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The invention described herein may be manu-
factured and used by or for the Government of
the United States for governmental purposes
without the payment to us of any royalty thereon
in accordance with the provisions of the act of
April 30, 1928 (Ch. 460,45 Stat. L. 467).

This invention relates to an improved process
for concentrating iron ores whereby froth flota-

- tion of the siliceous gangue constituents yields

an iron enriched product; more particularly it
relates to a froth flotation process employing

anionic collecting agents to effect flotation of

activated siliceous gangue constituents from
caustic alkaline iron ore pulps while retarding
flotation of the iron oxides with vegetable tannin
- extracts or acidic polyhydroxy- aromatic com-
pounds derived therefrom by hydrolysis.

An object of this invention is to provide a froth
flotation process for concentrating iron oxides in
pulps containing them in the presence of siliceous
gangue. A further object is to provide g flotation
process for separating silica from iron oxides
employing anion-active collecting agents. A still
further object is to provide a flotation process for
concentrating iron ores and products from the
milling of iron ores containing both calcaréous
and siliceous gangue materials. Still other ob-
Jects include the development of a Sflotation
process which will’ have greater selectivity in
separating siliceous materials from oxide iron ore
pulps and thereby effect greater operating econo-
mies. Other objects, purposes, and advantages
of the invention will hereinafter more fully ap-
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pear or will be understood from the detailed .

description of its practice.
In a co-pending application, assigned to the

same assignee as the present application, Serial -

No. 473,162, filed January 22, 1943, by Julius
Bruce Clemmer and Ballard H. Clemrnons is de-
scribed a process for beneficiating iron ores by
froth flotation wherein anionic collecting agents
are employed to float activated siliceous gangue
constituents from caustic alkaline iron ore pulps
with a pH of at least 10, while retarding flota-
tion of the iron oxides w1th metaphosphates or
polyphosphates.

As g result of further research and experi-
mentation, we have discovered an improved
method of concentrating iron:ores by froth flota-
tion of activated siliceous gangue constituents
employing anionic collecting agents, such as the
higher fatty acids, resin acids, mixtures of fatty
and resin acids, ‘and soaps thereof to float the

35

2

actlvated siliceous materials from caustic alka-
Iine iron ore pulps with s pH of at least as high
as 10, while retarding flotation of the iron oxides
with vegetable tannin extracts or related acidic
polyhydroxy aromatic organic compounds, such
as catechol, hydroquinone, pyrogallol, gallic acid,
and tannic acid, derived from vegetable tannins
by hydrolytic decomposﬂ:ion. :

“Tannin” is a class name applied to a group
of astringent products of vegetable origin em-
ployed for the tanning of animal hides to yield
leather, Tannins occur widely distributed in
nature in the bark, wood, leaves, roots, and fruits
of various trees and plants They are found in
commercial quantities, for example, in the bark
and wood of the quebracho oak, chestnut, pine,
hemlock, acasia, mangrove, mimosa, and other
trees; in the leaves of sumac and gambier, the
roots of canaigre and palmetto: the fruits of
myrobalans and Turkish oak; and in gall-nuts,
the warty masses which grow on trees as a result
of insects puncturing the bark.

The tannins are extracted from these and
other plants and trees by comminution of the
tannin-bearing material, leaching with water,
and recovering the extracted solids by evapora-
tion. The tannins are unavoidably dilutzd by
other water soluble substances present in the
bark or wood, such as mineral salts, carbohy-
drates, etc., and the extracts vary in the nature
and proportion of tannin and non-tannin mate-
rials. The extracts may alse be contaminated
with suspended insoluble matter and appear tur-
bid or muddy. The crude extracts may be treated
by different methods before evaporation to yield
a purified extract. Suspended solids may be re-

- moved by filter-pressing, centrifuging, or by set-
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tling and decanting. Another method of treat-
ment is to add blood albumin and heat #%3 ex-
tract to about 70° C., at which temperature the
albumin coagulates and carries down with it the
suspended matter and some of the deeply colored
non-tannin bodies. Other methods of purifica-
tion involve. treatment with chemical agents,
such as sulfur dioxide and sodium bisulfite. The
purified extracts are usually evaporated under
vacuum to yield concentrated liquid extracts or
substantially dehydrated residues for marketing.
Commercial liquid extracts may contain 50 to 60
percent or more of water, and the powdered or
solid commercial extracts may contain from 5 to
15 percent water,

Although the exact chemical structure of the
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tannins is not yet fully known, it is generally
believed that they are rather complex glucosides
of various polyhydroxy aromatic acids. Hydroly-
sis of the tannins, as by fusion with alkali, yields
among other entities glucose and gallic, ellagic, or
protocatechuic acid. The acid formed from hy-
drolysis furnishes a basis for simple classification
of the tannin materials:

(1) The gallol tannins hydrolyze to yield gallic
acid, with di-gallic (tannic) acid as an interme-
diate, which is convertible by heat into pyrogallol.

These tannins give a distinguishing biue-black

color with ferric chloride, and yield no precipi-
. tate with bromine water. This class includes the
tannins of gall-nuts, sumac, oak wood, and chest-

" nutwood.

(2) The catechol tannins hydrolyze to yield
protocatechuic acid, which is convertible by heat
into catechol. These tannins give g distinguish-
ing green-black color with ferric chloride, and
yield a precipitate with bromine water.’
class includes the tannins of oak bark, hemlock
bark, and quebracho wood. Arbutin, a glucoside,
yields a catechol isomer, hydroquinone, and be-
longs to this class. _

(3) The ellagi tannins yield ellagic acid on hy-
drolysis with dilute sulfuric acid. This class in-
cludes the tannins of divi-divi, myrobalans, and
valonia.

This simple classiﬁcation is arbitrary, however,
as many of the natural tannins are quite com-
plex and appear to be mixtures or combinations
of the various classes.

We have found that various vegetable tannin
extracts of the above designated classes are ef-
fective depressants for iron oxides during anionic
flotation of the activated siliceous materials. The
tannins which we have used and found satisfac~
tory in the practice of our invention include the
liquid and solid extracts of quebracho wood,
chestput wood and bark, hemlock wood and bark,
oak wood and bark, acacia (Borneo cutch), su-
mac, mangrove, and myrobalans, The liquid and
solid extracts were used interchangeably in our
method of flotation, and, based on their respective
tannin contents, were about equally effective.
The non-tannins in the various extracts were in-
active diluents and exerted no:deleterious effect
on flotation of the silica or retardation of the
iron oxides.

"In the practice of our invention, we may also
employ as iron oxide depressants the acidic poly-
hydroxy aromatic compounds resulting from hy-
drolytic decomposition of natural vegetable tan-
nin materials. These compounds, which may also
be prepared by well known methods of organic
synthesis, include catechol, hydroquinone, pyro-
gallol, gallic acid, and tannic (di-gallic) acid:
While we prefer to employ the natural tannin
extracts because of their lower cost, the acidic
polyhydroxy aromatic compounds may be used if
desired. In describing our invention, we shall
for convenience use the term “vegetable tannin
extract” to include the liquid and solid forms of
natural tannin extracts of commerce and the
acidiec polyhydroxy aromatic compounds which
may be derived therefrom or prepared by organic
synthesis.

A caustic alkaline pulp with a pH at least as
high as 10, and preferably in the range of 10 {o
12, is preferable in our method of flotation to
facilitate effective retardation of the iron oxides
by the vegetable tannin extracts. We prefer to
employ caustic alkalies, such as sodium or potas-
sium hydroxides, or their equivalents, to establish
the desired pH for flotation. Moderate quanti-
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~ ties of other alkaline reagents, suchk-as's:odlum
 sulfide, sodium carbonate, and sodium silicate,
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may be used in conjunction with the caustic al-
kalies if desired. A combination of hydrated lime
and soda ash has been successfully employed in
the ﬁotatxon of many iron ores and served the
dual purpose of activating the siliceous materials
to anionic flotation and establishing the desired
caustic alkalinity for flotation by formation of
caustic soda within the pulp. The optimum pH
for anionic flotation of the activated silica and
retardation of the iron oxides varies slightly for
different -ores but generally falls within the range
10 to 12, and the proper pH for any particular
case is best determined by experimentation. Poor
flotation of the silica and incomplete retarda-
tion of the iron oxides invariably results if the
pH of the pulp is much less than 10; a pulp pH
greater than 12 is not particularly objectionable,
but the froth is inclined to be voluminous and
flotation of the silica is sluggish. We therefore
prefer in our flotation method to keep the pH 1n
the range of 10 to 12.

It is essential in the practice of this lnventlon
that the siliceous gangue constituents in the iron
ore be activated and made floatable by the anionic
collecting agents. The siliceous gangue mate-
rials in certain iron ores, such as the calcareous
red ores of the Birmingham district, Alabama, are
naturally activated to soap flotation, presumedly
due to the presence of lime and/or magnesia salts
in the ores. Siliceous iron ores, as exemplified
by the weathered red ores of the Birmingham
distriet and most siliceous ores of the Lake Su-
perior district, seldom contain naturally activated
siliceous materials, and the successful operation
of our process requires that the silica in such
ores be activated for anionic flotation. Ex-
tended research on a variety of siliceous iron ores
demonstrated that our method of flotation lends
itself readily to the use of silica activating agents.
Many alkaline-earth and heavy metal salts ex-
hibit the property of activating quartz and vari-
ous silicate minerals to soap flotation if the prop-
er quantity is employed at an optimum pH. We
have found that conditioning of the caustic alka-
line iron ore pulp with a moderate quantity of an
activator selected from the group consisting of
soluble caleium, magnesium, barium, strontium,
and lead salts suffices to activate the siliceous
constituents to anionic flotation by the higher
fatty acids, resin acids, or their derived soaps
without adversely affecting retardation of the
iron oxides by the vegetable tannin extracts.

In the practice of our invention, we prefer to
employ hydrated lime for activation of the sil-
ica. Grinding or blunging the iron ore with suf-
ficient hydrated lime to establish a pulp pH of
about 11 suffices for complete activation of the
siliceous gangue in most iron ores. The usual
quantity of hydrated lime required to activate
the silica in iron ores varies from 1 to 4 pounds
per ton of ore, but some ores containing acidic
salts may require 8 pounds or more of lime per
ton. Our experiments on a variety of calcareous
and siliceous iron ores have revesled that only
part of the hydrated lime added to the flotation
pulp is consumed in activating the siliceous con-
stituents to anionic flotation; part of the added
lime may react with salts in the pulp and is pre-
cipitated as carbonate, another part is adsorbed
by the iron oxides, still another part remains in
solution to satisfy the solubility requirements of
the water, and finally any excess hydrated lime
added to the pulp remains undissolved. The lime
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consuming capacity differs for different iron ores,
and the proper quantity of lime for activation
of the silica is best determined by experimenta-
tion. Excessive quantities of dissolved lime in
the conditioned pulp should be removed before
flotation as they increase collector requirements.
- Although we have achieved by the practice of

this invention good flotation of silica from iron -

ore pulps containing 100 parts per million of
hydrated lime in solution, equivalent to about
0.8 pounds of dissolved hydrated lime per ton
of solids in our tests, we prefer that the flotation
pulp be substantially free of dissolved hydrat-
ed lime. The dissolved lime may he removed
either by washing the .conditioned pulp with
fresh water, or by addition of sufficient soda ash
to precipitate the lime as insoluble carbonate.
Brief conditioning of the iron ore with sufficient
hydrated lime to give a pulp with a pH of about
11 generally suffices for complete activation of
the silica. Subsequent addition of soda ash to
the pulp, the usual requirements for most ores
being 1 to 2 pounds per ton of solids, precipi-
tates the lime remaining in solution and gives
a pulp of the desired caustic alkalinity for flota-
tion. Additiona] caustic soda may be added to
the pulp, however, to establish and maintain the
desired pH during flotation. Should an excess
of hydrated lime be inadvertently added to the
pulp to activate the silica, as evidenced by a
PH of about 12.3, the excess is best removed by
settling and washing the pulp one or more times
with fresh water to reduce the pH to 11, where-
upon soda ash may be added to precipitate the
remaining dissolved lime in the pulp before pro-

ceeding with flotation. If desired, however, the

washing may be carried further to give a final
pulp for flotation practically free of dissolved
lime and having a pH of 9 to 10, Subsequent ad-
dition of a caustic alkali to the lime conditioned
and washed pulp to establish the desired pH for
flotation together with a vegetable tannin ex-
tract and a fatty acid or soap collector enables
flotation of the calcium-activated silica and re-
tardation of the iron oxides.

It will be apparent to those skilled in the art
that soft water free of lime or magnesia salts is
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practice of our invention to enable an improved
separation to be obtained. The various addition
agents which we have employed and found use-
ful include the metaphosphates; the polyphos-
phates; sodium silicate; starches of different
bofanical origin, such as potato, wheat, corn,
rice, arrow-root, or tapioca solubilized by heat
and/or chemical treatment to yield starch so-
lutions or gels of the¢ ruptured granules; hy-
droiyzed starch products, such as British gum
or dextrins; and various crude and purified
lignin sulphonates such as. may be recovered
from paper mill sulfite liquors. These auxiliary
addition agents are advantageous on some iron
ores in that they enable more effective retarda-
tion of the iron oxides with minimal quantities
of the vegetable tannin extracts during anionie
flotation of the activated siliceous materials.
The proportions of the various reagents em-
ployed in the practice of this invention are sub-
ject to considerable variation, and the optimum
quantities are best determined by experimenta-
tion for any particular case. Purity of the sep-
arated products is a reliable guide for reagent
adjustment. An excess of collecting agent pro-
motes flotation of a portion of the iron oxides
with the siliceous gangue, whereas a deficiency
of collector results in incomplete flotation of the
siliceous gangue. Conversely, an excess of veg-
etable tannin extract may result in retardation
of a portion of the siliceous materials, whereas
a deficiency permits flotation of some of the iron
oxides with the silica. Control of the collector
and tannin extract is not critical, however, and
reasonable variation in the quantities employed
is permissible without adversely affecting the sep-

aration.

40

not obligatory in the practice of this invention.

Some lime or magnesia salts in the flotation pulp
are permissible, and, in fact, are advantageous
as they insure complete activation of the siliceous
constituents to flotation.

The anion active collecting agents which we
have found suitable for flotation of activated

siliceous gangue materials from iron oxides in- :

clude the higher fatty acids such as oleic acid
or red oil, the purified or crude sodium oleates,
fish oil fatty acids, fish oil soaps, and various
crude and purified tallols and sulfate soaps de-~
rived from sulfate paper mill black liquors. The
tallols, which as mixtures of fatty and resin
acids, are relatively inexpensive and are the pre-
ferred collectors in the practice of our invention.

While we have achieved satisfactory flotation
of activated silica from iron ore pulps contain-
ing substantial quantities of slime by the prac-
tice of our invention, we prefer that the pulps
be deslimed. Desliming of the iron ore pulp
should be practiced whenever permissible as sub-
sequent flotation of the activated silica is more
rapid and complete, and less reagents are re-
quired.

We have discovered that various addition
agents may be advantageously employed to sup-
Dlement the vegetable tannin extracts in the
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‘To avoid possible confusion in describing the
results of our flotation tests, we shall hereinafter
designate the iron enriched pulps from the rough-
ing and cleaning steps as “iron concentrates,
rougher” and “iron concentrates, cleaner,” re-
spectively. The floated silica products from the
roughing and cleaning steps will be designated as
“rougher froth” and ‘“silica rejects,” respectively.
In describing the results of our tests we shall con-
sider and report the iron enriched pulps from the
cleaning steps (middlings) as finished concen-
trates. It will be readily apparent to those skilled
in the art that the middlings may be retreated by
conventional methods in continuous flotation op-
erations to yield an even higher grade concentrate
without departing from the spirit of the invention.

Our invention will be further illustrated, but is
not intended to be limited by the following ex-
amples of practice:

Example I

A sample of calcareous red iron ore was oh-
tained from an operating mine in the Birmingham

‘district, Alabama. The ore was typical of the dis-

trict and contained hematite associated with a
gangue composed predominately of quartz and
calcite together with minor amounts of accessory
calcareous and siliceous materials including shale
and ferruginous clay. A head analysis gave 36.2
percent Fe, 10.6 percent CaO, and 24.6 percent hy-
drochleric acid insoluble (hereinafter referred to
as “insoluble” or “insol.”). The sample was a
typical calcareous iron ore containing siliceous
gangue naturally activated to soap flotation.
Pulps of the ground ore were alkaline (pH 8.6),
and qualitative tests on the water showed pres-
ence of lime salts.. .

In carrying out the flotation process according
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to this invention, the iron ore or product to be
treated is first ground to proper size for flotation,
if not already of such size, by :conventional meth-

dlings), the rougher iron concentrates (tallings),
and the untreateqd slime were dried, weighed, and
assayed. The results of the test follow:

Assay, percent Distribution, percent
Product gﬁiﬂg -
Fe | Ca0 |Insol.| ¥e | CaO jInsol.

Tron concentrates: i
Rougher. ._.._..__..._. 36.4 ) 52.4 511 1.6 52.5] 17.0 17.1
Cleaner. ..o_.o._...._ 1.8 33.1| 158 17.2| 10.8]| 17.2 8.3
SHme. el 27,0 43.2 | 107 151 | 321 26.6 16.6
Composite....... 75.2 1 46.1 8.8 13.7] 954 60.8 41.9
Silica rejects.... oo 24.8 6.9 | 17.2} 87.7 4.6 30.2 88.1
Composite feed_.._._. 100.0 ) 36.3) 10.9} 24.6 ; 100.0 | 100.0{ 100.0

ods. The fineness of grind may vary from 35
to 200 mesh or finer, depending on the degree of
liberation of the particular ore; substantially
complete liberation of the iron oxides and siliceous
gangue is essential for a satisfactory separation
by flotation, and the fineness of grind should be
selected accordingly. A hmxtlng size of 100 mesh
was chosen for this ore.

A 250-gram portion of the ore rolls-crushed to
20 mesh was wet ground to pass 100 mesh using
25 pounds of one-half inch stee] rods as the grind-
ing media with 250 ml. of tap water in a laboratory
rod mill. The ground charge was diluted to a
volume of 2.5 liters with additional tap water to
give a pulp containing about 10 percent solids.
The pulp which was flocculated was then dis-
persed using caustic soda and sodg ash equivalent
to 2.0 and 1.0 pounds per ton of ore, respectively.
The dispersed charge was fractionated by sedi-
mentation and decantation to remove the bulk of
the slime finer than 20 microns. The granular
portion, essentially free of slime and coarser than
20 microns, was then repulped with additional
tap water and transferred to a small mechanical
flotation cell of standard design. Sufficient tap
water was added to give a pulp for flotation con-
taining about 20 percent solids.

Flotation of the naturally activated silica was
effected from g caustic alkaline pulp using tallol
as the collector, and “Purex SM brand,” a que-
bracho extract marketed by The Tannin Corp., as
the iron oxide depressant. The reagent charge
‘expressed in conventional pounds per ton of ore

was as follows:
Conditioner Cleaner
Reagent Rougher
No.1 | No.2 No.1 | No.2
Causticsoda. . ... .. L6 [ feimiaias 0.6 0.6
Purex SM brand que-
bracho extract_..____ 0.5 N O R R
T a5 15| L) 15
11,15 1L15 0.9 10.75 10.8

The substantially deslimed pulp was first con-
ditioned with the caustic soda (commercial iye)
and quebracho extract to establish the alkalinity
desired for flotation and to retard the iron oxides.
Tallol was chosen for the collector in the test.
The pulp was conditioned with the tallol, and air
was then allowed to enter the cell and resulted in
immediate formation of a compact, heavily min-
eralized froth of the siliceous materials. The
froth was collected for 1.5 minutes, whereupon
flotation was complete. The rougher froth was
cleaned twice by re-floating in the same cell using
tap water with additional caustic to maintain
alkalinity. The final silica rejects, the combined
iron concentrates from the cleaning steps (mid-

20

25

30

35

40

50

55

60

85

70

76

The flotation silica rejects accounted for 24.8
weight percent of the feed, and contained 58.1
percent of the insoluble and only 4.6 percent of
the iron. The untreated slime and cleaner iron
concentrates were sufficiently low in insoluble to
be considered finished grade. The composited
iron concentrates represented a recovery of 95.4
percent of the iron in the feed and assayed 46.1
percent Fe, 8.8 percent CaO, and 13.7 percent in-
soluble,

The results of the recorded test are typical of
those obtained on deslimed charges of the cal-
careous red ore ground to pass 65, 100, or 200
mesh in a pebble mill, iron ball mill, or iron rod
mill. Good flotation of the activated silica was
achieved by using a moderate quantity of tallol,
sulfate soap, oleic acid, sodium oleate, or similar
anionic collecting agents in caustic alkaline pulps
in conjunction with the “Purex SM Brand”
quebracho extract to retard the iron oxides. A
moderate quantity of the quebracho extract
sufficed for the separation and control of the
depressant was not critical.

Example I

The summarized results of several flotation
tests on the calcareous red ore using various
vegetable tannin extracts as the iron oxide de-
pressant are given below. The ore charges were
ground to pass 100 mesh, deslimed at 20 microns,
and floated by the procedure described in Ex-
ample I. The tests were made employing 1.0

‘pound per ton of the designated vegetable tannin

extract together with 0.8 pound of tallol per ton
as the collector, and 2.0 to 3.0 pounds per ton of
caustic soda as needed to give a pulp pH of about
11 for the roughing operation. The rougher
froths were double-cleaned in the tests using ad-
ditional caustic soda and tannin to retard the
remaining iron oxides; the quantities employed
in the cleaning steps were 0.8 and 0.1 pound per
ton, respectively. The grade of the composited
flotation iron concentrates from the roughing and
cleaning steps and the percentage of iron recov-
ered from the flotation feed in the tests are as
follows:

. . Assay, per cent Re-
Test Vegetable tannin Weight, covery,
No. | * extract employed per cent per cent
: Fe | CaO [Insol.| TFe
Flotauon feed.._._..__ 100.0 1 33.4 | 11.4 | 28.2 100.0
... ,» F, del C” brand 78.2 | 4L.6 | 11.8 | 11.6 97. 4
quehrarho extract.
2..___ “Hy-Test’ brand que- 66.1147.7| 7.7 13.0 93.1
bracho extract. .
S Oak bark extraet....__ 72,71 44.2110.5] 12.5 86.1
4 . Borneo cuteh__.__ 79.9 | 41.5{ 11.7 | 14.8 97.9
b Hemlock extract.. - 5. 7.4 0.3]12.1 93.9
[ Chestnut extract..____; 45.4 | 10.2 | 12.1 94.8
Tane Myrobalan-extragt.____ ! 47.4 | 8.4112.8 93.5
1

The various tannin extracts employed in the
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tests were of the dry, powdered forms and were
selected as being typical of the gallol, catechol,
and ellagi classes of tanning commercially avail-
able, Based on their respective tannin content,

10
relatively low cost, the acidic polyhydroxy aro-
matic compounds resulting from hydrolysis of
natural or treated tannin extracts of commerce,
or.prepared by organic synthesis, may likewise be

the various commercial extracts were equally ef- ; employed without departing from the spirit of
fective for retarding the iron oxides during our invention. )
anionic flotation of the silica. Ezxample IV i
Example IIT A 250-gram charge of the calcareous iron ore
was ground to pass 100 mesh as in Example L.
e o S paTIEIe ¥ BAe SO0 10 Tho ground charye, incuding sime, was trana:
ferred to a small mechanical flotation cell of
extracts as iron oxide depressants in our method
of silica flotation. We shall now consider the s?‘;dar& dtlasign antli s;lmcign:atiiap wat:r was
results of similar flotation tests on deslimed por- ab eg 9 give a pl.;ip °;,1 0 i on containing
tlons of the calcareous red ore wherein various - ? ou percent solids. Flotation of the silica
polyhydroxy benzenes and benzole acids were rom the iron oxides was effected by the following
employed to retard the iron oxides. These poly- reageélé;s e}:pressfed in conventional terms of
hydroxy aromatic compounds are closely related ~ POURdS per ton of ore:
* to the vegetable tannins and may be derived from )
the extracts by hydrolysis of the glucosides. Acid ,, Conditioner Cleaner
hydrolysis or fusion of the dry extract with alkali Reagent Rougher
vields the hydroxy acids which may be recovered. No. 1} No. 2 No. 1| No. 2| No. 3
The acids decompose on heating to yield the poly-
hydroxy benzenes. The compounds may also be  pame s band o] *° 0.6} 0.6} o6
conveniently prepared from benzene and its de- 25 Tbﬁacho extract b1 ) SRR ERR NN . E
rivatives by well known methods of organic ~ T?m?a{m B 25 gfg 251 2.5| 25| 2.8
synthesis. PulppH.... .. 1.0 { 11.0 10.8 {10.85 | 10.8 | 10.8
The flotation charges were ground to pass 100
mesh, deslimed at 20 microns, and floated by the The slime-bearing pulp was conditioned with
procedure given in Example I. The comparative 30 caustic soda (commercial lye) and quebracho ex-
tests were made using 1.0 pound per ton of the tract. Tallol was then added and the pulp again
designated polyhydroxy compound to retard the briefly conditioned as indicated. The rougher
iron oxides together with 0.8 pound per ton of froth was friple-cleaned by re-floating in the
tallol as the silica collector and 2.0 to 3.0 pounds same cell using tap water for dilution together
per ton of caustic soda as needed to establish a 5, with caustic soda. The rougher and composited
.pulp pH of about 11 for the roughing separation. cleaner iron concentrates and final silica rejects
The rougher froths in the tests were triple- were dried, weighed, and analyzed. The resulfs
cleaned using 0.8 pound per ton of caustic soda of the test are as follows:
Product Welght,‘ Assay, percent Distribution, percent
per cent
Fe | CaO |Insol.| Fe | CaO | Insol.
Iron concentrates: .
Rougher. ... ....... 52.3 | 49.4 3.8| 1831 70.7| 18.5} 30.3
Cleaner.._..____J 1000 282§ 841| 16.7) 1567 26.3| 43.8] 181
Composite. ... 80.5| 44.0| 83| 17.4| 97.0| 623| s7.¢
Silica rejects ceeeroeeccnnns 19.5 66| 20.8] 53.1 3.0 3n7 42.8
Composite feed ... 100.0.| 36.5{ 10.8) 2431 100.0 | 100.0 | 100.0

to maintain the pulp alkalinity in each step.
‘The grade of the flotation concentrates from the
roughing and cleaning steps and the percentage
of iron recovered from the flotation feed in the
various tests are as follows:

Re-
covery,
per cent
Insol.] Fe

Polyhydroxy com- Assay, per cent

pound employed
as depressant

Weight,
per cent

Test
No.

Fe | CaO

Flotation feed. . .______
Gallicaeid......_..__..

1 100.0
94.9

93.1

16,2 86.7
83.2
9.7

Hydroquinone...._....
Pyrogallol.......neeae-

52E B8
MOOD W0
SO Q0O
DO OB

-

o

=

The results of the test are of interest and dem-
onstrate that the polyhydroxy benzenes and
benzoic acids may be employed if desired as iron
oxide depressants. The polyhydroxy benzenes
(poly-phenols) are particularly advantageous
when rejection of the calcite or other calcareous
materials with the silica is sought. While we
prefer to use the vegetable tannin' extracts as
depressants in the practice of our invention be-
cause of their high degree of effectiveness and

60

%

Flotation of the silica from the slime-bearing
pulp rejected 42.6 percent of the silica (insol.)
with a loss of only 3.0 percent of the iron. It
is therefore apparent that our method of flota-
tion is applicable to iron ore pulp containing sub-
stantial quantities of slime.

Exzample V

In the previously described examples of prac-
tice, various vegetable tannin extracts and acidic
polyhydroxy aromatic - compounds which may
be derived from the tannin extracts by hydrolysis
were employed to retard the iron oxides during
anionic flotation of the naturally activated silica
from either deslimed or total charges of the
ground calcareous red ore. We shall now con-
sider the results of flotation tests wherein aux-
iliary addition agents are employed to supple-
ment the vegetable tannin extracts in our method
of flotation. :

- A 250-gram charge of the calcareous red ore
ground to pass 100 mesh in a laboratory rod mill
and the charge including slime was floated by
the procedure described in Example IV. Potato
starch solubilized with caustic soda to rupture
the granules at room temperature and form a
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starch solution was used as an auxiliary re-
agent in the test to supplement the quebracho
extract and aid retardation of the iron oxides.
The quantities of reagents employed in the test,
expressed in conventional pounds per ton of ore,
were as follows:

Conditioner Cleaner
Resagent Rougher
No.1 | Neo.2 No.1 | No.2

Causticsodsa.......... 2.5 4 0.8 0.8
Purex SM brand que-

bracho extract. .0
Potato starch__. .0
Tallol

The results of the test are as follows:
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agents which have been employed in conjunction
with the vegetable tannin extracts in the prac-
tice of this -invention include the metaphos-
phates, the polyphosphates, and various crude
and purified lignin sulphonates derived from pa-
per mill sulfite iquors, We shall now consider the
results of a typical test using Goulac, a com-
mercial calcium lignin sulphonate product from
dehydration of paper mill sulfite liquor marketed
by the American Gum Products Company, in
conjunction with Purex SM brand quebracho ex-
tract to retard the iron oxides during flotation
of activated silica from & calcareous red iron ore.
The ore was ground to pass 100 mesh and the
charge, including slime, was floated by the pro-
cedure described in Eample IV. The quantities
of caustic, Purex SM brand quebracho, Goulac,
and tallol employed in the roughing step were

Weight Assay, percent Distribution, percent
elg
Product per oent';
Fe | Ca0O |Insol.| Fe | CaO |Imsol
Iron concentrates:
ougher___...__.._.... 52.3| 50.4 56| 14.4] 73.0] 255 30.5
Cleaner............... 27.8 | 3L.6| 2.6 12.6 | 24.2 ) 52.7 14.0
) Composite....... 80.1| 43.8} 111 13.8 1 9v.2| 78.2 443
Siliea refeets.. ... 19.9 511 12.56| 69.8 2,81 21.8 56.7
Composite feed-..... 100.0 | 36.21 11.4{ 25.0{ 100.0 | 100.0 | 100.0

The combination of quebracho extract and
potato starch facilitated effective retardation of
both the slime and granular iron oxides during
anionic flotation of the silica. Additional
quebracho supplemented by starch was employed
in the cleaning steps to facilitate recovery of

calcite in the composited iron concentrates and.

vield a substantially self-fluxing iron product.
If desired, however, the calcite may be floated
with the silica and rejected by use of a small
additional quantity of collector in the cleaning
steps together with reduced quantities of tannin
extract. -

Other cereal and tuber starches, such as corn,
wheat, rice, arrow-root, and tapioca, solubilized
by heat and/or chemical treatment to yield solu-
tions or gels of the ruptured starch granules were
employed in other tests on the ore to supplement
quebracho and other vegetable tannin extracts.
The results of the tests were similar to those
recorded when optimum quantities of the starch
and tannin were employed. The utility of the
starches and hydrolyzed starch products for re-
tarding iron oxides during anionic flotation of
activated silica from caustic alkaline iron ore
pulps is described in a co-pending application,
Serial No. 567,763, filed December 11, 1944, by
Julius Bruce Clemmer and Milton Friel Williams,
Jr., and assigned to the same assignee ag the
present application. Although the starches and
hydrolyzed starch products are not obligatory in
the practice of this invention, they are ad-
vantageous addition agents and enable an im-
proved retardation of the iron oxides with re-
duced quantities of the vegetable tannin ex-
tracts. )

Example VI :

In addition to the starches and hydrolyzed
starch products, other useful auxiliary addition

40

3.0, 1.0, 2.0, and 0.8 pounds per ton of ore, re-
spectively. The rougher froth was triple-cleaned
using 0.8 and 0.04 pound per ton of caustic soda
and quebracho, respectively, in each step. The
composited rougher and cleaner flotation concen-
trates from the test assayed 46.6 percent Fe, 8.7
percent CaQ, and 12.7 percent insol., and repre-

-sented a recovery of 95.0 percent of the iron in
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the ore. The silica rejects assayed 6.5 percent
Fe, 18.2 percent Ca0, and 57.2 percent insol., and
contained 63.2 percent of the silica (insoluble) in
the ore.

Example VII

The utility of metaphosphates as auxiliary
agents to supplement the tannin extracts in the
practice of our invention was demonstrated by
the following test.

A 250-gram portion of deslimed gravity plant
fines from a bowl classifier operating in an iron
ore concentrator of the Birmingham district, Ala-
bama, was subjected to flotation to reject the
silica, which was present largely as quartz, and
recover an iron enriched product. The sample as
received was substantially finer than 65 mesh.
The reagent charge for flotation, expressed in
pounds per ton of feed, was as follows: .

Conditioner Cleaner
Reagent Rougher
No.1 | No.2 No.1 | No.2

Causticsoda . _..__.__ 125 [omimmme el 0.5 0.5
Purex SM brand que-

bracho extract.._____ 111 RS RSV IS PN
Sodium_ = hexameta-

phosphate.__.____.___ 0.16 |aceemo e eccmacaenn 0.04 0.08
Sodjium oleate. .. .|eccaean- 2.00 I IO,
Oleicacid. ... _|oo.._. (U553 PRI IR S,
Time, min. . - 2.5 2.5 2.5 2.5 2.5
PulppH. el 11.1 1.1 10.95 10.8 10.9
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The results of the test are as follows: - and give the final sflica rejects, The quantities
Welght Assay, percent Distribution, peieent
elght, —_—
Product per cent
Fe | CaO |Insol.| Fe | CaO | Imsol.
Iron concentrates: 1
- Rougher ... . ... 78.8 | 48.2 8.5} 12.2] 89.3] 741 49,7
Cleaner. ... _ 10.7{ 36.0| 1720} 130 9.0] 201 7.2
Composite. ... 89.5] 46.7] 9.5| 123| 98.3{ 92| 569
Silioa reJeets. coe - vnenmennnes 15| 69| 50| 74] L7| 58] 431
Composite feed_..._.. 100.0 | 42.6 [ 9.0 19,3 100.0{ 100.0 | 100.0

Example VIIT

The flotation tests heretofore reported were
made on typical calcareous iron ores and mill
products which contained siliceous gangue mate-
rials naturally activated to anionic flotation due
to the presence of soluble lime or magnesia salts
in the ores. We shall now consider the applica-
tion of our invention to iron ores containing un-
activated siliceous gangue constituents, The
weathered and siliceous red ores of the Birming-
ham district, for example, seldom contain suffi-
cient lime or magnesia salts to activate the con-
tained siliceous materials to anionic flotation. In
applying our invention to such ores the silica may
be activated and rendered floatable by the use of
hydrated lime or metal-salt activating agents.

A sample of washer rejects was obtained from
an iron ore concentrator operating in the Lake
Superior district, Minnesota. The sample as re-
ceived was substantially finer than 48 mesh and
represented a composite of classifier and dewater-
ing device overflows impractical to treat by meth-
ods heretofore available, The sample contained
hematite as the predominate iron oxide together
with some specular hematite and magnetite. The
gangue was mainly quartz with some iron sili-
cates and clayey material. A head analysis:of
the sample gave 40.9 percent Fe and 33.8 percent
insol.

A 250-gram portion of the washer rejects was
wet ground to pass 100 mesh and deslimed at 20
microns by sedimentation and decantation by the
procedure described in Example I, The granular
portion was transferred to a laboratory mechani-
cal flotation cell and diluted with tap water to a
pulp consistency of about 20 percent solids. The
pulp was conditioned with hydrated lime to estab-

-lish a pulp pH of about 11 and activate the silica
to anionic flotation. Soda ash was then added to
the pulp to precipitate the hydrated lime remain-
ing in solution-and simultaneously form caustic
soda in the pulp. The resulting pulp, substan-
tially free of dissolved lime, was then conditioned
with quebracho extract and tallol and subjected
to flotation. The lime-activajed silica floated
readily from the retarded iron oxides in a com-
pact, heavily mineralized, siliceous froth. The
rougher froth was cleaned once by re-floating in
the same cell to retard the remaining iron oxides
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of reagents, expressed in pounds per ton of ore,
employed in the test were as follows:

: Conditioner
Reagent Rougher Cgﬁ?“fr
No. 1|No. 2{No. 3|No. 4 ’
Hydrated lime___.._
Sodaash._...._..___

Caustic soda
Purex SM brand
uebracho extract.

The grade of the flotation test products and
the untreated slime fraction are as follows:

Distribution,
Prod Welght, Asgsay, per cent per cent ’
roduet per cent
Fe Insol. Fe Insol.
Iron concentrates: |

Rougher... 28.7 55.8 9.5 39.5 8.1
Cleaner.- ... 24.3 517 16.1 3.0 1.7
Composite. . 53.0| 53.9| 126| 70.5 19.8
Siliearejects._.___..... 20.5| 1.9 80.8 6.0 49.4
Slime (untreated)..... 26. 5 35.9 39.0 23.5 30.8
Composite.__...] - 100.0 40.5 33.5| 100.0 100.0

Activation and flotation of the granular silica
in the deslimed sample yielded & composite iron
concentrate from roughing and cleaning repre-
senting a recovery of 70.5 percent of the iron in
the washer rejects. The slime was neither of
concentrate nor tailing grade and contained 23.5
percent of the total iron in the sample. Flotation
gave an excellent separation on the granular por-
tion; 71.3 percent of the silica (insoluble) was re- -
jected in the silica froth and 92.2 percent of the
iron was recovered in the composited iron con-
centrates.

Ezample IX

Another 250-gram portion of the siliceous
washer rejects was ground to pass 100 mesh in
a laboratory rod mill. The ground charge, in-
cluding slime, was transferred to a small me-
chanical flotation cell, diluted with tap water
to give a pulp containing about 22 percent solids,
and subjected to froth flotation using the follow-
ing reagent charge expressed in pounds per ton
of feed:

Reagent

Conditioner
- Rougher

No.1 | No.2 | No.3 | No.4

Hydrated lime

Soda ash..__

Caustie $008. o oo
Purex SM brand quebracho extract....

Tallol. ..

Time, min

PulppH..
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The grade of distribution of iron and insoluble
in the test products are as follows:

. Distribution
Assay, per cent 4
Product Weight, ! per cent
per cent -
Fe Insol. Fe Insol.
Iron concentrates:

Rougher._........ 28.4 51,2 14.2 36.2 1.7
Cleaner._..._...._ 43.4 53.5 4.8 57.7 18.2
Composite. . 71.8 52.8 14.5 3.6 20.9
Silica rejects...........| 28.2 8.6 86.4 6.1 70.1
Composite feed.. 100.0 40.2 34.81 100.0 100.0

Actlvation and anionic flotation of the sﬂica

5

156

from the slime-bearing pulp rejected 70.1 percent .

of the silica (insoluble) in the washer rejects
and yielded an iron enriched product which as-
sayed 52.6 percent Fe and 14.5 percent insoluble
and represented a recovery of 93.9 percent of the
total iron. This test further demonstrates the
utility of our method for floating silica from iron
ore pulps containing substantial quantities of
slime. While we prefer to employ deslimed pulps
in the practice of our invention, desliming is not
obligatory on many iron ores,

The results of the above recorded test were
about average of those obtained on total charges
of the ore. Various of the commercial tannin
extracts were employed and found satisfactory
for retarding the iron oxides during anionic flota-
tion of the silica with oleic acid, sodium oleate,
sulfate soap, tallol, and the fish oil fatty acids
and soaps. Based on their respective tannin con-
tent, the liquid and solid tannin extracts, such
as sulfited and non-sulfited quebracho extracts,
oak extract, hemlock extract, chestnut extract,
myrobalans, and Borneo cutch were about equally
effective for retarding the iron oxides. Control
of the tannin and collector was not critical and
reasonable variation in the quantities employed
did not adversely affect the separation, Consid-

‘erable latitude was apparent both in the choice.

and quantities of tannin extract and collector
employed.
Example X

The utility of auxiliary addition agents, such
as the solubilized cereal and tuber starches, meta-
phosphates, and lignin sulphonates, to supple-
ment the vegetable tannin extracts and aid re-
tardation of iron oxides during anionic flotation
of naturally activated silica from calcareous iron
ore pulps has been described in previous ex-
amples. These addition agents are likewise use-
ful and give an improved separation on many
siliceous iron ores. We shall now consider the
results obiained using causticized potato starch
as an addition agent to supplement quebracho
extract in the flotation of a siliceous ore,

A sample of tailing pond material from an
operating plant in the Mesabi Range, Minnesota,
was obtained for testing. The sample as received
was substantially finer than 20 mesh and con-
tained hematite as the predominant iron oxide
together with some specular hematite and mag-
netite. The gangue was quartz together with
some iron silicates and considerable clayey mate-
rial. A head analysis of the sample gave 43.5
percent Fe and 31.8 percent acid insoluble.

A 250-gram portion of the sample was ground
to 100 mesh and deslimed by the procedure given
in Example VIII to reject the clay. The granular
portion was transferred to a laboratory flotation
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cell and diluted with tap water to give a pulp
containing about 20 percent solids for flotation,
The pulp was conditioned with hydrated lime to
activate the silica and then with soda ash to
precipitate the lime remaining in solution as
carbonate. The lime-activated sllica was floated
using tallol as the collector while retarding the
iron oxides with a combination of quebracho ex-
tract and potato starch. The potato starch was
solubilized by rupturing the granules with caustic
soda at room temperature to give a solution con-
taining 2.5 percent starch and 0.5 percent caustic
soda. The reagent charge, expressed in pounds
per ton, employed in the test was as follows:

Conditioner

Reagent Rougher

No.2 | No.3 | No. 4

Time, min.___
PulppHE. ... _..__

The combination of tannin and starch was
particularly efficacious for retarding the iron
oxides. A roughing treatment yielded a froth
of sufficiently low iron content for rejection and
a cleaning operation was unnecessary., The
grade and distribution of iron and insoluble in
the flotation products are as follows:

Assay, per cent | Distribution,
Product Weight, ber cen

per cent -

Fa Insel. Feo Inscl.
Iron concentrates....__ 68.6 61.8 6.3 02.7 12,2
Sileafroth___.....____ 3L.4 10.6 83.0 7.3 87.8
Composite feed.. 100.0 45.8 100.9 100.0

Ezample XI

A sample of siliceous iron ore from a Michigan
deposit was next examined. The ore resembled
the weathered “taconites” of the Lake Superior
district and consisted of hematite together with
some magnetite finely disseminated in g siliceous
gangue of quartz and various iron silicates.
Grinding to 100 mesh was necessary for libera-
tion of the iron oxides.

A 250-gram portion of the ore rolls-crushed to
pass 20 mesh was wet ground in a laboratory rod
mill to 100 mesh. The ground charge including
slime and grind water was transferred to the
small mechanical flotation cell and diluted with
tap water to give a pulp containing about 20 per-
cent solids. The pulp was conditioned for 10
minutes with hydrated lime equivalent to 16
pounds per ton of solids to activate the quartz
and iron silicates to anionic flotation. The pH
of the lime-conditioned pulp was 12.3. 'The pulp
was withdrawn from the cell and allowed to
settle whereupon the clear supernatant water was
carefully decanted to avoid loss of slime. The
settled ore was repulped with fresh water to
about 10 percent solids and allowed to settle. The
lime-bearing water was decanted and the wash-
ing operation again repeated to give a final pulp
(pH—9.8) substantially free of dissolved hy-
drated lime. The lime-conditioned and washed
solids were returned to the cell and diluted with
tap water to give a pulp containing about 22
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percent solids for flotation. Flotation of the
activated silica from the retarded iron oxides was
achieved with the following reagents, expressed
in pounds per ton of ore:

Conditioner) Cleaner-
Reagent Rougher
No. 1] No. 2 No. 1] No. 2| No. 3
Causticsoda....._._..__ 2.0 |acceme]ammmaaas 0.8] 0.8 0.8
Purex SM brand que-
bracho extract..__.... ) 1 19 PR 0.08! 0.04 0.04
Tallol._.._._. I (. 3.0 oo 0. 0.21 0.2
Time, min. o250 25 40] 251 25| 2.5
PulppH.._ ... 1.2 ... 11.0) 10.7 | 10.8 | 10.8
The results of the test are as follows:

Distribution,

Weight, Assay, per cent per cent

Product per cent

Fe Insol. Fe Insol.

Iron concentrates: - :
Rougher_.__.__._. 27.7 57.8 12.0 41.1 8.
Cleaner..._..._._. 33.5| 545 16.8 46.9 14,
Composite .. 61.2 56,0 14.6 88.0 22.
Silica refects......__.._. 3.8 120 80.0 12.0 77.
Composite feed.. 100.0 38.9 40.0 [ 100.0 100,

The results of the recorded test are typical of
those obtained on lime-activated charges of the
finely ground ore using various commercial tan-
nin extracts as the depressants. Equally good
activation’/of the quartz and iron silicate gangue
minerals was achieved by either conditioning the
pulp with a large quantity of hydrated lime and
removing the excess dissolved lime by washing
the pulp before flotation, or by conditioning the
pulp with a lesser quantity of hydrated lime and
precipitating the dissolved lime remaining in the
pulp with soda ash prior to fiotation as described
in Example IX. Good fiotation of the silica was
achieved with moderate quantities of collector
from both total and deslimed pulps of the ore
containing not more than 100 parts per million
of dissolved lime. Pulp containing larger quan-
tities of dissolved lime or calcium salts invariably
required excessive amounts of collector and flota-
tion of the silica was incomplete.

Ezample XIF

While we prefer to employ hydrated lime as the
silica activating agent in the practice of our in-
vention, the soluble salts of caleium, magnesium,
barium, strontium, and lead may also be em-
ployed if desired. Additlon of a moderate quan-
tity of the metal salt to the caustic alkaline iron
ore pulp suffices to activate the siliceous con-

stituents to anionic fiotation without impairing -

retardation of the iron oxides by the vegetable
tannin extracts. Various ores require different
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quantities of the metal salt activating agents and

the optimum quantity of activator is best deter-
mined by experimentation for any particular
case. The utility of metal salts activating agents
in the practice of our invention was demon-
strated by the following experiment:

Three 250-gram charges of a siliceous iron ore
from the Lake Superior district were ground to
pass 100 mesh, deslimed at 20 microns, and
floated by the reagent charge and procedure
given in Example I. Lead nitrate, magnesium
chloride, and calcium chloride were employed on
the charges to activate the silica. The sum-

(&
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marized results showing the grade of the flota-
tion concentrates from the tests are as follows:

. " | Assay, per cent
Method of activation g:igg’!fé Rgti-o]!\‘vgry

Fe Insol.
Flotation feed...._.__..._.... 100.0 38.6 41.5 100.0
CaCls—1.0 pound per ton.. 56.0 59.7 1.0 84,1

MgOla 6Hy0—0.6 pound per .
GO e 41. 4 58.1 13.2 86.5

Pb N —0.6 pound per

( __.:23_--.___13 _______ Ij . 47.5 55.3 16.9 92,8

The results of the previously described flota-
tion tests in the various examples of practice are -
typical of those we obtained on a variety of cal-
careous and siliceous iron ores using various
vegetable tannin extracts, or acidic polyhydroxy

‘aromatic compounds which may be derived from

tannin extracts by hydrolytic decomposition, as
the iron oxide depressants while floating acti-
vated siliceous gangue constituents from caustic
alkaline iron ore puilps with oleic acid, sodium
oleate, tallol, sulfate soap, or similar anionic col-
lecting agents. While we have disclosed the pre-
ferred embodiments of our invention, it will be
readily apparent to those skilled in the art that
many variations and modifications may be made
therein without departing from the spirit of the
invention.

What is claimed:

1. A process for beneficiating iron ores con-
taining siliceous gangue materials which com-
prises conditioning an aqueous pulp of the com-
minuted ore in the presence of hydrated lime to
yvield a pulp with a pH of at least 11, thereafter
washing the conditioned pulp with fresh water to
yvield a pulp containing not more than 100 parts
per million of dissolved hydrated lime, adding
thereto a quantity of caustic alkali to establish
a pulp pH at least as alkaline as pH 10, and a
vegetable tannin extract, and then subjecting
said pulp to agitation and aeration in the pres-
ence of an anion active collecting agent selected
from the class consisting of higher fatty acids, -
resin acids, mixtures of fatty and resin acids, and
soaps thereof, whereby siliceous gangue is floated
and beneficiated iron ore is depressed and recov-
ered. .

2. A process for beneficiating iron ores con- -
taining siliceous gangue materials which com-
prises conditioning an aqueous pulp of the com-
minuted ore in the presence of hydrated lime to
yield a pulp with a pH of at least 11, adding
thereto a quantity of soda ash to precipitate the
dissolved hydrated lime ahd yield a pulp con-
taining not more than 100 parts per million of
hydrated lime remaining in solution, thereafter
adding a vegetable tannin extract and an anion
active collecting agent selected from the class
consisting of higher fatty acids, resin acids, mix-
tures of fatty and resin acids, and soaps thereof,
and subjecting said pulp to agitation and aera-
tion whereby siliceous gangue is floated and bene-
ficiated iron ore is depressed and recovered.

3. A process for beneficiating iron ores contain-
ing siliceous gangue materials which comprises
addition to an aqueous pulp of the comminuted
ore a quantity of caustic alkali to establish a pulp
DPH at least as alkaline as pH 10, and a soluble
compound of an inorganic anion combined with
a polyvalent metal selected from the class con-
sisting of calcium, magnesium, strontium, barium,
and lead, together with a vegetable tannin ex-
tract, and then subjecting said pulp to agitation
and aeration in the presence of an anion active
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collecting agent selected from the class consisting
of higher fatty acids, resin acids, mixtures of
fatty and resin acids, and soaps thereof, whereby
siliceous gangue is floated and beneflciated iron
ore is depressed and recovered.

4. A process for the production of a benefici-
ated iron ore which comprises first subjecting an
aqueous pulp of such an ore to & preliminary ac-
tivating treatment with a soluble compound of
8 polyvalent metal selected from the class con-
sisting of caleium, magnesium, strontium, bari-
um, and lead; and thereafter subjecting the thus-
activated pulp to agitation and aeration at a
caustic alkaline pulp pH at least as high as pH
10 in the presence of g tannin substance selected
from the group consisting of vegetable tannin ex-

tracts and polyhydroxyaromatic compounds de--

rivable -therefrom by hydrolytic decomposition,
and in the concurrent presence of an anion-active
collecting agent selected from the class consisting
of higher fatty acids, resin acids and their soaps,
whereby siliceous gangue is floated and benefici-
ated iron ore is depressed and recovered.

5. A process for the production of a beneflici-
ated iron ore which comprises first subjecting an
aqueous pulp of such an ore to a preliminary
activating treatment with sufficient lime to es-
tablish & pulp pH of at least 10, then incorporat-
ing with said pulp sufficient sodsa ash to precipi-
tate excess lime while maintaining the desired
caustic alkaline pulp for flotation, and thereafter
subjecting the thus activated pulp of such an ore
to agitation and aeration at g caustic alkaline
pulp pH at least as high as pH 10 in the presence
of g tannin substance selected from the group
consisting of vegetable tannin extracts and poly-
hydroxyaromatic compounds derivable therefrom

10

- 20
by hydrolytic decomposition, and in the concur-
rent presence of an anion-active collecting agent
selected from the class consisting of higher fatty
acids, resin aclds and their soaps, whereby sili-
ceous gangue is floated and beneficiated iron ore
is depressed and recovered.

6. A process for the production of a benefl-
ciated iron ore which comprises first subjecting
an aqueous pulp of such an ore to & preliminary
activating treatment with excess lime, then re-
moving the lime from the thus activated pulp
to yield an activated pulp containing not more

- than 100 parts per million of residual dissolved
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lime, ‘and thereafter subjecting the thus-treated
ore pulp to agitation and aerafion at a caustic
alkaline pulp pH at least as high as pH 10 in the
presence of a tannin substance selected from the
group consisting of vegetable tannin extracts and
polyhydroxyaromatic compounds derivable there-
from by hydrolytic decomposition, and in the
concurrent presence of an anion-active collecting
agent selected from the class consisting of higher
fatty acids, resin aclds and their soaps, whereby
siliceous gangue is floated and beneficiated iron
ore is depressed and recovered.

JULIUS BRUCE CLEMMER.

MILTON FRIEL WILLIAMS, Jx.
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