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This invention relates to a process for agglomerating 
iron ores as well as for preparing hydraulic binding ma 
terial usable in structural engineering. Moreover, this 
invention relates to a process for agglomerating iron 
powders by the aid of this binding material. 

It is generally known that lumpy ores having the high 
iron content necessary for ferrous-metal metallurgy are 
being depleted; therefore the ferrous-metal industry is 
compelled to use powdery ores and to enrich such ores 
having a relatively low iron content. 
These iron-ore powders cannot be fed directly into 

blast-furnaces because part of the powdery mass would 
be carried away by the blast air and because they would 
pack together and cause channeling in the biast furnaces. 
Open-hearth furnaces cannot be fed with refining ore 
powders either, because these powders would be carried 
away by the stack gases, and part of these powders would 
penetrate into the heat-resistant lining of the furnace, 
thereby rendering the lining fusible. 
The agglomerating processes known and used hitherto 

can be divided into two groups. 
(a) During thermal agglomeration the ore powders 

are mixed with coke powder and burned until the particles 
are sintered, or pellets, bricks and/or briquettes are 
pressed formed from the ore powder and then these bodies 
are baked. 

(b) During cold agglomeration, the ore powder is ag 
glomerated with the aid of pressure, with or without a 
binding material. 

Shrinking agglomeration (Dwight-Lloyd, Greenewalt 
etc. processes) is economical for blast-furnace ores only 
where the necessary coke powder is available as in in 
expensive waste material and is not economical for ag 
glomerating the refining ores necessary for steel produc 
tion because it reduces part of the FeaO content of the 
ore to Fe0 so that the employment of the refining ore 
in a larger quantity becomes necessary. The apparent 
density of ore sintered in this way is usually lower than 
that of the open-hearth slag; consequently it floats on the 
surface of the slag and is less readily refinable. 
The most important obstacle to the general use of the 

cold agglomerating process is the lack of a suitable bind 
ing material. For briquetting iron ores, an inexpensive, 
quick setting and rapidly solidifying binding material 
having an adequately high strength is necessary. The 
binder must contain no contaminants harmful from the 
iron-metallurgy point of view, or must contain any such 
contaminant only in small amounts. The Portland ce 
ments or Portland slag cements can be used for this 
purpose only to a very limited degree because, on the one 
hand they have a high silicic-acid content, and on the 
other hand, they set and, solidify slowly 4-6 hours), so 
that the briquettes do not have sufficient strength to stand 
up to the stresses of treatment and the transport even after 
several hours. 
The present process is based on the discovery that from 

most of the iron ores to be smelted a hydraulic binding 
material satisfying the above requirements can be pro 
duced if an aluminum compound and a calcium com 
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pound (e.g. bauxite and limestone) are added in a quan 
tity depending on the composition of the impurity. 
A hydraulic binding material suitable for agglomerating 

iron ores and usable for construction is produced ac 
cording to the invention by calcinating a mixture of 
compounds containing lime and/or aluminum with a 
crude, enriched or calcinated ore containing iron, in a 
manner known in the manufacture of cement, to cement 
clinkers, then producing from it a mixed comminuted 
product with addition to limestone to limestone or some 
other material for adjusting the setting time. 
According to the invention the individual additive 

agents can be used in such ratio that, in the finished ce 
ment clinker, the quantity of the aluminum oxide and 
iron oxide is higher than twice the silicic-acid content, and 
the amount of the aluminum oxide is, at the maximum, 
one-and-a-half times greater than that of the iron oxide. 
The agglomeration of the by-products, droppings, al 

loying elements and other iron-containing additives used 
in the production of iron and steel can be accomplished 
with the aid of the hydraulic binding material described 
above. 

According to the invention, carbon (coke, coal etc.) 
can be added to the agglomerated ore. 

it is advantageous to add the bauxite and the limestone 
in a quantity varying within the limits calculated on a 
Stoichiometrical basis. The mixture thus obtained may 
be ground to a fineness on the order of that employed 
in the cement industry and then can be sintered in a 
rotary furnace. The hydraulic binding material is ob 
tained after adding limestone in a quantity ranging from 
1 to 5% by weight or adding some other material capable 
of regulating the setting time. 

It is advantageous to establish the quantity of the iron 
ore, aluminum and calcium compounds (bauxite and 
limestone) so that the composition of the baked clinker 
remains within the following values: 

Percent 
SiO2 -------------------------------------- 4-12 
Alsos ------------------------------------ 8-21 
Fe2O3 ------------------------------------ 13-33 
CaO ------------------------------------- 40-50 

This composition is characterized by the fact that the 
silicate ratio (SiO2/Al2O3--Fe2Os) of the binding ma 
terial is smaller than 0.5 and its aluminate ratio 
(Al2O3/Fe2O3) is smaller than 1.5. The process accord 
ing to the invention can be carried out, accordingly, by 
employing the individual additive agents in Such a quan 
titative ratio that, in the finished cement clinker, the total 
quantity of aluminum oxide and iron oxide exceeds twice 
the quantity of silicic acid, and the quantity of alumi 
num oxide does not exceed 1.5 times the quantity of 
iron oxide. 
The binding material thus prepared is mixed with the 

ore to be agglomerated in a quantity depending on the 
particle size of the ore and is moistened to produce a 
state corresponding to that of damp soil; then it is 
pressed into briquettes. The resulting ore coincrete can 
be transported after two hours, and can be fed after 
24 hours into a blast furnace or an open-hearth furnace. 
The fine ore powders can be agglomerated also by pel 
leting, whereby the mixture of moistened ore powder 
and the binding material is formed into balls in a rotary 
drum, or by rolling the pulverulent mixture on a tray. 
Thus the process of ore agglomeration is, in effect, 

the production of ore concrete. The expenses of invest 
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ment and production are considerably lower than in case 
of the pyrometailurgical agglomerating processes. A 
great advantage of the briquetting or pelleting lies in 
the fact that other components, including even a smaller 
or larger part of the necessary furnace coke, can be 
added to the ore to be agglomerated in the form of a 
cheap coke powder, hence the production of the so-callied 
"furnace-mixture” is, in the majority of cases, concluded 
With the agglomeration step. 
The process according to the invention renders possi 

ble the production of a cheap binding material, because, 
on the one hand, the binding material is produced from 
the iron ore which anyway would be fed into the fur 
nace, and, on the other hand, the quantity of the lime 
stone to be supplied additionally to the furnace can be 
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aluminate ratios (Al2O3/FeO3) are shown. 

4. 
In Table 2 the quantities of the individual components 

necessary for the production of the binding material are 
given. 

In Table 3 the composition of the baked clinker is 
given, without the linestone that may be added for regu 
lating the setting time. - - - - 
Table 4 lists the calculated mineral compositions, while 

in Table 5, the silicate ratios (SiO2/Al2O-Fe-O) and 
The desig 

nation C4AF represents tetracalcium alumino-ferrite 
(CaAl2Fe3O10); CF, CS and C2S are calcium ferrite, 
Caici in silicate and dicalcium silicate, respectively. 

in Tables 2 to 5, in the first column the denomina 

reduced by the amount of limestone added to the binder; 
thus the expenses connected with the use of limestone 
for the binder can be recovered. 
A further advantage of the process is that bauxites 

having an alumina/silica ratio (Al2O3/SiC) smaller 
than 5 and not usable in the Bayer process for the pro 
duction of aluminum can be employed for cement pro 
duction; this raw material is available in very large, un 
marketable quantities in the waste heaps of bauxite 
mines. Additionally, in the furnace any iron content 
of the bauxite is utilized while the aluminum-oxide coil 
tent of the bauxite improves the blast-furnace cinder. 
The feeding of good-quality bauxite is reasonable only 
in case of ores having a high content of free silicic acid. 

If the powdery ore can be easily screened, that part 
of the powder which has a particle size smalier than 
1 mm. is utilized to reduce the expense of grinding. 
Thanks to the high iron-oxide content of the raw ma 
terial, the sintering can be carried-out at temperatures 
not exceeding 1300° C. The result of the low sinter 
iing temperature is that the output of the rotary furnace 
(or, alternatively, a shaft or cupola furnace) increases as 
compared to the yield of a cement furnace, for sinter 
ing Portland-cement clinker at a temperature of about 
1750° C. so that the heat-energy requirement of the bak 
ing is lower. 

Besides its suitability in the metallurgy offerious met 
als, the process according to the invention can be en 
ployed also in other fields, such as in structural engineer 
ing, mining or deep drilling. 
Most iron-ore types are suitable for the production of 

this binding material but it can be produced at the low 
est cost from basic iron ores containing calcium and only 
a Small quantity of iron. 

In the following tables data concerning the compo 
sition of eight known iron ores as well as of the bind 
ing naterial produced from these ores are summarized. 

in Table 1 the compositions of eight different iron 
ores, of a good bauxite having an alumina/silica ratio 
greater than 5 and a poor bauxite having an alumina/sil 

tions of the iron ores are identical with those given in 
Table 1. - 

Table I 
Percent by weight 

Balance 
Denomination Fe2O3. SiO2 . AlO3, CaO. CO HO (inpu 

rities) 

1. stagnetite from Kiiruna.-------------------- 80.00 3,50 2.24 9.20. -------- 1,07 3.99 
2. Hematite from Krivoi-Rog (Soviet Union) 74.30 16.00 2.87 0.28 -------- 4.00 2,55 
3. Iron ore from Chattanooga District (U.S.A.) 48.00 7.28, 3.14 2.40 6.50 2.4 . . . .54 
4. Hematite from Alabama (U.S.A.).------- 48.00 - 10.34 2.88. 193 500 2.00 1.55 
5. Siderite from Steyr. Erzberg (Austria) -- 47.20 50 57. 8.99 32.69 40 
6. Iron ore from Salzgitter Hawerlachwiese 

(Gerin&ny)-------------------------- 40.30 24.80; 9.20 4.90 420, .. 7.10 9,50 
7. Basic minette from Ancierney (France). 44.00 S. 20 4.25. 7.20 15.70 7:50 3.15 
8. Raw iron ore from Oxford (Great Britain) 34.30. 0.20 - 7.60 - 12.20 10.0015. 60 0.10 
Bauxite having a good aluminalsilica ratio 8.50 3.50. 5.00 0.30 - 0.10: 16.50 5.00 
Bauxite having a poor aluminarsilica, rati 20, 00. 0.00 - 50.00- 0.30 O. O. 9.60 
Limistine.-------------------- 0.7 0.14 0. 54.94 : 43,35. 29 

Table 2 
35 |Composition of the raw material, percent by weight 

Bauxite 
Ore Iimestone 

Good Bad 
40 - 

1. 1820-------------------------- 24.00 57.80 
2, 6.90. 210 62.00 
3. 28.70 2.30 50.00 
A. 28.50 2.50 50.00 
6. 27.40----------------------------------- 20.60 52. OO 
6.30-00--------------------- 10.00 -------------- 60.00 

45 7. 29.30 - - - - r ( - r -- r -- 8.70 52.00 
8. 86.00----------------------------------- 14.00 50.00 

Table 3 
50 Composition of the binding material, percent by weight 

SiO, AO2 FeO3 CaO. Balance 
(inpuri 

ties) 

55 4.62 S.25 23.00. 46.80 2.33 
2 7.82 6.80 ... 25.00 48.30 2,08 
3 6.75 17. 62 26.25 47.60 78 
4 8.7 17.5 26.30 46. 60 1.78 
5 : 6.25 17.18 25.83. 47.75 - 2.94 
6 12.05 2.90 20.90 48.88 5.27 
7 7.05 6.00 25.0 48.70 3.5 
8 8, 45 15.2S 23.30 46.80 6.17 (50 

Table 4 
Mineral composition, percent by weight 

65 
Balance 

CAE Ca CF CS CS (impuri 
ties) 

7.40 3.96 1.64 
17.00 3.82 2.05 
2.50 4.65 1, 84 
0.35 8.5 84 
2.68. 3.56 2.16 

27.55 4.82 5.09 
20.55 ---------- 3.25 

5.95 ica ratio (Al2O3/SiO2) lower than 5, as well as of a 
limestone of better quality, are given. 

1890 
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Table 5 
Mineral composition, percent by weight 

Aluminate ratio Silicate ratio 

0.098 0.652 
0.87 0.672 
0.54 0.672 
0.88 0.652 
0.142 0.638 
0.37 0.67 
0.71 0.638 
0.219 0.655 

The process according to the invention is illustrated by 
the following example. 
A mixture consisting of 18.4% of iron ore from Krivoji 

Rog, 17.6% of bauxite of poor quality and 64% of lime 
stone is baked. In order to increase and render uniform 
the setting time, 4% of limestone is added and the whole 
mass is ground to the fineness of cement. 
The breaking strength of a concrete composed of the 

material thus obtained amounted after 24 hours to 145 
kg./cm., after 7 days to 350 kg./cm., and after 28 days 
to 469 kg./cm2. 
Upon the addition of 5-6% from the thus-prepared 

binding material to a powdery iron ore screened on a 
2-mm.-mesh screen, the properties of the obtained bind 
ing material considerably exceed the requirements of the 
metallurgical industry. 
What I claim is: 
1. A process for producing a hydraulic cement, com 

prising the steps of admixing lime, silica, alumina and 
iron oxide, the weight ratio of the silica content to the 
sum of the alumina and iron oxide contents being less 
than about 0.5, the weight ratio of the alumina content 
to the iron oxide content being less than about 1.5; heat 
ing the resulting mixture at a temperature sufficient to 
convert same into a cement clinker consisting in major 
part of a tetra-calcium alumino-ferrite; comminuting the 
clinker thus produced; and admixing with the comminuted 
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clinker a substance capable of modifying the setting rate 
of the cement. 

2. A process for producing a hydraulic cement, com 
prising the steps of admixing lime, silica, alumina and iron 
oxide to produce a mixture, said mixture consisting by 
weight substantially of 4 to 12% silica, 8 to 21% alu 
mina, 13 to 33% iron oxide, and 40 to 50% line, the 
weight ratio of the silica content to the sum of the alumina 
and iron oxide contents being less than about 0.5, the 
weight ratio of the alumina content to the iron-oxide con 
tent being less than about 1.5; heating the resulting mix 
ture at a temperature sufficient to form a cement clinker 
therefrom, and comminuting the clinker thus produced. 

3. A sintered cement consisting substantially of 4 to 
12% silica, 8 to 21% alumina, 13 to 33% iron oxide and 
40 to 50% lime, the weight ratio of the silica content to 
the sum of the alumina and iron-oxide contents being less 
than about 0.5, the weight ratio of the alumina content 
to the iron-oxide content being less than about 1.5. 
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