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This invention'relates to a process for con 
centrating manganese ores and has for its 
objects the provision of an improved process 
for treating ores containing manganese in the 
form of pyrolusite, and ores containing a mix 
ture of pyrolusite and braunite, or a mixture 
of pyrolusite,.braunite and psilomelane. 
In various parts of the world, notably the 

United States and Cuba, there are consider 
able amounts of low-grade manganese ores 
Which are suitable for the manufacture of 

" spiegeleisen but not suitable for the manufac 
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ture of ferromanganese Without first being 
concentrated. Ferromanganese may be used 
more conveniently than-spiegeleisen and simi 
lar alloys containing smaller quantities of 
manganese in the manufacture of steel, since 
the required quantity of manganese is con 
tained in a smaller bulk. Consequently, dur 
ing recent years, the use of spiegeleisen has 
declined While the use of ferromanganese has 
increased proportionately, and ,many at 
tempts have been made to develop a process 
by means of which a product suitable for use 
in making ferromanganese may be obtained 
from low-grade ores. 
The concentration of various types of low 

grade manganese ores presents many prob 
lems. Where possible,`it is generally desir 
able to' concentrate ores by gravity means 
alone. However, when the mineral contained 
in the ore is largely pyrolusite, and is there 
fore soft and Íriable, crushing generally pro 
duces an excessive amount of lines which are 
dilïicult to recover by gravity or Wet methods 
of separation. In some of the siliceous man 
ganese ores, the association of the gangue ma 
terials With manganese minerals is so inti 
mate that the finest possible grinding Will not 
permit separation by the. usual mechanical 

,A methods.` It is also Well known that an ore 
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Containinghsilica chemically combined With 
the manganese, or an ore in which the man 
ganiferous particles'are enveloped with col 
loidal silica cannot be satisfactorily concen 
trated by the usual Wet or gravity processes. 
The particular ore upon which our experi 

ments were conducted and which We are now 
working profitably on a commercial basis is 
that which is found abundantly on the island 
of Cuba, and which contains about 20% to 
40% manganese; 1/¿% to 10% aluminum; 1% 

to 12% iron; 5%> to 50% silica; 1% to 12% 
Zircon; and 1% _to 12% lime. The ore con 
sists essentially of two manganese minerals, 
pyrolusite (M1102) and braunite 

(3Mn2oMnsio3), 
intergrown in an intricate manner with sev 
eral gangue minerals. The ore also contains 
small quantities of psilomelane (I-I4Mn05). 
Approximately ninety per cent, or more, of 
the manganese is in the form of pyrolusite. 
The most abundant gangue minerals are 
labradorite, feldspar, and a hydrous alumi 
num silicate, leverrierite. In addition to 
these, several other minerals including cal 
cite, kaolin, pyroxene, amphibole, garnet, 
Zircon and topaz Occur in subordinate 
amounts. ¿ 
lThe leverrierite is a soft pink material, 

gravity 2.6, and it contains minute grains of 
the manganese minerals. Its unnatural pink 
color is probably due to the presence of a col 
loidal manganese compound. Because of the 
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occurrence of considerable manganese in this ` 
soft, light Weight, non-magnetic mineral, con 
siderable manganese is lost in the tailingsand 
slimes When the ore is treated by the usual 
Wet or gravity processes. - 
The manganese minerals form some masses 

of about the size of a pea or slightly larger, 
but in the majority of instances the man 
ganese minerals act as a matrix to the gangue 
minerals; or a net-Work of veinlets of man 
ganese minerals project through aggregates 
of gangue minerals. In a very large pro 
portion of the grains, the included and abun 
dant grains of gangue materials are very 
small and will average as small as 100 mesh 
or smaller. For this reason it is diilicult, if 
not impossible, to obtain a concentrate of 
pure manganese minerals by the usual Wet or 
gravity processes of concentration. 
As pointed out above deposits of manganese 

similar to that described above are also found 
in the United States and various other parts 
of the World. In many instances the num 
bers, types, and relative proportions of the 
minerals making up the gangue vary to some 
extent, but in most instances the characters of  
the deposits are such that substantially the 
same problems are involved in their concen 
tration. ' 
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rl‘he recovery or separation of the larger 
particles of pure manganese minerals is a 
relatively simple matter, but in order to sepa 
rate the pure manganese minerals from the 
included gangue minerals in the other par 
ticles it is necessary to grind them to a very 
fine size and the particles of manganese thus 
produced cannot be satisfactorily segregated 
from the particles of gangue minerals pro 
duced simultaneously by ordinary «vet con 
centration methods, but remain in suspen 
sion in the Water .with the gangue minerals. 
This condition probably results to some ex 
tent from the presenc'eof films or coatings of 
colloidal silica and other substances on the 
pyrolusite particles which prevent their set 
tling and separation by gravity from the 
gangue mineral particles. The braunite and 
psilomelane particles remain suspended in a 
similar manner. Ore dressing tests have con 
clusively shown that Where silica is chemi 
cally combined ivith manganese or Where col 
loidal silica envelops the manganiferous par 
ticles any of the usual Wet processes or grav 
ity concentration vvill not give the desired 
result-s. _ 

According to some of the present practices 
the recovery of manganese from the ore de 
scribed abo'veby the usual Wet processes or 
gravity concentration does not exceed fifty 
percent. rl‘he larger particles of pure man 
ganese minerals can be recovered without dif 
Íiculty by ordinary crushing and jiggìng 
methods, but that portion of the manganese 
mineral Which is intimately mixed With the 
gangue minerals cannot be recovered for the 
reasons pointed out'above. 
We have discovered that by subjecting the 

finely ground or finely divided particles of 
manganese minerals to the action of a clean 
ing solution, .such as an aqueous solution of 
an alkali salt, preferably sodium carbonate or 
potassium carbonate, the majority ofthe man-  
ganese mineral particles become amenable to 
separation and recovery by gravity methods. ' 
We have also discovered that by recovering 
the larger particles of pure manganese mm 
erals by jigging or similar methods, grind- , 
ing the jig tailings in a rod~ or ball mill to a> 
suitable size 1n asolution of an alkali `sa1t,` 
passing the mill product over suitable tables 
or similar devices, and leaching the slimes and 
tailings produced with sulphur‘dioxide gas 
in a manner to be later described, We can con 
sistently recover more than ninety percent of 
the manganese content of the ore in forms 
suitable for use in dry batteries. for use in 
the ceramics industry, and for use in the 
manufacture of ferromanganese and in other. 
industries. . 

A complete process for treating manganese 
ore according to the process of our invention 
is shovvn in the accompanying How-sheet. 
In treating the ore according to the com 

plete process Which We have found to be com 
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mercially feasible, the crude ore is first passed 
over a shaking grizzly, the undersize going 
directly to a jaw crusher and the oversize 
being conveyed indirectly by means of a pick 
ing belt tothe Crusher. While the ore is on 
the picking belt the larger pieces of pure 
manganese mineral and gangue minerals con 
taining little or no manganese values are re 
moved therefrom. The jaws of the Crusher 
are preferably set to reduce the ore to minus 
one-half inch in size. ’ 
The product from the Crusher is conveyed 

to revolving trommels -or other suitable 
screening mediums having one-quarter inch 
perforations. The undersize from the quarter 
inch trommels, which is composed substan 
tially entirely of particles between one-eighth 
and .one-quarter inch in size, is conveyed to 
a suitable storage bin to await further treat 
ment. The oversizeproduct from the quarter 
inch trommels is passed through rolls, Which 
reduce it toY minus one-quarter inch in size, 

. and thence through revolvingßtrommels hav 
ing sixteen mesh perforations. The oversize 
from the sixteen mesh trommels ispassed 
through trommels having one-eighth inch 
perforations. The undersize products from 
the sixteen mesh and one-eighth inch trom 
mels are conducted to a second storage bin 
to await further treatment. The oversize 
product from the one-eighth inch trommels 
is conveyed to the storage bin containing the 
undersize product from the one-quarter inch 
trommels. The operations thus far described 
are conducted for the purpose of crushing 
and classifying the ore and they are carried 
out While the ore is in its original dry state. 
The sizing operations described are consid 
ered necessary owing to the fact, .as described 
above, that most of the larger masses .of pure 
manganese minerals are of about the size of 
a pea. 

conveyed by suitable feeding means to jigs 
of any suitable type. As the ore enters the 
jigs a solution of sodium carbonate contain 
ing about five pounds of sodium carbonate 
per ton of ore to be treated is mixed there 
vvith. The j igging operations are carried out 
in the usual manner, sufficient Water being 
present to aid in coiiducting the solid matter 
over the jigs in a satisfactory manner. The 
jig concentrates are conveyed to suitable de 
Watering’ and storage tanks. , . 
The jig tailings are conducted through 

suitable grinding apparatus, such as a rod 
mill or ball-mill, Where the particles are re 
duced to minus twenty-eight mesh. The pulp 
from the grinding-mill is passed through hy 
draulic classifiers making six classilications 
of coarse-products which are conveyed there 
from to suitable concentrating tables.- ‘ The 
liquid from the jig concentrate devvatering 
tanks containing most of the'slimes produced 
as'a result of the crushing operations, and the 

The crushed ore from the storage bins is 
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overfiow from the hydraulic classifiers con 
taining most of the slimes produced as a re 
sult of the fine grinding operations are con 
ducted to suitable thickeners for the purpose 
of settling the slimes. The spigot product or 
thickened slime is passed through a filter for 
the purpose of relnoving the sodium car 
bonate solution therefrom, j 
The liquid product from the filter and the 

overflow from the thickener containing the 
excess sodium carbonate are conducted back 
and reenter the system with the ore feed to 
the jigs. The filter cake is passed through a 
mixing tank Where fresh Water is added inl 
sufiicient quantity to produce a pulp contain 
ing about twenty per cent solids. The sodium 
carbonate retained in the filter cake causes 
the slimes to defiocculate readily when fresh 
water is added to the mixing tank. The 
pulp thus formed is passed through a series 
of thickeners, the overflow from which may 
be Wasted, and the spigot products of which 
are passed through a suitable hydraulic sepa 
rator and classifier. The concentrates‘f’rom 
the separator form a suitable finished prod 
uct and they may be conducted to a suitable 
sintering machine. The tailingsl from~ the 
separator are further subjected to the action 
of sulphur dioxide gas in a manner Which Will 
be presently described. 
The concentrates from the table concen 

trating operations described above are dried 
and cooled and passed through an air separa 
tor and cleaner of any .suitable type. The con 
centrates from the air separator are subjected 
to the action of a magnetic separator which 
removes the iron products and then to the a'c 
tion of a second magnetic separator which re 
moves the manganese products, leaving the 
gangue minerals. l 

The pul containing the table tailings is 
filtered, the filtrate being Wasted and the solid 
matter being combined in a mixing tank with 
the gangue from the air separator and cleaner, 
the gangue containing the iron products, the 
gangue from the second magnetic separator 
and the tailings from the hydraulic separator 
used in the treatment of the slimes. This 
combined gangue and tailing product is then 
subjected to the action of sulphurl dioxide gas 
in the manner outlined for the treatment of 
copper ores in United States Patent No. 
1,312,488. The pulp containing the tailing 
and gangue products is subjected to the ac 
tion of a hot mixture of' air and sulphur 
dioxide gas and the manganese` contained 
therein, chiefly that in the form of the oxide, 
is converted to the soluble sulphate form. 
The iron and aluminum compounds are not 
affected by the sulphur dioxide. 
The pulp containing the manganese sul 

phate in solution ispassed through suitable 
classifiers and thickeners in which the gangue 
is washed to remove the manganese sulphate 

3 

therefrom. After the gangue has been thor 
oughly washed it is conveyed to the Waste 
dump, and the solution containing the man 
ganese sulphate is evaporated to dryness. 
In order to obtain a product Which is suit 

able for making ferromanganese in blast fur 
naces, it is necessary to agglomerate all of the 
manganese mineral concentrates except those 
produced by the jigs which are sufiiciently 
coarse. The manganese sulphate product is 
treated in sintering machines with the fine 
concentrates, and the sulphur vdioxide gas 
may berecovered if desired. 
The sodium carbonate solution serves as a 

cleaner for the particles of manganese min 
eral, and makes it possible to recover by Wet 
processes or gravity methods of concentra 
tion small particles of lnanganese minerals 
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which are ordinarily inseparable from the ,_ 
gangue minerals. Another advantage .of 
the use of sodium carbonate is that any man 
ganous salts which pass into solution during 
the concentration process are precipitated 
and recovered. 
lVe have found the sodium carbonate orl 

other alkali compound used to be effective 
in increasing the recovery ot manganese 
minerals in all of the Wet processes or grav 
ity methods of concentration outlined above. 
For that reason We prefer to add the akali 
compound to the ore as it goes to the jigs, 
although satisfactory results may be> ob 
tained by adding it ̀ during the fine grinding 
operations in the rod or ball mills or imme 
diately after the pulp leaves the grinding 
mills. The cleaning of the mineral particles 
also aids in removing the iron products and 
manganese -mineral particles from the 
.gangue minerals by means of the magnetic 
separators, and increases the speed and thor 
oughness of the reaction between the man 
ganese mineral particles and thc sulphurous 
acid. Whereas, according to some of the 
present practices, the recovery of manganese 
minerals from the Cuban ore by- the usual 
Wet processes or gravity concentration is gen 
erally less than fifty percent, we are able 
to consistently recover more than sixty-five 
percent by the same processes after first sub 
ject-ing the mineral particles to the action of 
a cleaning solution, and by treating the ore 
according to our complete process we_cau 
recover- between ninety and ninety-five per~ 
cent of the total manganese values. 
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While We prefer to use sodium carbonate ` 
as a cleaning agent chiefly because of its 
availability and cheapness, it may be noted 
that potassium carbonate, sodium bicarbon 
ate, ammonium hydroxide, sodium silicate or 
the like may be used satisfactorily. l/Vhile 
we add about five po'unds of sodium car 
bonate per ton of crude ore before the jigs, 
the actual consumption, of sodium carbonate 
is approximately one pound per ton of crude 
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ore, the remainder bein recovered from the 
jig concentrate dewatering tanks and slime 
thickeners and filters and returned to the 
system. The amount of alkali compound to 
be added to the system is each instance will 
of course be determined to .some extent by 
the character of the ore` being treated and 
the results desired. r ' 

Sulphur dioxide for leaching purposes 
may be Lobtained-by burning flower sulphur 
in a sulphur burnerl or by roasting high 
grade iron pyrites. While most of the sul 
phur dioxide is consumed during the leach 
ing process, it may be recovered during the « 
sintering operations as pointed out above. 
The apparatus used in carrying out the 

leaching process is similar to that described 
and illustrated in the United States patent 
noted above. The balance of the apparatus 
used is standard equipment. 
While We have outlined a process which 

We have found to be highly satisfactory and 
which we prefer to use, it is to be understood 
that certain changes in apparatus, reagents, 
and order of treatment of the various ore 
fractions may be made without departingl 
from the spirit of our invention. 
Having now particularly described and 

ascertained the nature of our said invention, 
and in What manner the same is to be per 
formed, we declare that whatwe claim is: 

1. The process for concentrating man 
ganese ore which comprises subjectinglr the orc 
to the action of a cleaning solution, and sep 
arating the manganese mineral from the 

' gangue by a gravity method of concentra 
tion. 

2. The process for concentrating man 
ganese ore which comprises grinding the ore, 
subjecting the mineral particles to the action 
of a cleaning solution, and separating the 
manganese mineral particles from the gangue 
by magnetic means. . 

3. In a process >for treating manganese 
ore, the step which comprises subjecting the 
ore to the action of an aqueous solution of an 
alkali compound. 

4. In a process` for. treating manganese 
ore, the step which comprises subjecting the 
ore to the action of an aqueous solution of an 
alkali carbonate. j 

5. In a process for treating manganese 
ore, the step which comprises subjecting the 
ore to the actiony of an aqueous solution of 
sodium carbonate. 

6’. The process for concentrating man-v 
ganese ore which comprises forming a pulp 
containing manganese and gangue mineral 
particles and an aqueous solution of an al 
kali compound, and t en separatingI the 
manganese mineral particles from the gangue 
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mineral particles .by a gravity method of 
concentration. 

7 „The process for concentrating man 
ganese ore which comprises forming a pulp 
containing manganese and gangue mineral 
particles and an aqueous solution of an al~ 
kali carbonate, and then separating the nl_an 
ganese mineral particles from the gangue 
mineral particles by a gravity method of 
concentration. 

8. The process for concentrating man 
ganese ore which comprises forming a pulp 
containing the ore in a finely comminuted 
state and a solution of sodium carbonate, 
and then separating the manganese mineral 
particles from the gangue mineral particles 
by a gravity method of concentration.~ 

9. The process for .concentrating man 
ganese ore which comprises grinding the 
ore, subjecting the mineral particles to the 
action of a solution of an alkali carbonate, 
and concentrating the ground ore product 
by a gravity method of concentration. 

1.0. The process for concentrating man 
ganese ore which comprises grinding the ore 
in the presence of a solutionof sodium car 
bonate, and concentrating the ground prod~ 
uct by a gravity method of concentration. 

11. The process for treating manganese 
ore which comprises grinding the ore, clean 
ing the mineral particles thereof with a so 
lution of sodium carbonate, and thereafter 
subjecting said ground product to a gravity 
process of concentration. 

12. The process for concentrating man 
ganese ore which comprises grinding the ore, 
subjecting the ground product to a wet proc 
ess of concentration, drying the concentrates 
produced, subjecting said dried concentrates 
to the action of an air separator, subjecting 
the concentrates from said air separator to 
the action of a magnetic separator to remove 
iron products therefrom, and subjecting the 
concentrates from the magnetic separator 
to the action of a second magnetic separator 
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to remove the manganese mineral particles. » 
13. The process for concentrating inan 

ganese ore which comprises grinding the ore, 
concentrating the ground ore byja gravity 
process, subjecting the concentrates produced 
to the action of a magnetic separator to re 
move any iron products contained therein, 
and subjecting said concentrates to the ac 
tion of a second magnetic separator to re 
move the manganese mineral particles there 
~from. 

In _testimony whereof we alîix o_ur signa 
` tures. 

- ANDREÑV J. TRUMBO. 
V HOWARD TRUMBO. 
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