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This invention relates as, indicafed: to the art, of ore
beneficiation and more spec1ﬁca11y to a. process i:‘or sepa-
rating iron-oxygen. ¢ompounds frmn iron., bearmg ores. by

flotation.
"' TIron ores, immediately after they dre. mmed contain
excess quantities of siliceous gangue which make direct
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the presence of a carboxyhc acid’ collector and fiel oil,
it is found-that these fine sizes of iron are heavily floc-
culated so that they gather in heavy black masses, while

‘the. fine sizes of gangue are well dispersed in the ore.

In the. subsequent flotation.of the.ground ore,, these floc-
culited masses of fine iron particles are carried to the
surface in the froth, and the dispersed gangue particles
remain in the talhng The:exact reason. for this floccula-
tion: of the fine iron particles is not completely under-
stood at. present.. However, when. the ore is: ground in
the presence of the reagents the fine sizes of iron are
floated to the surface with: the remainder of the heavy
iron concentrates leaving the gangue particles in. the tail-
ing. - For this reason, it is. not necessary to remove. the
fine' particles from ore treated. according, to our inven-
tion. The fine iron particles are collected in the concen-~

* trated iron froth, and the fine _gangue partlcles remain in
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transportation and smelting of the .ores economically - :

impractical. For this reason, the ores are generally
punﬁed by such: processes; as flotation; . Many ore flota-
tion processes have been proposed in_the past, both to
float the iron constituent of the ore from'the gangue and
* to float the gangue from the iron. These processes how-
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ever, have been. very 1nefﬁc1ent in.concentrating ores con- .

taining high percentages of slimes.  Generally.in, order .
roducts: By these processes. . -
30

to. produce acceptably pur
it has beén mecessaty to:rémove thig slitnes from the ore
before it is floated. - The desliming operations . cons1d-
erably increase the cost of the finished ore both by
the desliming operauons ‘themselvés require:: :
money andhecause the iron constxtuents of the. shmes are
lost: -

the tailings.

The.carboxylic: acid collector used- may be any one-of
a number. of crude or refined. fatty or resin acids. .Crude
fatty acids: such as tall oil and acidulated cottonseed

“foots’ have been found to be good collectors: to employ

in the process: of our invention. : The amount of car-
boxylic acid collector used in: our process should exceed .

‘1.1b. per ton- of the ore and- we-have found- on-all- the
“ores tested that it is not necessary to use: an amount

_exceedmg 5 Ibs: per ton of ore.
One of the 011s most. econommal and easﬂy obtamable

to by the trade as No. 2 fuel 011 "This oil is a petroleum'

“fraction having a boiling point of between 450 and 670°
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It is, therefore, the prmclpal ob;ect of thzs mventlon

‘to provide a process of ore flotation wheréby’ substantially

all of the iron content of the ore will be collected with -

a minimum quantity of gangue. It is a more particular
object of this invention: fe: provide:a: process of iron ore
flotation. wherein desliming_of the ore is.not.necessary..

Other objects. and. advantages of the present invention
will become. apparent as. the followmg description pro-
ceeds.

To. the aocomphshment of the. fmegomg and_related

‘ends, said invention, then; comprises the features.herein-
after fully described-and partlcularly pointed’ out in-the
claims, the following description settmg forth in detail
certain ‘illustrative ‘embodiments of the. invention, these
being mdxcatlve, however, .of but a few of the. various

. ways in which the principle. of the .invention may_ be
- employed.
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F. and a flash point of 100° F.  The amounts of fuel
oil used in the process should be within the range of 1 to
20: 1bs. of il per-ton of solids, and in most cases, we
have. found that 7 to 10 lbs of oil per ton of solids is
most desirable. :

As indicated above:the broad embodunent of our inven-
tion' comprises- grinding the ore in the presence -of the
reagents- and- subsequently floating the iron constituents
thereof from the gangue in: a bath of water. On. some

~ores we have found: it desirable to- preliminarily com-
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minute the ore béfore the grinding with the reagents and
in some cases we have found it desirable to-grind the ore
in-the-presence of the reagents; then-float the ore collect=
ing the iron constituents thereof;, and subsequently fine

- grinding the ore in the: presence.of more reagents and sub-

jecting the fine ground material to froth flotation. -
" Concentration of iton- ore- by prior art processes has

- necessitated grinding- of' the ‘ore to-at least approxmately
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--as:large as 20 mesh may be floated by our process.

65- mesh: :However; we have found that iron particles
The

: best sprodiicts are obtained when the ore is ground to such

Broadly stated our invention compnses a process for

the recovery of. 1ron-oxygen compounds' from iron. bear-
mg ores which comprises ‘grinding 'said ore to flotation
size in the presence of 1 to.5 pounds of acarboxylic acid
per ton of solids and; 1 to 20 pounds_of. anoil: per, ton
of solids, and: subjecting. the. entire mass. whwh has thus
been ground to froth flotation.

We have found. that by grinding. iron ores. in. the pres-
ence. of a carboxylic “acid.collector and. a. hydrocarbon
oil, substantially all of. the. ifon constitients. of the ore
may be collected by flotation.. Iron ore.which has been
ground without. reagents has a.red color which. is char-
acteristic of the. dispersed fine sizes. of hematite, It is
: _recoomzed that known flotation ;processes do.not produce
satisfactory. separation. of iron from. gangue materials
when these fine red colored sizes of: iron,-matérial are
present. The fine. sizes of. iron materials: generally pro-
duce large. quantities. of non-selectwe £roths contammg
substantial quantltles of gangue: matenals

When the ore is ground according to our mventmn in
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ai” extent -that" the iron is liberated “from the gangue.

:_Grmdlng ‘to-100 mesh-is generally sufficient for the pur-

pose. -Of course, “the degree  of grmdmg necessary to
obtain the Best product varies with the type of ‘ore being

' purified. - For this reason no specific time limits- for

. within the limits of our invention..

(]

grinding can be stated. The requxred grinding varies for

“different ores.

Our process can be varled to- a considerable degree
] It is essential that the
ore be ground in the presence of the carboxylic acid
collector and an oil, but other reagents may be.added to
the ore immediately prior to flotation and any of the
well-known cleaning and finishing operations may  be
employed: after the flotation. We have found it desirable
to add to the ground pulp just prior to flotation a small

" quantity of sodium: silicate.or Orzan, AH-3.
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The following: examples are: included herein to: more
particularly “illustrate . specific methods of practicing our

invention on..given: ores--and-to- ﬂlustrate its- advantages

over prior art processes.
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EXAMPLE 1

A sample of Mesabi Range rock rejects was crushed
to —10 mesh and the —10 mesh material ground in a
laboratory rod mill to liberation size. In the grinding
operation the sample was ground for 15 minutes and then
the reagent addition of the fuel oil and Aliphat 44B were
made to the pulp in the rod mill. Thé pulp was then
ground an additional five minutes with the reagents. The
Aliphat 44B is a distilled tall oil produced by General
Mills, Inc.  After the sample had been ground in' the
presence of the collector and fuel oil, it was diluted to
13% solids.. ' To the diluted pulp was added a small
quantity- of sodium silicate. _Subsequent to the addition
of the sodium silicate, a rougher flotation concentrate
was skimmed from the flotation cell. The rougher flota-
tion concentrate was then' subjected to three cleaning
operations to produce a concentrate of an acceptable
grade.  The test procedure and results obtained are pre-
sented in the following table.

Conditions and reagents

Conditions Reagents Pounds
N . Per Ton
Stage of Process
Time, | Per- Ali- | No.2 So-
Min- | cent pH phat | Fuel | dium
“utes- | Solids 44B 0Oil |Silicate
Rod Mill Grind. . 15
Rod Mill Grind. . 5
Rougher Float_...] = 2
1—Cleaner. ... .2
2—Cleaner. 2
3—Cleaner... 2
Metallurgical results
Assay Percent Distri-
- Product Welght Units | bution
Percent Fe Percent
Fe 8104 Fe
Heads (Aésayed) ___________ 36.97
Heads (Calculated)... .. 100.00 {accaaen- 100. 00
Rougher Tailing..._._._ 27.10 5,43 4,01
1 Cleaner Tailing.__ . 11.13 | 1L.25 3.41
2 Cleaner Tailing_ . 5.33 1 21.53 3.13
3 Cleaner Tailing, 3.00 | 32.37 2.73
Concentrate:... - 53.35°] 50.65 86.72
EXAMPLE 2

A similar sample of Mesabi Range rock rejects was
concentrated in this example. ' The carboxylic acid col-
lector used was Ligro, a crude tall oil product of the
West Virginia Pulp and Paper Company. The proce-
dure followed in this example was the same as that fol-
lowed in Example-1 except that in the present test the
reagents were added to the sample at the beginning: of
the grinding period. ‘and’ the pulp was diluted to 26%
solids for flotation. The following table contams the
conditions and results of this test.

~ Conditions and reagents

Conditions Reagents Pounds per
Ton
Btage of Process
Time, { Per- No. 2 |{Sodium
Min- cent pH Ligro | Fuel | Silicate
utes | Solids . 0il
Rod Mill Grind. . 20 67 [ Natural | 2.34 8.22 |ocacon.
Rougher Float..._| . 24 26° 0
1—Cleaner_..
2—Cleaner-.. -
-3—Cleaner_.. -
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Metallurgical results

Assay Percent Distri-
Product Welght Units | bution
Percent Fe Percent
Fe 810y Fo
Heads (Assayed) 2
Heads (Caleulated) _.... 100.00 100.00
Rougher Tailing. _. 28,08 4,96
1 Cleaner Tailing__ 1131 4,14
2 Cleauer Tailing 5.78 3.84
3 Cleaner Tailing 3.26 3.07
Concentrate... 51. 57 83.99
EXAMPLE 3

The sample of material used for this test is known as
a specular hematite and was obtained from the Groveland
formation. In this example, the collector and fuel oil
were added to the sample at the beginning of the grind-
ing period. - The collector used was acidulated cottonseed
foots produced by The Southern Cotton Oil Company.
In this test no sodium silicate was used.
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‘the froth from the cell.

« Conditions and reagents

Cdnditions Reagents Pounds
- - - Per Ton
" Stage of Process | - Acidu-
L. oih-Time, | Percent : lated No. 2
Minutes { Solids pH Cottgln- Fuel Oil
- = see
Foots
Rod Mill Grind 15 67 | Natural., 2.20 7.68
Rougher-Float 1Y 26 |.._do._...
1—Cleaner.. 134 -.-Go
2—Cleaner... - 114 wedoo ool
3—Cleanerocaae.n. . 134 do
Metallurgical results
. Assay Percent Distri-
Product Welght Units | bution
Percent .| Fe Percent
Fe 8104 " Fe
"Heads_(Assayed)
Heads. (Calculate 100. 00
Rougher Tailing. 5.45
‘1'Cleaner Tailing. 3.28
2 Cleaner Tailing.. 2.45
3 Cleaner Tailing__ -1 1.83
Concentrate....ooo..cni. 86. 93

 EXAMPLE 4.

‘ The sample used for this test was 2 drill core sample

from the formation known as Felch Mountain. The

crushed -—10 mesh material was ground in a laboratory
rod mill for 15 minutes. . The collector, Aliphat 44E,

“a product of General Mills, Inc., and fuel-oil additions

were then made to the pulp in the rod mill and the

‘sample ground with the reagents for an additional five
‘minutes. The ground sample which had been conditioned
“with the above-mientioned reagents durmg the last stages

of the grind was pulped with water in a laboratory flota-

‘tion cell and a sodium silicate addition made to the pulp.

A rougher concentrate was then removed by skimming
In like manner, the rougher
concentrate was cleaned three times by repulping with tap
water.- Sodium silicate additions were made to the first
and second cleaner cucmts. S
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EXAMPLE 6

" Application of our flotation process to- the larde re-

‘tions of Mesabi Range ores which are too Tefractory ‘to
be concentrated effectively by the conventional -gravity

‘ethods which are now used. “For'example the 144 inch . -+
40"

natural size patticles of an“ore identified as Halobe when
trushed ‘to %4 and concentrated by ‘the ‘conventional
heavy media method prodiced ‘a concentrate ‘which as-
sayed 54.00 percent iron and '22.73 percent silica. “How-

Conditions serves of non-magnetic taconite found on the Mesabi
Per Ton PRIy s g P R
) ‘ - oo o o Rangeis shown in Examples 6 and 7. The non-magnetic
tage of Fr008SS | 1yme, | Per- ' Al | No.2 | So  taconite sample used in these tests was obtained from the
: Min. | cent. | pH | phat.| Fuel | diul property known as West Patrick. In this example, . the
utes | Solids i ) o1l - |Silicate crushed —10 mesh material was ground in a laboratory
S " rod mill for 20 minutes. The collector, Ligro, which is
Rod Mill Grind-- a crude tall oil, and fuel oil additions were then made to
Rougher Float__. the pulp.in the rod mill and the pulp ground an additional
Gianer e five minutes with the reagents. The ground sample was
3—Cleaner... - _then pulped in a laboratory flotation cell and a sodium
L - : ” silicate addition made to the pulp. -The rougher froth
Metallurgical resilts .. was then skimmed from the flotation cell. In like man-
I I e St ettt S 15 ner, the rougher concentrate was c1¢anedvth_ree‘t-ime‘s‘by
o .| Assay Percent | ;... | Distr- -repulping with tap water. Addltlpna'l Vspc‘hu»rrx;l silicate
Produet Weight+|___- Unlts | butlon was added fo the first and second cleaning circuits.
Pércert - N Feo | Percent : . e .
Fe | 8103 | e  Conditions and reagents
Heads (Assayed) y ’ ‘Gonditions ‘Réggénts Pounds pér
Heads (Caleulated) 100, 00 . Ton
Rougher Tailing A4 e - =
1 Cleaner Tailing. 3.95 ‘Stage of Process |- = ] T L
2 Cleaner Tailing_ 3.65 - | 'Time, | Per- .} No..2 |Sodium
3 Cleaner Tailing. . 8.26 Min- | cent pH Ligro } Fuel | Silicate
‘Concentrate.._. 84.44 o utes | Solids : oft i
oot caleined-flotati rate Rod ‘Mill Grind..| 20 60
Analysis ‘of calcined flotation concentrate - Rod Mill Grind.| 5. | - 60 LA e |
y e T 1Rotéglher Float....- ﬁé 26. 3 gO
i P P LT —Cleaner. 4 , 25
' ‘Proguét Fé |'Si0; | 040 |MgO| M- A40;| P |8 .. 3(leaner. bt — o2
“ .' ‘,« = = " " R | " — S—Qlesmer”. 1%
"Oéiicenitrate .| 60.70°| 6,70 2,6672.04.]. 07501 012 7 : —
_ R ) ~ ‘Metallurgical fesults
L - EXAMPLE ,5 : e Ry Weleht "Adsay Péicent Untt Eiﬁﬁ'
e et a aaw el Geand Welg] . . s | bution:
The_ invenition is further described in this, examiple ‘Percent’ Fe | Percent
where ‘the process has been’applied to various size frac- , 1 Fe | ®10s 1:

Fe

(Ca 100 O 100.:00

Rougher Tajling.'. 21.16 21790

"1 Cleaner Tailing. 17T 1:73

2 Cleaner Tailing. 5.05 1,66

-8 Cleaner Tailin 249 ~1-42

Concentrate 53.53 93.39
EXAMPLE 7

‘ever, when a sample of the 1%%" inch natural size'particles

of the ofe was crushed ‘and ground to- flotation ‘size and 45 L ) ,
thien concentrated by the method shown'in this invention, The - test shown “in"this“example ‘is a duplicateof Ex-
a concentrate of high grade “dnd Tecovery "was obtained. -ample 6 except that slightly decreased quantities of faity
A description of the test conditions, réagents used, and acid and fuel -oil were used. The conditions, reagents
metallurgical results -obtained on “the “1%2 ‘inch Halobe - uséd, and metallurgical results of the test are presented
- ‘ore is presented in the following tabulation. - 50 inthe following table. )
Conditions and reagents Tt Tt Conditions anid ‘reagents
Ci‘mditvi-oﬁs - ﬁ'eaéén;t's’i‘%onﬁnd_s'ber » Conditions ,Réh'gent_sq‘f;gqnds'p'er
Stage of Process e, | Per I ¥ Soiitim 85 Stago of Process "'ll‘viIme, 'l”erE M R : 1%{9512 Sﬁﬁﬁlum
ne, I S I N e Min- | cenf P qro el {*Silicate
Min- . cent pH Tigro:| “Fuel |Silicate 1
utes : | Solids-| - oyoil | utes | Solids on -t
Rod Mill Grind_.| 20| 67| Natumal | 234 8.22 |1 .. Rod Ml Grind-1 2
_Rougher Float..... 2 26,2220 i) i “0.50 60 Bougher Fload. .. 5
“1—Cleaner 2 Zean]es-do. - 0.50 ‘1—Cleaner T a9
2—Cleaner......-- 2 -.:do 0:25 9—Cleaner... 9
3—'—Clppmpru 2 ..T..df)_’..-- mes: 3—Cleater. 2
 Metallurgical results 65 e o, Metallurgical resulis
e Assay Percent | .. . | Distrl o oo .| Assay Percent | Distrl-
Product Weight |-~ - -~ I"Units | bution Product Weight | - - -.----_{ Units:| bution
“Percent “Fe | Percent Percent ) . Te Percent
. B Fe Fe 8103 Fe
Heads (Assayed) . ; 70 Hoads (Assayed) -
Heads.(Calculated) 100.00 100. 00 Heads (Calculated) .. ...~ 100,00 100: 00
Rougher Tailing_ .. 23.15 2.65 Rougher Tailing_ . 30.83 291
1 Cleaner Tailing. .- 10, 49 2.59 1 Oleaner Tailing- 11.77 3.00
2 Cleaner Tailing___ 5,43 ‘2,21 2 Cleaner Tailing.- 5.18 2.91
3'Cleaner: Tailing. .. 3:13 - 2.00 3 Cleaner Tailing.- 2.89 255
Concentrate. .- ocuuweave- 57.80 80.65. . Coneentrate .. --acuw-u-u 49.33 88.63
i 75 N — -~ - -
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COMPARATIVE EXAMPLE OF PRIOR ART

In order to further illustrate the improved results that
“have been obtained by the process presented in this in-
vention, a test. was conducted using the known conven-
_tional petroleum sulfonate process. The test using the
petroleum sulfonate procedure was performed on a sam-
ple of the same ore which was used in the test described
in Example 1. It is well known that in order for the
sulfonate process to function satisfactorily the fine sizes
of ground ore frequently referred to as slimes must be
first removed in order that their adverse effect on the
subsequent flotation operation will be eliminated. The
procedure and results obtained with the sulfonate process
are presented in the following table. In conducting this
test the —10 mesh ore was ground for 20 minutes in a
rod mill. After grinding the sample was pulped to 20%
“solids, the fines were dispersed with sodium silicate and
subsequently removed after the pulp had settled for three
minutes. The desliming operation was repeated a second
time to effectively remove a sufficient quantity of the —10
to —15 micron size particles. The deslimed pulp was
then conditioned at high solids with American Cyanamid
Reagent 899, fuel oil and sulphuric acid. A rougher
flotation concentrate was cleaned three times in order

that an iron concentrate of an acceptable grade would -

be produced.

Conditions and reagents

-Conditions = - | Reagents Pounds Per Ton
Stage of Process | Time, | Per- Rea- Sul- | Sod.
Min- | -cent | pH | gent | Fuel |phur-| Sili-
utes | Solids 899 Oil | ic | cate
Acid
Rod Mill Grind.... 20 87 -
Deslime (2 times)._ 3 - (2 TR (RO S 6.0
Condition......._.. 3 50 |ceeea 501376 7.0 |ceucen
Rougher Float_..__ 2 4.0 :
1—Cleaner. - 2
2—Cleaner 2
3—Cleaner. 2
Metallurgical results
Assay Percent Distri-
Product Weight : Units | bution
Percent Fe Percent
Fe 810, Fe
Heads (assayed) 36.97
Heads (calenlated)...._. 100.00 37.57 100.00
lime . . ___.__....__.. 31.28 | 381.33 |.ccao.. 9.80 26.08
Rougher Tailing_ .. _._.. 10. 48 /O I — 0.79 2.10
1 Cleaner Tailing._. 11.04 | 10.06 [eeeeoene 1.1 2.95
2 Cleaner Tailin, 5.86 | 22.87 |...__._. 1.34 3.57
3 Cleaner Tailing. -5.04 | 41.90.| 385.78 2.11 5.62
Congcentrate - 36.30 | 61.76 7.33 | 22.42 59. 68
Concentrateand3 Clean-
er Tailing....__..__.___ 41,34 | 59.3¢ | 10.79 | 24.53 65.30

In comparing the results obtained with the new process
described in this invention with the results obtained with
_ a known conventional process, it is clearly seen that a
considerably higher vield of iron was obtainéd by ef-
fectively concentrating the iron in the slime fraction.
Thus the concentrate product obtained by the prior art
processes contained only 59.68% of the iron in the
original ore. Whiie the concentrate product obtained in
Example 1 contained 86.72% of the iron in the original
ore, the two products were of approximately the same
purity. The product in Example 1 was 59.65% iron and
the prior art product was 61.76%. : )

The process of our invention performs the direct object
for which these flotation processes were proposed. Our

process produces a product containing substantially all .
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of the iron in the original ore. The product of cur process
is substantially pure so that undue costs of shipping and
smelting a large quantity of siliceous gangue are not in-
curred. In our process, the slimes, i.e. fine particles in
the ground ore need not be removed from the ore before
flotation. In the flotation operation, the iron constituents
of the slimes are collected in the finished product and the
gangue constituents of the slimes are left behind in the
tailings.

Other modes of applying the principle of the invention
may be employed, change being made as regards the de-
tails described, provided the features stated in any of the
following claims or the equivalent of such be employed.

We, therefore, particularly ‘point out and distinctly
claim as our invention: i

1. A process for the recovery of iron-oxygen compounds
from iron bearing ores which comprises grinding said
ore to flotation size in the presence of 1 to 5 pounds of
a fatty acid material per ton of solids and 1 to 20 pounds
of a hydrocarbon oil per ton of solids, and subjecting the
entire mass which has thus been ground to froth flotation.

2. The process of claim 1 characterized further in that
said ore is ground to such an extent that 95% thereof will
pass a 20 mesh screen. -

3. A process for the recovery of iron-oxygen com-
pounds from iron bearing ores which comprises prelimi-

" narily comminuting the ore, fine grinding that portion of

such preliminarily comminuted mass which contains all of
the fines including the slime fines to flotation size in the
presence of 1 to 5 pounds of a fatty acid per ton of solids
and 1 to-20 pounds- of a mineral oil per ton of solids,
and subjecting the entire mass which has thus been finely

-ground to froth flotation.

4. The process of claim 3 charﬁcterizéd further in that
said ore is comminuted to such an extent that 95% there-
of will pass a 20 mesh screen, and the preliminarily com-

- minuted ore which contains all of the fines is finely

40
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ground to such an extent that 95% thereof will pass a
100 mesh screen.

5.. A process for the recovery of iron-oxygen com-
pounds from iron bearing ores which comprises prelimij-
narily grinding said ore to flotation size in the presence of
1 to 5 pounds of a fatty acid per ton of solids and 1 to 20
pounds of a mineral oil per ton of solids, subjecting the
entire mass which has thus been preliminarily ground to
froth flotation, and collecting the portion thereof which
floats, fine grinding such collected portion in the presence
of up to 5 pounds of a fatty acid per ton of solids and
up to 20 pounds of a mineral oil per ton of solids, and
subjecting the entire mass which has thus been finely
ground to froth flotation to recover as well the iron-oxy«
gen compounds contained in the slimes of said ore.

6. The process of claim 5 characterized further in that

" said ore is preliminarily ground to such an extent that

65
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95% thereof will pass a 20 mesh screen and said collected
portion is ground to such an extent that 95% thereof will
pass a: 100 mesh screen. :

7. The process of claim 1 characterized further in that .
said fatty acid material is a resin acid. °

8. The process of claim 1 characterized further in that
said fatty acid material is tall oil.

9. The process of claim 1 characterized further in that
said fatty acid material is acidulated cottonseed foots.’
10, The process of claim 1 characterized further in that

_ said hydrocarbon oil is a mineral oil.

11. The process of claim 1 characterized further in that
said hydrocarbon oil is a petroleum oil fraction boiling
within the range from 450° to 670° F. E

12. A process for the recovery of iron-oxygen com-
pounds from hematite ores which comprises grinding said
ore to liberation size in the presence of 1 to 5 pounds of
tall oil per ton of ore and 7 to 10 pounds of a petroleum
oil boiling within the range of from 450° to 670° F. per
ton of ore, subjecting the entire mass which has thus been
ground including the slime fines to froth flotation in water,
and collecting the iron-bearing froth which floats.
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13. A process for the recovery of iron-oxide compounds References Cited in the file of this patent
from iron bearing ores which comprises grinding said ore UNITED STATES PATENTS
to flotation size, adding up to 5 pounds of a carboxylic .
fatty acid and up to 20 pounds of a hydrocarbonaceous 2’(5)14’426 XVleed """"""""" Szpt. 1;’ ’ igii
oil per ton of solids to the ore simultaneously with the & %’ 623"; 5; - Arscl’agbgl-d_"“—“f """ Fu]f. 1 6’ 1954
grinding step, flocculating the iron minerals and iron et CAUDALE - moe o €0 15
slimes of the ore during the grinding step by said acid OTHER REFERENCES
gnil oil additives, and subjecting the entire mass to froth Taggart: “Handbook of Mineral Dressing,” Wiley 1945,
otation.

pp. 12-88.



