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‘My invention relates to the beneficlation of
ores, and more particularly to the purification of .

certain non-metallic minerals, chiefly minerals
of the feldspathic group. While I shall de-

scribed the process as applied to the freatment of

feldspathic ores, it will, of course, be appre-
ciated that such process, and especially certain

of the individual steps in it, will be of value in »

the treatment of other materials.

Feldspathic materials are widely used in the
ceramic arts but, as found in nature, the feld-
spathic ores frequently carry products which are
objectionable for the intended use. For instance,
" some of the feldspathic ores contain corundum,
mica, and various iron bearing products such as
magnetite, hematite, and pyrites.
other impurities, are objectionable in the feld-
spathic product that is for use In ceramic ware.
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process for the removal of certain impuritiesi
fromanore. -’
A still further object is t,o add to the raw ma-

‘terial only those reagents which are not objec-

tionable in the finished product or which may be

.readily removed from it.

Another object is to utilize the same agerit, both'
for flotation and for conditioning the ore for :
magnetic separation. ’ e

Still another object is to beneﬁciate feld-
spathic ores by multiple-stage grinding, flotation,
mechanical classification, both wet and dry mag-

_ netic separation, and by thickening.

18
These, and

For instance, corundum, being relatively infusi- ..

ble, develops ‘“seeds” in the finished ware-which
are not fused into the whole article. Likewise,

iron in the finished product is to be avoided inas- -

much as it discolors the ware and also tends to

weaken the finished product. In general, the

presence of impurities alter the fluxing properties

of the feldspathic material, and therefore are

to be avoided, or at least kept at a minimum.
Heretofore, feldspathic material free from im-

purities has been obtained by restricting mining 1

operations to only the better grade of ore, by
hand picking, and by subjecting the ore to mag-
netic separation. Such expedients have resulted
in only a limited measure of success, and with the
depletion of the high grade deposits, the prob-
lem of successfully treating feldspathic ores has
become more acute.

It will, of course, be appreciated that a process .

in order to be practicable, must not only effec-
tively remove the impurities, but, in so doing, it
must not impaijr the properties of the ore for
use in the ceramic art. In other words, such
treatment should not introduce other impurities
while removing the above mentioned ones.” -

An object of my invention is to produce a high-.
er yield of utilizable material from an ore.

Another object is to enable the more complete
removal from an ore of deleterlous substances
which are either magnetic, or non-magnetic.

A further object of my invention is to accom-
plish the beneficiation of feldspathic ores. .

Yet a further object is to remove certain non-
magnetic or weakly magnetic impurities by condi-
tioning them for a magnetic separation step. -

Yet another object is to provide a flotation

20

With these and other objects in view, I have,
included in the appended drawing a flow sheet

for better presenting the invention. This flow

sheet shows an embodiment of my invention, the .
specific process there illustrated being designed
for the benefieiation of feldspathic material, in
particular, nepheline syenite But it will be un- -
derstood that this process may be adapted for

" the purification and beneficiation of other ores,

30

35

40

45
50

such as granites, particularly where it is desired
to remove iron-bearing impurities and certain
other impurities such, for instance, as corundum.

In order to facilitate the disclosure of my in-
vention and the statement of what I claim as
new, certain definitions of terms are now given,

“Peldspathic materials” as used herein includes
all those minerals in the feldspar and the feld-

.spathoid groups.

“Magnetic” is used in this specification in a
practical sense and means that magnetic separa.-
tion can be achieved commercially. ’

Briefly, my. invention includes the following
steps: :

(¢} Crushmg raw material with supplemen-
tary crushing and grinding ‘steps for materials
screened out.

(2) Special conditioning with water and cer-
tain agents, preferably fa.tty acids or their de-‘
rivatives. o
- {3) Froth flotation of undesirabie material in-' g
cluding corundum and mica. :

(4) Classitying the ﬂotation tailings into‘ sand
and slimes .

(5) Magnetically separating the sands and
slimes. - :

(6) Grinding the magnetic sa.nds and recircu-
lating them to the flotation stage of the process,

‘preferably as a separate run.

(7) Magnetically separating the magnetic ma- »

" terial and corundum from slime. .
8) 'rhickemng the maznetic slimes to remove
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organic matter including thé flotation reagent
and the smallest slimes. » :
© (9) Addition of a flocculation agent, prefer-
ably alum, . - .

(10) Filtering flocculated material to give a
finished product of fines. o
- In carrying out my process, I first take the raw
material which may be stored in a bin and sub-
jected to a primary crushing process. This
- crushed material is passed through a surge bin
to smooth out the flow, and then fed to a me-

chanical or electrical vibrating screen having a
large mesh. The oversize is crushed and recir- -

culated onto the large mesh screen. . The.material
passing through the large mesh screen is carried
into storage as required. Then this undersize is
. fed to a medium-size vibrating screen of approxi-
mately 20 mesh. . : :

The oversize from this me_dium'mesh screen is -

fed to a roll crusher or & pebble mill' and the
ground material is fed back onto .the medium
mesh screen. The undersize from -this medium
" mesh screen is fed to an agitator and conditioner,
which forms a pulp of the material to be treated,

water and the conditioning reagent. .‘The condi- )
tioning reagent, as will be described in more de-

 tail, serves 4 -dual function. It serves to float

~certain of the undesirable constituents.of the ore,
such as corundum, magnetite, hematite and mica.
Likewise, it renders certain of the non-magnetic
amenable to magnetic separation. o

The reagent which I usually find preferable is
oleic acid, although'other of the fatty acids or
their derivatives may be used under certain cir-
cumstances.

sufficient, and I prefer to add water to give a fifty
percent pulp. While a fifty percent pulp is the

most desirable when made of 20 mesh material, ‘40 order to insure the proper filtration, of the fines,

- satisfactory results can be obtained with a more
dilute or a thicker pulp. With more dilute pulp,
- & greater proportion of flotation reagent is re-

quired. With thicker pulp, agitation becomes dif- -
ficult.  The agitation and' conditioning -should

_preferably be done at a temperature between 60
and 70° F. It will be noted that fatty acid alone
. suffices for the flotation step, and the use of
- other reagents should be avoided inasmuch . as
they may serve to upset the flotation’ equilibrium

" (. e, float some of the constituents that should"

not be floated, or interfere with the flotation of
" the desired constituents), and they may interfere
with the subsequent magnetic separation step or
contaminate the finished product for its intended
use.

" After the conditioning, this pulp is fed to a

flotation machine: The froth from this flotation

machine is passed to a cleaner cell. - The cleaner ]
60

‘cell recovers. a portion of the material desired,
. which material is fed back to the flotation ma-
chine. The cleaner froth is discharged to waste.

This discharge includes nearly all of the corun-,

dum, ninety percent of the magnetite and hema-
. tite, and practically all of the biotite mica,:

‘The. tailings from the primary. fiotation ‘step
~are passed to a mechanical classifier of any stand-

"~ ard kind which gives a sand product and a slime .

overflow product. R
Reference has been made above to the fact that

the conditioning agent, not only serves to float"
certain constituents of the ore, but also renders .-
magnetic certain of the non-magnetic or only .

. slightly magnetic constituents which it is desired

T

i 35 objectionable discoloring matter.
‘When oleic acid is used, I find that = -

not over two pounds of the acid per ton of ore is.
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- feature of my invention.. While X do not wish to

be bound by any theory, it is my belief that the
conditioning agent effects a coating of the non-
magnetic or only slightly magnetic particles with
finely divided magnetite, thereby rendering such
particles amenable to magnetic separation. I
have found that weakly magnetic material such,
for instance, as biotite mica, which formerly re-
quired a high intensity separator can, by my

10 process, now be separated by a low intensity sep-
-.arator; and that corundum, which formerly was

non-magnetic, may be rendered sufficiently mag-
netic to be removed from the pulp by & high in-
-tensity separator. It should also be noted that

15 this coating step facilitates generally magnetic

. separation in that it tends to increase the size
of the particles and to remove the excessive fines.
The overflow from the mechanical classifier is
passéd to a wet magnetic separation machine,

20 which may be either of the high or low intensity

type. The material passing through this machine

- . is approximately 200 mesh or smaller. This mag-

netic separation removes the corundum, mag-
netite, and other coated and undesirable mate-
rials which remain after the flotation step.

The magnetic material removed by wet mag-
netic separation is sent to waste. The non-mag-
netic material which has passed through the
magnetic separator is sent to a thickener. In

‘ 30 operating the thickener no flocculating agents are -
or only weakly magnetic undesirable constituents

used and the thickener is operated with the pulp
having a high enough specific gravity to over-
flow organic matter, including the fiotation re-
agent, and any finely divided hematite and other
The thickener
~ overflow is discharged to waste.
The thickened product is agitated In a com-
" bined agitator and storage tank. During the
storage a flocculent, preferably alum, is added in

The optimum amount of alum to be added
varies with certain factors, such as fineness of
grind, pulp temperature and the nature of the
material to be flocculated. In the case of alumi-

45 num sulfate alum, the amount added varies be-

. tween 0.2 pound per ton of solids to 2.0 pounds
per ton of solids, depending upon the above men-
tioned factors. )

From an operating standpoint, the thickener
underflow cannot be successfully filtered withe
out the addition of such flocculating agents.

. While any number of flocculating agents may be

used, such as lime, sulphuric acid, zinc sulfate,
and other electrolytes, these reagents would not be
satisfactory in the ceramic art because of the ob-
jectionable material they would add to the prod-
"ucts. The presence of alum, on the contrary, is
actually an improvement in the finished product.
The flocculated fines are then taken from the
storage and filtered in order to produce a filter
cake which may be stored wet or dried and then
sold as the trade may demand.
- Another branch of my process, starting from

g5 the classifying step is the final purification of

the sand-size particles coming from the classifier.

- This de-watered sand has been thoroughly freed .

{rom slimes, not only by the washing of the classi-
fier but also by the previous flotation step. Con-

70 sequently the dry magnetic separation which is

. to follow is made more efficient, the sand particles
being free from any slime.
"'The sand from the classifier is dried in any suit-
able dryer, a rotary dryer lined with silica brick

to remove from the ore.. This is an importany 16 and fired with gas or coke being preferred. How-
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ever, any suitable dryer that will not contaminate
the material is satisfactory.

This dried sand is stored as required, and then
passed to the dry magnetic separators, prefer-
ably of the high intensity type. These separators
are able to make a quite complete removal of
" magnetic material. The purified non-magnetic
material is then ready for storage as & sand-size
finished product.

The magnetic material removed by the dry mag-
netic separator is passed through a screen, pref-
erably of 40 mesh, but any size mesh from 35

10

to 65 could be used. The oversize screened out -

is passed through a pebble mill. The material so
ground is fed back onto the screen. The under~
s&fk from this screen is transferred to ‘a storage

It .is Ipossible to add the ground rejects from

15

the dry magnetic separator to the conditioner at

the same time that the raw material is being
conditioned. However, due to the usually smaller
amount of desirable material in the ground re-

jects, it is preferable to add them to. the condi--

tioner in a separate run. That is, during a part
of the operation period, the flow of raw material
to the agitator and conditioner would be stopped
and the ground rejects would be treated alone
and sent through the steps including and subse-
quent to the conditioning step. It would, of
course, be possible as an alternative procedure to
treat the ground rejects in & separate serles of
units the same as already described, but it is an
economy to use the same equipment,

In the re-running of these magnetic rejects. it
will, of course, be appreciated that provision must
be made in some cases for relieving the system
of the dry magnetic particles in order to avoid
"overloading the system with successive accumu-
lations of magnetic particles. Normally, the dry
magnetic rejects from the re-run would be re-
turned to the circuit and any excess of mag-

20
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3 .
mill, using highly muneuc balls and liners. In
this step, the grinding is done in the presence of .
the organic flotation reagent. This wet grinding
step may take the place of one or more of the-
crushing steps in the process selected for jllus-
tration and previously described. Consequently
in this ball mill process, the addition of further
flotation reagent during the uitatlon-condmon-
ing step may become optional.

As illustrative of the superior results produced
by my product, I have included the following table.
of figures showing the recoveries of utilizable
feldspathic material from nepheline syenite, by
‘my process as compared with the former practice:

Per cent of | Per
Material crude Sy d
} (as Fes01)
Cruderook ....ooeooeomemui. 100.0 . 1.5000
Sand-alze nephellne syenite produoed by - ;
. MY DPrOCORS . .o oooceoen- 80. 50 3 :
Sllmo-ls’iu nephellne syenite produced by o.0%
......... 14,28 0. 080
Total reoovory of finished product by my .
................................ [ W /. 3% R,
Saud-slu mphe!ine ayenite produeed by :
standard practice_____. ... __. 70.0 0.0800
8lime-size nepheline syenite produced by . .
standard practioe.. .o .. oeonoooo . 21. 50 1,25
Total recovery of uuble product by stand- ‘
gmtioe slime-size unusable because
igh in FesOs content) ... _..._..... 70.00 | eoeeaanae
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netic particles would be removed by the flotation

step. Where the magnetic materials are found
to be building up in the circuit to the extent of
" contaminating the finished material, the follow-
_ing modification may be carried out. While not

45

shown in the drawing, by this modification dry '

magnetic .rejects secured during one of the re-

runs may be removed immediately from the sys-

tem without further treatment.

While it is usually preferable o include the
flotation step in the process, as above described,
an alternative treatment would be one in which
the flotation step is omitted, as indicated by the
* dotted lines extending from the conditioning step
to the mechanical classifying step. Even in such
event, however, the pulp should be conditioned
with the. fatty acid reagent in order to effect a
coating of the non-magnetic and weakly mag-
netic particles with magnetite.” So the reagent
should be used regardless of whether flotalion
is or is not included in the process.

Under certain conditions, and particularly

where there is an excess of non-magnetic unde-
sirable constituents or where there is a deficiency
in the amount of magnetite present, it might be
advisable to add to the pulp a supply of magnetite
particles in order to insure a sufficient coating
of the other undesirable constituents to thus
render such constituents amenable to separation
by s magnetic separator.

As another method of supplying fine magnetic
material to an ore that would otherwise be de-
ficient in it, my process can be modified to in-
clude a step of wet grinding the ore in a ball

50
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Tt will be seen from the foregoing that I have
invented & particularly eficacious method of
beneficiating ores, which will give a superior
product and is more economical to practice than
processes heretofore available. Although capa-
ble of wide application, my. process is particular-
ly desirable in the treatment of ores containing
iron-bearing particles which it is desired to have
removed from the finished product. It will also
be noted that my process removes certain iron-
free undesirable constituents, such as 1ron-free.
corundum. .

While the flotation step in my process 1s not
essential, I find it preferable Inasmuch as it
serves to remove the load on the magnetic sep-
arators and also serves to better condition such
ore as is sent to the magnetic separators. It will
also be noted in this connection that there is &
particular cooperative relationship between the
flotation and magnetic.separation steps in that
a single reagent and conditioning step may be
used for both the flotation and magnetic separa-
tion. . In connection with the reagent it will be
noted that a single, and relatively inexpensive,
reagent not only suffices, but is actually prefer-
able to avoid using additive reagents. i

Tt is also to be noted that my process contem-
plates means for maintaining the finished prod- '
uct relatively free of conditioning reagent as well’
as other undesirable organic material, and in
this connection finds particular application in
the treatment of ores for use in the ceramic in-

. dustry.

8d

. An advantage inherent in the thickening step
is the fact that the rémoved slime protects the
health of the workmen, prevents loss in handling,
and removes & major part of any free condition-
ing reagent and other undesirable organic ma-

" terial.

70

In- general, my process produces a superior
product, and achieves this result with little waste
of the raw material and in such a way that a
minimum of equipment Is necessary.

‘While I have shown, for the purposes of {llus-

. tration, & specific embodiment of my invention,

15

the purification of nepheline- syenite, it will be




4

understood that other ores can be purified by
my process. Also it will be understood that vari-
ous changes may be made in the treatments, re-
agent, steps, forms, and proportions without
exceeding the scope or spirit of my invention,
and that I am to be limited only by the scope of
my invention and the appended claims.

I claim: .

1. In a process of purifying feldspathic and
similar minerals containing magnetic constitu-
ents, the steps of comminuting a raw material
to particles having a size of minus 20 mesh,
agitating said particles with a substantially equal

weight of water and an organic compound con-

taining a fatty acid, said organic compound be-

-ing in the proportion of two pounds per ton of
said particles, said agitation taking place in a
range of temperature from 60° to 70° F., subject-
ing the conditioned pulp to-a flotation treatment
to remove a froth of objectionable materials, dis-
carding the rejected froth, classifying the flota-
tion tailings into slimes and sands, and separate-
ly subjecting the slimes and sands to a magnetic
separation step. -

2. In a process of beneficiating feldspathic and
similar ores containing magnetite and other un-
desirable constituents, the steps of comminut-
ing the ore, agitating and conditioning the com-
minuted ore with water and a fatty acid com-
pound to form  an approximately 50% pulp,

" classifying said pulp into slimes and sands, treat-
ing the sands to a dry magnetic separation step,
treating the slimes to a wet magnetic step, thick-
ening the non-magnetic products of the wet
magnetic step, and filtering said non-magnetic
material. . .

3. In a process for beneficiating feldspathic
and similar ores containing magnetite and other
undesirable constituents, the steps of comminut-
ing the ore, agitating and conditioning the ore
with water and a fatty acid reagent to form an
approximately 50% pulp, said reagent being used
at the rate of two pounds per ton of ore, classify-
ing-the conditioned ore to form a sand product
and slimes, subjecting the sand to a dry mag-
netic separation step, subjecting the slimes to a
wet magnetic separation step, thickening the
non-magnetic’ product of the wet magnetic step,
adding a flocculating agent to such thickened ma-
terial, and then filtering the material.

4. In a process of beneficiating feldspathic ores
containing magnetite and other undesirable con-
stituents, the steps of conditioning the com-
minuted ore with water and a fatty acid reagent
to form an approximately 50% pulp, classifying
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the conditioned pulp to form a sand product and
slimes, subjecting the slimes to a wet magnetic
step, drying the sand’s product, subjecting such
dried product to a dry magnetic separation, re-
conditioning the magnetic product.of the dry
magnetic separation step, and again subjecting
the same to & magnetic separation step.

5. In a process of beneficiating feldspathic ores
containing magnetite and other undesirable con-
stituents,. the steps of conditioning the com-
minuted ore with water and a fatty acid reagent
to form an approximately 50% pulp, such reagent
being added at.the rate of two pounds per ton of
ore, classifying the conditioned pulp into a sand
product and slimes, drying the sand product, sub-
Jecting such dried product to a dry magnetic
separation step, reconditioning the magnetic
product and subjecting it to magnetic separation,
subjecting the slimes from the classifying step
to a wet magnetic separation step, thickening the
non-magnetic material therefrom, adding a floc-
culating agent to sald thickened product, and
filtering the said product.

6. In a process of beneficiating a feldspathic
ore, the steps of thickening a pulp of said ore
in the absence of a flocculating agent, adding
alum to said thickened pulp at the rate of 0.2 to
2.0 pounds of alum per ton of ore to effect floc~
culation of the particles, and filtering said floc-
culated material to form a de-watered product
suitable for shipment. o

7. In a process of beneficiating feldspathic ores
containing corundum and other undesirable ma-
terials which are weakly magnetic, the steps of
adding water to the ore, wet grinding the ore
in ball milis having strongly magnetic grinding
media and liners, whereby finely divided particles
from said magnetic grinding media and liners will’
be added to the ground mixture, conditioning the
ore to selectively coat the said undesirable par-
ticles with said magnetic particles, and subjecting
such conditioned ore to a magnetic separation

treatment. o

8. In the treatment of feldspathic rock mate-
rials containing magnétic and other impurities,
the method which-comprises grinding the feld-
spathic material, treating the ground material
alone with a conditioning agent consisting of oleic
acid to render the magnetic and other impuri-
ties more completely separable, and thereafter

_subjecting the conditioned material to magnetic

concentration to remove the magnetic and other

impurities.
WILLIAM G. HUBLER.



