gen 
erally residual oils will provide enough carbon for 
25-60 percent reduction. 

In the second scheme, some solid carbon is added to 
the ore prior to pelletizing, thereby increasing the car 
bon-to-ore ratio while maintaining the binder-to-ore 
ratio at a level consistent with good pelletizing practice. 
This is used primarily for prereduction in the 50-80 
percent range and, again heating to the calcining tem 
perature should be rapid. 
The third scheme differs from the second in that 

enough solid carbon is added to make high prereduc 
tion (+85 percent) possible. In this instance, heating to 
the calcining temperature should be slow, to achieve 
desired desulfurization. 
The fourth scheme can be visualized as combining 

the first or second schemes (i.e., relatively low reduc 
tion with fast heating) and a second reduction treat 
ment including added carbon external to the pellets. 
The last scheme utilizes a highly carbonaceous inter 

nal binder, such as coal tar pitch, with fast heating for 
reduction of up to 85 percent, and slow heating where 
even greater reduction is desired. 

FIG. I. illustrates, in greatly simplified form, the 
fourth scheme for producing highly reduced pellets (as 
much as 100 percent). 

In forming the pellets, only sufficient residual oil is 
used so that carbon remaining after coking will be con 
sumed in reducing the pellet about 25-50 percent. The 
first reduction is carried out with fast heating to reduc 
tion temperature in a direct fired furnace, such as a ro 
tary kiln. Essentially all of the carbon in the pellet is 
consumed in this reduction, and the resulting partially 
reduced pellets are quite porous. They are immediately 
charged to the high reduction kiln, along with a sub 
stantial stoichiometric excess of carbon and limestone 
or other sulfur scavenger, the particle size of these ad 
ditives after reduction is complete being sufficiently 
smaller than the pellets to permit subsequent separa 
tion by screening. For example, if the pellets are in the 
% to %-inch range, the reductant should pass a %-inch 
SCeel. 

The high reduction kiln is also directly fired, and it 
is preferred that the load factor be kept low, about 8 to 
15 percent, preferably below 12 percent, to maximize 
heat transfer from the kiln walls to the bed and by di 
rect radiation from the flame. Because of the pellet po 
rosity, reduction proceeds much faster than with solid 
pellets (i.e., CO can penetrate into the pellet and CO, 
can leave much quicker). 
The excess carbon for the high reduction stage may 

optionally be carbonized residual oil, as shown on the 
drawing, agglomerated to a proper size, or an external 
source of carbon may be used, including coal or coke 
from any source, crushed to the desired size range. 

It will be appreciated that in the high reduction stage 
there is no further contamination of the pellets with sul 
fur, since nothing is added to the pellets, and sulfur in 
the reductant is scavenged with limestone or dolomite. 
The burden leaving the high reducer kiln is subjected 

to splitting operations. If the size of carbon pellets is 
carefully controlled as previously taught, it is conve 
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nient to use screening to achieve the desired splits. The 
burden is first passed over a screen to retain and dis 
charge finished pellets. The underflow is again sub 
jected to separation according to size. The retained 
second cut consists primarily of partially used coke 5 
which is conveyed back to the feed end of the high re 
ducer for recycle. The undersize material consists of 
some coke fines, calcium compounds and gangue and 
ferruginous fines. Depending upon local and economic 
factors, this stream may be cooled and discarded or 
subjected to magnetic separation or other treatment for 
recovery of iron and carbon values. 
Prereduction using external carbon is not in itself 

novel; the well-known SL-RN process utilizes this ap 
proach. In the prior art, the rate of reduction is rela 
tively slow, and it is apparently difficult to achieve high 
levels of pre-reduction. Residence times of many hours 
are required and high operating temperatures, some 
times over 2,000F. create attendant fusion and ringing 
problems. A high load factor (20-40 percent), large 
kilns and a long residence time are all necessary to 
achieve reasonable production, because of poor reac 
tivity and the great excess of carbon present. 

Pellets produced according to the teachings of the 
patents noted hereinabove, after coking, contain inte 
gral carbon and a uniform porous structure and exhibit 
markedly superior reducibility as demonstrated in the 
Examples. The following advantages are to be noted 
from FIG. 2, which shows heating and reduction curves 
for pellets of the invention and conventional pellets 
(purchased): 

1. Comparable reduction levels are attainable in a 
fraction of the residence time required by conventional 
pellets. 

2. Essentially complete reduction is attainable in a 
practical residence time (2 to 2% hours), whereas con 
ventional pellets achieved only 54 percent reduction 2 
hours and showed little likelihood of achieving much 
over 60 percent reduction in a practical time interval. 

Additionally, the gas make has a significantly lower 
CO/CO, ratio. At comparable levels of prereduction, 
the ratio would be even more favorable. This implies 
more efficient utilization of reductant as well as signifi 
cant reduction in heat duty and equipment size. As a 
result of these advantages, it is now possible to conduct 
reduction of pellets in rotary kilns of practical and eco 
nomical size. Furthermore, the high reactivity of the 
pellets permits reduced temperatures during the termi 
nal phase of reduction (from about 40 to 60 percent re 
duction to the desired product pellet reduction level), 
a range particularly susceptible to tackiness and kiln 
ranging problems. 
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Reduction Level,? Heating 
Broad Preferred Rate 

Scheme Carbon Range Range 1500F. 
to T. 

I Internal: all from 25-60 35-50 Fast 60 
etroleum resid 
inder 

Internal: from 25-85 50-80 Fast 
petroleum resid 
binder plus solid 
carbon 65 

III Internal: from 85-100 90- 100 Slow 
petroleum resid 
binder plus solid 

TABLE I-Continued 
Reduction Level,% Heating 
Broad Preferred Rate 

Scheme Carbon Range Range 500F. 
to T. 

carbon 

IV Internal: all from 
petroleum resid 
binder, plus 
External: solid 
carbon 40-100 50-100 Fast 

VA Internal: all from 
highly carbonaceous 
binder such as coal 
tar pitch 50-85 60-85 Fast 

VB Internal: all from 
highly carbonaceous 
binder such as coal 
tar pitch 85-100 90-00 Slow 

After reduction, the product pellets are cooled in a 
protective atmosphere, to prevent re-oxidation, as is 
conventional. 
However, it is advantageous to tumble the pellets dur 
ing cooling, as this tends to close up the pores therein 
and increase the resistance of the pellets to weathering. 
Also, the cooling pellets may be tumbled with finely di 
vided ore or limestone, both of which will tend to fill 
the pores (and both of which will be preheated), with 
the same effect of increasing resistance to weathering. 
As can be seen from Table I, schemes I, II, IV, and 

VA require fast heating for proper desulfurization. Ef 
fective desulfurization is achieved by heating the pel 
lets rapidly, in a period under 1 hour and preferably 
under 45 minutes, from a temperature of 1,500F. to an 
upper temperature of 1,800–2,500°F., preferably 1,9- 
00-2,100°F., and maintaining such upper temperature 
for a period of 15 minutes to 6 hours, and preferably 
30 minutes to 2 hours. Desulfurization is defined as: 

()() (So --- S/So) 

where 
So = sulfur content of finished pellets if all the sulfur 
content of the integral carbon had been retained. 

S = actual sulfur content of finished pellet. 
Using the above method, desulfurization of 50 to 85 
percent is achieved with the invention. 
For schemes III and VB (+85 percent reduction), ef 

fective desulfurization is achieved by maintaining a 
slow heating schedule, a period between 1 and 6 hours, 
preferably 1 % to 3 hours, from 1,500F. to an upper 
temperature of 1,800-2,500°F., preferably 
1,900-2,100°F., and maintaining such upper tempera 
ture for 30 minutes to 6 hours, and preferably 45 min 
utes to 2 hours. Desulfurization up to 91 percent can 
be achieved in this manner. 
The use of certain additives, in conjunction with the 

heating schedules disclosed above was found to en 
hance remarkably the ease and attainable degree of de 
sulfurization. The following combinations have been 
found effective: 
CaCl 
CaCO + NaCl 
CO -- NaCl 
CaCO -- CaCl 
MgCl, 
CaSO + FeCl 



7 
In general, additives may consist of metal chlorides, 
preferably alkali or alkaline-earth chlorides, or FeCla 
alone or in combination with calcium sulfate, alkaline 
earth oxides or carbonates. The additives may be incor 
porated in the pellets by feeding with the ore to the pel 
letizer and to the carbonizer, or by suspension in finely 
divided form in the binder prior to spraying into the 
pelletizer or the carbonizer. Water soluble additives 
(viz., the metal chlorides) may be conveniently sprayed 
into the ore prior to the ore drying and heating opera 
tions. The restriction that need be observed is that the 
additives be uniformly dispersed in the pellet, the parti 
cle size of the dispersed additives being at least under 
100 mesh and preferably 100 percent under 200 mesh. 
The dosage of additives may be quite low; good results 
have been achieved with dosages in the range of 0.01 
to 5 percent, but for consistent results in the range of 
0.5 to 3 percent is preferred. These dosages are ex 
pressed in terms of weight percent relative to ore used. 

3,865,574. 

Use of the above additions in conjunction with the 20 
previously specified heat treatments permits desulfur 
ization up to 99 percent for Schemes I, II, IV, and VA 
and up to 94 percent for categories III and VB. 

8 
pellets and fines generated in the process are ground to 
about 80 percent minus 325 mesh size. The carbonizer 
product solids are comminuted to about the same size 
range. . 
The mixture at this stage, at a temperature of 

700°-850°F., is passed to the pelletizing drum with pre 
heated ore, where additional quantities of the pre 
heated oil are sprayed on and pellets are formed. The 
pellets contain 7.6 percent solid carbon and 13.2 per 
cent residum. The hot pellets, which are mostly in the 
-34 to +% inch size range, are conveyed to the coker. 
As a bed for the pellets during coking, a circulating 
load of hot sand may be employed. The coker dis 
charge is screened and the sand is recirculated. 
Reduction and calcining of various pellets without 

desulfurizing additives was carried out in accordance 
with the invention, and the results are set forth in Table 
II. Run A demonstrates the advantage of slow heating 
for high prereduction, and shows that a high final tem 
perature is unnecessary. Run B shows that for lower 
prereduction fast heating is preferable. Run C, for 85 
percent reduction, indicates that fast heating is prefera 
ble, but this is a 'gray' area. 

TABLE II 

CONTROL OF SULFUR CONTENT OF PELLETS: EFFECT OF TIME-TEMPERATURE HISTORY 

HEATING SULFUR CASHTED ACTUAL OXOE 
FUR 

RATE: CONTENT CONTENT IN SULFUR REDUCTION 
ELAPSED FNSHING SOAKING IN CALCINED PELLET CONTENT IN OBSERVED LEVEL OF 

IF 
TIME FROM TEMP, TIME COKED ALL SULFUR WERE CALCINED DESULFUR- CALCINED 
500°F TO T AT PELLETS RETAINED, PELETS ZATION PELLETS, 

RUN T HRS. of T HRS. WT. 9% WT. 7. WT. 76 % % 

A-l 6.0 (slow) 2000 2.0 0.98/0.99 1.66 0.1110.12 93 99 
A-2 8.0 (slow) 200 10.0 0.98/O.99 1.66 0.10/0.1 l 94 99 
A-3 0.2 (fast) 2200 0.5 0.98/0.99 1.66 1.4311.92 0 99-- 
A-4 0.2 (fast) 2400 0.5 0.98/O.99 1.66 1.09/ 1.27 29 99 
A-5 0.2 (fast) 2500 0.5 O.98/O.99 f.66 0.88/1.62 25 99-1- 

B-1 8.0 (slow) 2000 8.0 0.54 0.79 0.85 0 77/79 
B-2 0.2 (fast) 2200 0.5 0.54 O.79 0.38/0.39 5 77/79 
B-3 0.2 (fast) 2000 0.5 0.54 0.79 0.43 45 77/79 
B-4 0.2 (fast) 2000 0.5 0.54 0.79 0.59 25 77/79 
B-5 0.2 (fast) 2000 0.5 0.54 0.79 0.63 20 77/79 
B-6 0.2 (fast) 1800 0.5 0.54 0.79 0.55 30 77/79 
B-7 0.2 (fast) 2400 0.5 0.54 O.79 0.43 45 77/79 
B-8 0.2 (fast) 2500 0.5 0.54 0.79 0.32 60 77/79 

C- 8.0 (slow) 2200 10.0 0.18 0.27 0.20 26 85 
C-2 0.2 (fast) 2000 0.5 0.18 O.27 0.07/0.09 70 85 
C-3 0.2 (fast) 2200 0.5 0.18 0.27 0.08 70 85 

EXAMPLES It will be noted that because of pellet weight loss dur 
The hot ore, at about 1,200F., is fed to the carboniz 

ing kiln, where a 7.4 API gravity oil is sprayed onto it. 
ing reduction, without any desulfurization, an increase 
in reported sulfur content would be expected, and de 
creases in sulfur content are proportionally greater The oil is preheated to 600°F. before spraying, and 60 than the numbers indicate. 

cracks on contact with the ore. Cracked vapors are re 
covered. The effluent solids are sized and screened, a 
portion passing to the pelletizing step. The remainder 
is reheated by exchange against hot process streams 

The desulfurization achieved by the beneficial time 
temperature relations as set forth above is further im 
proved by the use of chemical additives, including cal 
cium, sodium, magnesium and iron compounds. Re 

and recirculated to the carbonizer. Recycled undersize 65 sults using various additives are shown in Table III. 
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TABLE III.-CONTROL OF SULFUR.CONTENT OF PELLETS: EFFECT OF ADDITIVES 

Calculated Actual 
Sulfur sulfur content sullur Oxide 

content in calcined content in reduction Additives 
Heating rate: Soaking in coked ... pellet. ii all calcined Observed level of dosage, 
elapsed time Finishing time at pellets, Sulfur were pellets, desulfur- calcined wt. percent 
from 1500°F. temp., TP Wit. retained, Wt, ization, pellets, (based on 

Run to TF hours To F. hours percent wt. percent percent percent percent ore weight) 

D-1.--------------------- 0.2 (fast).-------- 2,300 0.5 0.5 0.175 0.15/07 9 38/40 
- - - - 2,300 0.5 0.15 0.175 0.15/0.17 9 38/40 3.0% CaCO3 

Hil--------------------- 2.5 (slow).------- 2,300 1.0 0.78 1.31 0.26 80 98- 3.0% CaCO3 
1.0% NaCl 

H2-------------------------- do----------- 2,300 1.0 0.78 1.31 0.33 75 98-- 3.0% CaO 
1.0% NaCl 

H-3--------------------- 4.0 (slow).------- 2,300 16.0 0.78 1.31 0.53 60 98-- 3.0% CaO 

3.8% 33. .0% CaC 2,300 6.0 0.78 1.3 0.11 92 98-- $38; NC 
2,100 16.0 0.7/0.78 1.24 0.25 80 98- 3.9% MgCl2 

re 1.0% CaSO 2,300 16.0 0.7/0.78 .24 0.16 87 98-- 3.8% Fe Cls 
- r 2,300 2.0 0.7/0.78 1.24 0.24 S. 98-- 4.0%, MgCls 

J-5---------------------- 0.5 (fast).-------- 2,000 2.0 0.47/0.48 0.65 0.1/0.2 77 64/68 3.0% MgCl2 

To determine the reducibility of pellets produced by 
the teachings in the patents noted hereinabove, (i.e., 
produced by balling with resid followed by coking) 
with commercial pellets produced by conventional 
methods (i.e., balling with bentonite addition followed 
by calcining), 150gm samples of each were subjected 
to similar time-temperature heat cycles. 

In each test pellets were packed in a vertical 1 inch 
ID tube with a considerable excess of granular coke. 
The tube was mounted in a vertical electric oven, with 
the 14 inch deep charge completely within the heated 
zone. The top of the tube was closed and connected to 
gas sampling and measuring means. In each test the 
temperature was raised rapidly to 1,300F., then gradu 
ally over a period of about 1 hour to 2,000°F. and main 
tained at this level until gas evolution practically 
ceased. Gas samples were analyzed periodically for CO 
and CO. The results of these tests are summarized in 
Table V and FIG. 2. 

TABLE V 

COMPARATIVE REDUCIVILITY IN 

25 

35 

sumed), as taught in the preferred embodiment, even 
lower CO/CO ratios. should obtain. This implies corre 
sponding saving in carbon and energy requirements. 
The product pellets were uniform, dense, and free of 

fissures or defects. The conventional pellets yielded 
product pellets of varying diameters (corresponding 
generally to variations in degree of reduction), and 
showed considerable cracks and some fragmentation. 
Various changes in the details, steps, materials and 

arrangements of parts, which have been herein de 
scribed and illustrated in order to explain the nature of 
the invention, may be made by those skilled in the art 
within the principle and scope of the invention as de 
fined in the appended claims and their equivalents. 
What is claimed is: 
1. A process for producing pre-reduced iron oxide 

pellets of low-sulfur content from ore and a sulfur 
bearing fluid carbonaceous material comprising: 

STATIC BED PACKED WITH COKE AND PELLES 

Pellets Made With Resid 

Initial Pellet Charge 150gm 
Gas Make: CO 25.65 liters 

CO, 0.5 liters 
HO (estimated) 2.20 liters 

Total 38.00 liters 

CO/CO Ratio 2.52 
Reduction, % 
Based on Gas Make 97.0% 
Based on Pellet Analysis 99.5% 

*These pellets contained integral carbon equivalent to 55% to 60% prereduction 

This test shows a remarkable improvement in the 
performance of pellets made according to the teachings 
of this disclosure and the prior patents as compared to 
conventional pellets. More rapid reduction is achieved. 
For example, a 54 percent reduction level is achieved 
after 0.8 hour vs. 2 hours for the conventional pellets. 
at a maximum temperature of 1,835°F. vs. 2,000°F. 
Within a time interval of 2 hours, compatible with prac 
tical and economic rotary kiln design, substantially, 
complete reduction (98 percent) was achieved. Visual 
extrapolation of the reduction curve for conventional 
pellets suggests a maximum reduction of perhaps 60 to 
65 percent even after 3% to 4 hours residence time. 
The CO/CO ratio in the total gas evolved is much 

lower, despite the higher degree of prereduction. By 
excluding external carbon during the low, prereduction 
(i.e., until substantially all the internal carbon is con 

Conventional Pellets 

55 

60 

65 

150gm 

8.60 liters 
4.40 liters 
1.40 liters 

24.40 liters 

4.23 

51.0% 
54.0% 

pelletizing said ore and a minor proportion of a sul 
fur-scavenging compound by spraying said carbo 
naceous material thereon while agitating same, said 
carbonaceous material being heated to a flowable 
temperature and maintaining the temperatures in 
the pelletizing mixture below the cracking 
temperature and said carbonaceous material: 

coking the pellets thus formed, the coked pellets con 
taining sufficient carbon to effect about 25 to 70 
percent reduction of said ore; 

heating the coked pellets to raise the temperature of 
the pellets to a final reduction temperature in the 
range of 1,900 to 2,100°F, during said heating the 
temperature of the pellets being raised from, 
1,500F to said final temperature in less than about 
1 hour; and 
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retaining said pellets at said final temperature for 
from 4 to 2 hours. 

2. The process as claimed in claim 1, wherein said 
fluid carbonaceous material is selected from the group 
consisting of residual oils and coal tar pitch. 

3. A process for producing prereduced iron oxide 
pellets of low-sulfur content from ore and a sulfur 
bearing fluid carbonaceous material comprising: 
forming a mixture of finely divided ore, a minor pro 
portion of a sulfur-scavenging compound and a 
predetermined amount of finely divided carbon 
under non-agglomerating conditions; 

pelletizing said mixture by spraying said carbona 
ceous material thereon while agitating same, said 
carbonaceous material beig heated to a flowable 
temperature and maintaining the temperature in 
the pelletizing mixture below the cracking temper 
ature of said carbonaceous material; 

coking the pellets thus formed, the coked pellets con 
taining sufficient carbon to effect about 25 to 85 
percent reduction of said ore; 

heated the coked pellets to raise the temperature of 
the pellets to a final reduction temperature in the 
range of 1,900 to 2,100°F, during said heating the 
temperature of the pellets being raised from 
1,500°F to said final temperature in less than about 
1 hour; and 

retaining said pellets at said final temperature for 
from 1% to 2 hours. 

4. The process as claimed in claim 3, wherein said 
fluid carbonaceous material is a residual oil. 

5. A process for producing highly prereduced iron 
oxide pellets of low-sulfur content from ore and a sul 
fur-bearing fluid carbonaceous material comprising: 
forming a mixture of finely ore, a minor proportion 
of a sulfur-scavenging compound and a predeter 
mined amount of finely divided carbon under non 
agglomerating conditions; 

pelletizing said ore mixture by spraying said carbona 
ceous material thereon while agitating same, said 
carbonaceous material being heated to a flowable 
temperature and maintaining the temperature in 
the pelletizing mixture below the cracking temper 
ature of said carbonaceous material; 

coking the pellets thus formed, the coked pellets con 
taining sufficient carbon to effect about 85 to 100 
percent reduction of said ore; 

heating the coked pellets to raise the temperature of 
the pellets to a final reduction temperture in the 
range of 1,900 to 2,100°F, during said heating the 
temperature of the pellets being raised from 
1,500F to said final temperature in from about 1% 
to 3 hours; and 

retaining said pellets at said final temperature for 
from 4 to 2 hours. 

6. The process as claimed in claim 5, wherein said 
fluid carbonaceous material is a residual oil. 

7. A process for producing highly procedured iron 
oxide pellets of low-sulfur content from ore and a sul 
fur-bearing fluid carbonaceous material comprising: 

pelletizing said ore and a minor proportion of a sul 
fur-scavenging compound by spraying said carbo 
naceous material thereon while agitating same, said 
carbonaceous material being heated to a flowable 
temperature and mantaining the temperature in the 
pelletizing mixture below the cracking temperature 
of said carbonaceous material; 
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12 
coking the pellets thus formed, the coked pellets con 

taining sufficient carbon to effect about 25 to 70 
percent reduction of said ore; 

heating the coked pellets to raise the temperature of 
the pellets to a final reduction temperature in the 
range of 1,900 to 2,100°F, during said heating the 
temperature of the pellets being raised from 
1,500°F to said final temperature in less than about 
1 hour; 

retaining said pellets at said final temperature for 
from 2 to 2 hours; and 

mixing said partially reduced pellets with a stoichio 
metric excess of carbon containing a minor propor 
tion of a sulfur-scavenging compound and main 
taining the pellet-carbon mixture at said final re 
duction temperature for a period sufficient to ef. 
fect in excess of 90 percent reduction of said ore. 

8. The process as claimed in claim 7, wherein said 
fluid carbonaceous material is a residual oil. 

9. A process for producing prereduced iron oxide 
pellets of low-sulfur content from iron oxide pellets 
containing integral carbon comprising: 

pelletizing iron oxide with a sulfur-bearing carbona 
ceous fluid as binder to produce iron oxide pellets; 

subjecting the iron oxide pellets to coking conditions 
to coke said binder and produce integral carbon, 
said binder providing at least a portion of the inte 
gral carbon in said pellets, the coked pellets con 
taining sufficient integral carbon to effect from 
about 25 to about 85 percent prereduction of the 
iron oxide pellets; 

heating the iron oxide pellets containing integral car 
bon to raise the temperature of the iron oxide pel 
lets to a final prereduction temperature of from 
about 1,800 F, during said heating the tempera 
ture of the pellets being raised from a temperature 
of about 1,500°F to the final reduction temperature 
in a time of less than about 1 hour; and 

maintaining the iron oxide pellets at the final reduc 
tion temperature to produce prereduced iron oxide 
pellets. 

10. The process of claim 9 wherein the iron oxide 
pellets heated to the final reduction temperature inte 
grally include a minor proportion of a sulfur scavenging 
compound. 

11. The process of claim 10 wherein the sulfur scav 
enging compound is at least one member selected from 
the group consisting of calcium chloride, magnesium 
chloride, ferric chloride, a mixture of sodium chloride 
and calcium carbonate and a mixture of sodium chlo 
ride and calcium oxide. 

12. The process of claim 9 wherein the final reduc 
tion temperature is from 1,900 to 2,100°F, and the 
temperature of the pellets is raised from a temperature 
of about 1,500°F to the final reduction period in a time 
less than % hour. 

13. The process of claim 12 wherein the coked 
binder provides a portion of the integral carbon, the re 
mainder of the integral carbon being provided by the 
addition of finely divided carbon to said iron oxide 
prior to the pelletizing. 

14. The process of claim 13 wherein the finely di 
vided carbon is added to the iron oxide by spraying 
fluid carbonaceous material onto a preheated, agitated 
bed of finely divided iron oxide, said iron oxide being 
at a temperature sufficient to crack the fluid carbona 
ceous material to produce a finely divided carbon. 
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15. The process of claim 9 wherein said iron oxide 
pellets are reduced at the final reduction temperature 
in the presence of external carbon in a stoichiometric 
excess of the amount required to achieve the prereduc 
tion and a minor portion of a sulfur scavenging mate 
rial. 

16. The process of claim 15 wherein the external car 
bon is selected from the group consisting of coal, coke 
and mixtures thereof. 

17. The process of claim 16 wherein the sulfur scav 
enging compound is selected from the group consisting 
of limestone and dolomite. 

18. The process of claim 17 wherein the final reduc 
tion temperature is from about 1,900 to about 
2,100°F, the temperature of the pellets being raised 
from a temperature of 1,500°F to the final reduction 
temperature in a time of less than % hour. 

19. The process of claim 15 wherein the iron oxide 
pellets heated to the final reduction temperature inte 
grally include a minor proportion of a sulfur scavenging 
compound. 
20. The process of claim 15 wherein the coked 

binder provides a portion of the integral carbon, the re 
mainder of the integral carbon being provided by the 
addition of finely divided carbon to said iron oxide 
prior to the pelletizing. 

21. The process of claim 20 wherein the finely di 
vided carbon is added to the iron oxide by spraying 
fluid carbonaceous material onto a preheated, agitated 
bed of finely divided iron oxide, said iron oxide being 
at a temperature sufficient to crack the fluid carbona 
ceous material to produce a finely divided carbon. 
22. The process of claim 9 wherein the sulfur bearing 

carbonaceous fluid employed as binder is selected from 
the group consisting of residual oils and coal tar pitch. 

23. The process of claim 9 wherein the final reduc 
tion temperature is from 1,900 to 2,100°F, the temper 
ature of the pellets being raised from a temperature of 
1,500°F to the final reduction temperature in a time 
less than % hour. 
24. The process of claim 23 wherein the iron oxide 

pellets are held at the final reduction temperature for 
from 4 to 6 hours. 
25. A process for producing prereduced iron oxide 

pellets of low-sulfur content from iron oxide pellets 
containing integral carbon, comprising: 

pelletizing iron oxide with a sulfur-bearing carbona 
ceous fluid as binder to produce iron oxide pellets; 

subjecting the iron oxide pellets to coking conditions 
to coke said binder and produce integral carbon, 
said binder providing at least a portion of the inte 
gral carbon in said pellets, the coked pellets con 
taining sufficient carbon to effect a greater than 85 
percent prereduction; 

heating the iron oxide pellets containing integral car 
bon to raise the temperature of the iron oxide pel 
lets to a final reduction temperature of from about 
1,800° to about 2,500°F, during said heating the 
temperature of the pellets being raised from a tem 
perature of 1,500°F to the final reduction tempera 
ture in a time of from 1 to 6 hours; and 

maintaining the iron oxide pellets at the final reduc 
tion temperature to produce prereduced iron oxide 
pellets. 

26. The process of claim 25 wherein the iron oxide 
pellets heated to the final reduction temperature inte 
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14 
grally include a minor proportion of a sulfur scavenging 
compound. 
27. The process of claim 26 wherein the sulfur scav 

enging compound is at least one member selected from 
the group consisting of calcium chloride, magnesium 
chloride, ferric chloride, a mixture of sodium chloride 
and calcium carbonate and a mixture of sodium chlo 
ride and calcium oxide. 
28. The process of claim 27 wherein the sulfur bear 

ing carbonaceous fluid employed as binder is selected 
from the group consisting of residual oils and coal tar 
pitch. 

29. The process of claim 27 wherein the final reduc 
tion temperature is from 1,900 to 2,100°F and the 
temperature of the pellets is raised from a temperature 
of 1,500 to the final reduction temperature in a time 
from one and /8 to 3 hours. 
30. The process of claim 25 wherein said iron oxide 

pellets are reduced at the final reduction temperature 
in the presence of external carbon in a stoichiometric 
excess of the amount required to achieve the prereduc 
tion and a minor portion of a sulfur scavenging mate 
rial. 
31. The process of claim 25 wherein the coked 

binder provides a portion of the integral carbon, the re 
mainder of the integral carbon being provided by the 
addition of finely divided carbon to said iron oxide 
prior to the pelletizing. 
32. The process of claim 31 wherein the finely di 

vided carbon is added to the iron oxide by spraying 
fluid carbonaceous material onto a preheated, agitated 
bed of finely divided iron oxide, said iron oxide being 
at a temperature sufficient to crack the fluid carbona 
ceous material to produce a finely divided carbon. 
33. A process for producing 70-85 percent prere 

duced iron oxide pellets of low-sulfur content from ore 
and a coal tar pitch, comprising: 

pelletizing said ore and a minor proportion of a sul 
fur-scavenging compound by spraying said pitch 
thereon while agitating same, said pitch being 
heated to a flowable temperature and maintaining 
the temperature of the pelletizing mixture below 
the cracking temperature of said pitch; 

coking the pellets thus formed, the coke pellets con 
taining sufficient integral carbon to effect 70-85 
percent reduction; 

heating the iron oxide pellets containing integral car 
bon to raise the temperature of the pellets to a final 
reduction temperature of from 1,900 to 2,100°F, 
during said heating the temperature of the pellets 
being raised from a temperature of 1,500°F to the 
final reduction temperature in a time of less than 
1 hour; and 

holding the iron oxide pellets at the final reduction 
temperature to produce prereduced iron oxide pel 
lets. 

34. A process for producing prereduced iron oxide 
pellets of greater than 85 percent prereduction and 
low-sulfur content from ore and a coal tar pitch, com 
prising: 

pelletizing said ore and a minor proportion of a sul 
fur-scavenging compound by spraying said pitch 
thereon or agitating same, said pitch being heated 
to a flowable temperature and maintaining the tem 
perature of the pelletizing mixture below the crack 
ing temperature of said pitch; 
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coking the pellets thus formed, the coked pellets con 
taining sufficient integral carbon to effect a greater 
than 85 percent prereduction; 

heating the iron oxide pellets containing integral car 
bon to raise the temperature of the pellets to a final 
reduction temperature of from 1,900 to 2,100F, 
during said heating the temperature of the pellets 
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being raised from a temperature of 1,500F to the 
final reduction temperature in a time of from 1 to 
6 hours; and 

holding the iron oxide pellets at the final reduction 
temperature to produce prereduced iron oxide pel 
lets. 
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