Patented Sept. 18, 1945

2,385,054

UNITED STATES PATENT OFFICE

2,385,054
BENEFICIATION OF IRON ORE

Robert B. Booth, Springdale, and Earl C. Herken-
hoft, Stamford, Conn., assignors to American
Cyanamid Compn.ny, New York, N. Y., a cor-

poration of Maine

No Drawing Application August 11, 1943,
Serial No. 498,254

(C1. 209—166)

15 Claims.

This invention relates to the froth flotation of
oXidized iron ores and more particularly to proc-
esses using sulfonated organic carboxylic acid re-
agents.

The beneficiation of oxidized iron ore by froth
flotation has presented a peculiarly difficult prac-
tical problem. It is a comparatively simple mat-
ter to concentrate certain oxidized iron ores by
froth flotation with a large series of promoters,
such as for example oleic acid; however, the eco-
nomics of iron ore utilization are such that it is
necessary to obtain both good iron recovery and
& relatively high grade in order to make the proc-
ess economical because of the low price for which
fron ore concentrates sell.

According to the present invention oxidized iron
ore is floated using a sulfonated talloel reagent,
preferably. in the presence of an unsulfonated oil,
and for best results it is necessary to treat the
iron ore feeds with an acid substance the anion
of which is capable of forming an acid having a
dissociation constant greater than 10-7. Com-

mercial results are not obtainable without the

acid treatment except when very highly sulfonat-
ed talloe] is used, in which case the promoter it-
self is probably sufficiently acid or gives off suffi-
clent acid to effect the necessary change on the
surface of the iron ore particles. ]

Throughout the specification and claims the
term “sulfonated talloel” will be used in its usual
commercigal sense to cover the products obtainable
by reacting talloel with strong sulfuric acid. It
is quite possible that both sulfonation and sulfa-
tion take place, and it is not intended that the
term “sulfonated talloel” shall be restricted to a
compound in which all ordinary sulfur is present
in the form of the sulfonic acid groups.

It is an advantage of the present invention that
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reasonably satisfactory results may be obtained
with talloel having various degrees of sulfonation
from about 10-20% sulfuric acid based on the
weight of the talloel up to such highly sulfonated
products as those obtained by treating talloel with
equal quantities of sulfuric acid. It is a further
advantage of the present invention that it is not
necessary to use any particular grade of talloel.
Thus, it is possible to use crude talloel obtained
by acid treatment of black liquor soap containing
not only unsaturated fatty acids and resin acids
but also lignins and other products, or refined
talloel which has been freed of lignin may be used; -
and it is, of course, possible to use highly purified
talloel obtained by distillation and similar proc-
esses for refining talloel. For practical operation
we prefer to use sulfonated refined talloel as the
results are slightly better than with the sulfonated
crude product, and no material improvement is
obtained when sulfonated distilled talloel is used,
so that the higher cost of the latter product is
normally not justified in commercial operation.
This flexibility with regard to the constitution of
the reagent is of considerable importance because
talloel is not a rigidly standardized chemical
compound. On the contrary, the exact composi-
tion of talloels will vary depending on the par-
ticular wood used in the sulfate paper process
from which the black liquor soap is obtained, the
part of the country in which the trees occur, and
other factors. In our experience any of the
widely distributed commercial refined talloels may
be sulfonated to produce a reagent which will give
satisfactory results in practical operation. While
comparsable results may be obtained with sul-
fongted refined or semi-refined talloel and with
sulfonated distilled talloel, it should be noted that
the amount of sulfonation is not necessarily the
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same. For example, treating distilled talloel with
a smaller amount of sulfuric acid will produce a
product which behaves in & manner similar to a
sulfonated product obtained from refined or semi-
refined talloel which has been treated with a
larger amount of sulfuric acid. For example, dis-
tilled talloel treated with 30% by weight of sul-
furic acid gives a product, the behaviour of which
in the process of the present invention closely
approximates that of ordinary refined talloel
which has been treated with 50% of sulfuric acid.
Tt is not necessary to isolate the sulfonated tall-
oel. On the contrary, the reaction mixture it-
self may be used or it may be partially or wholly
neutralized with alkali. No material difference in
flotation efficiency is to be noted, and we believe
that the impurities produced in the sulfonation
_ reaction do not exert any deleterious effect on the
flotation. 'The possibility of using crude sulfona-
tion mixtures which are, of course, cheaper is a
valuable advantage of the present invention. Any
economy in reagent cost is of considerable im-
portance in iron ore flotation by reason of the
low sales price of the final product.

It is a further advantage of the present inven-
tion that it is not limited to sulfonated talloels
produced by any particular sulfonation procedure
and any of the ordinary sulfonation processes may
be used.

The sulfonated talloel reagent of the present
invention is rather different in its characteristics
from sulfonated petroleum hydrocarbons which
are claimed in our copending applications, Serial
No. 481,906, filed April 5, 1943, and Serial No.
491,384, filed June 18, 1943. While the present
invention shares with these other applications the
‘possibility of producing a commercially useful
grade of iron ore concentrate from practically
any iren ore which is available, the behavior to-
ward acid neutralization and other factors is
rather different. Sulfonated petroleum hydro-
carbons in general do not give useable results un-
less the iron ore is pre-treated with a fairly strong
acid. Sulfonated talloel may, however, be used
alone or with additional unsulfonated oils with-
out pre-treatment with acid where highly sul-
fonated material is employed. On the other hand
low sulfonated talloel will not give useful results
with acid treated ore alone in the absence of un-

sulfonated oils, and in fact with very low degrees 5

of sulfonation the acid. treatment may actually
inhibit practical flotation. It is clear that fhe

froth flotation of iron ore using sulfonated re-.

agents with acid pre-treatment of the ore must
involve & number of factors, the full extent of
which has not yet been determined. Without de-
siring to limit the present invention to any un-
proven theories we believe that one reason for the
anomalous results with talloel of low degree of
sulfonation may lie in the fact that in such cases
the major portion of the promoter is in the form
of an unsulfonated fatty acid or resin acid, and
one of the drastic distinctions between sulfonated
reagents and carboxylic acid reagents is that acid
pre-treatment of the ore often-times inhibits flo-
tation with the latter. ’ :
Another distinguishing featu:s between sulfo-
nated talloel and sulfonated hydrocarbons is that
many of the latter give satisfactory results on
acid pre-treated iron ore even though the flota-
tion circuit may be brought to neutrality or even
slight alkalinity with ordinary alkali such as soda
ash. . With sulfonated talloel, however, commer-
_clal results have not been obtained unless the flo-
tation circuit itself remains acid.
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1t is an advantage of the present invention that

. the particular acid used does not appear to be
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eritical, although results of practical utility are
not obtained with weaker acids than those having
a dissociation constant of 10~7, It is, of course,
necessary that the acid anion should not have a
known depressive effect on the iron ore. Sul-
furic acid gives as good results as any, and be-
cause of its great cheapness constitutes the pre-
ferred acid for practical operation. It is, how-
ever, not superior to other strong acids in the
quality of the results obtained and its choice is,
therefore, dictated primarily by economic costs
rather than operative efficiency.

It is an advantage of the present invention that
satisfactory results are obtainable with sulfonated
talloel alone when the ore has been properly pre-
treated with acid. However, the sulfonated talloel
‘may, of course, also be mixed with other sulfo-
nated reagents such as sulfonated petroleum hy-
drocarbons and under some circumstances these
mixed reagents possess some economical advan-
tages. It is also possible to combine an anionic
float using sulfonated talloel with a silica float
of the concentrate using known cationic froth flo-
tation procedures. With ordinary iron ores: this
double float does not give improved results and,
therefore, its additional cost is not justified. It
is, however, available for the treatment of cer-
tain particularly refractory ores. :

The froth flotation process of the present in-
vention behaves normally with respect to slime,
that is to say in common with many anionic flo-
tations a small amount of slime can be tolerated.,
but larger amounts of slime decrease grade of
concentrate and increase reagent consumption.
It is, therefore, desirablé to deslime fairly thor-
oughly, although the extreme degree of desliming
which is essential with many cationic flotations is
not necessary. Ordinary good desliming practice
may, therefore, be followed, and it is an advan-
tage of the present invention that the process is
not critical in this respect. .

The process of the present invention gives ex-

3. cellent results with the more common oxidized

iron minerals such as hematite and magnetite.
It is, however, an advantage of the present in-
Vention that other iron minerals commonly pres-
ent in iron ores, such as martite, limonite, siderite,
goethite, and the like, may also be successfully
floated by the procedure of the present invention.

"The invention will be described in greater de-
tail in conjunction with the following specific ex-
amples which deal with the treatment of typical
iron ores. In some cases low grade iron ores are
used which present a more difficult problem in
obtaining high grades with good recoveries. The
parts are by weight.

Example 1

A low grade refractory Minnesota iron ore
forming a reject from iron beneficiation opera-
tions and containing about 15% Fe as hematite

‘with some limonite mixed with a quartz gangue

was deslimed, conditioned at 60-65% solids with
various sulfonated talloels with and without sul-
furic acid and unsulfonated oils, diluted to 22%
solids, floated in a standard Fagergren flotation
machine and the concentrate cleaned once.. The
talloel used was ordinary refined talloel substan-
tially free from lignin.

The metallurgical results are given in the fol-
lowing table, the sulfuric acid used being 95%
strength and the amount of sulfonated reagent
1.62 lbs. per ton:
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Promoter used With 1.62 Ibs,fton sulturic Jith 1.621b. ton sulfurle
sulfonated talloel Sulfonatad talloel alone acid With 3.23 1bs./ton fuel oil acid and ,. bs./ton fuel oﬂ
Concentrate | Rgh, tall- | Ooncentrate hgh. tall- | Concentrate | Rgh. tail- | OConocentrate | Rgh. tail-
peroent Fe ing percent Fe ing peroent Fe ing peroent Fe ing
Parts Parts -

lioel | “aciq Dis- 'ver) Dis |’ Dis- | per. X Dis- |y

Assay | irib. | gent | PH | Aesay | o | B | 0H | Assay | gup | Py | PH | Amay | i | B0 o
Fe Fe Fe Fe
100 None | 31.47 | 80.25 | 8.46 | 7.1 | No promotlon 28.48 | 84.23 | 6.81 | 7.1 | No promotion -
100 10 39.33 | 82,77 | 5.50 | 6.7 | No useful ﬂont ...... -..|] 8171 | 48,89} 7.08 | 8.7 | No useful ﬂoat

100 0 10.94 | £0.56 | 2.75| 6.7 | 56.37 | 61.34 1 4.00 (28| 42.75 | 90.52 | 1.71 | 6.7 | 56.67 | 70.84 [ 4.18 | 2.8
100 30 29.38 | 90.351.70 | 6.5 | 40.56 71.09 3.82(2.8| 4442 92.81 {101 (6.5 | 5039 88 15| 10128
100 40 30.03 | 87,38 (2.15|6.4| 4836 | 61.28 | 5.07 | 2.6 | 35.83 | 92.62|1.43 | 5.8 55,23 90.67 | 1.19 {27
100 50 37.38 | 83.85(2.30 (6.2 56.61) 72.003.76]2.8| 43.95| 0170 | 1.40 (4.6 | 52.66 | 89.72 | 1.31 | 26
100 60 35.23 1 0L..87 {1.31 | 5.3 43.71 | 80.14 [ 2.45 1 2.6 | 53.92 | 9476 | 0.72 [ 4.3 | 56.48 | 94.30 | 0.83 | 2.6
100 70 54.93 1 81.2712.87 40| 53.98| 68.85(3.40| 2.6 5218 | 9275/ 0.95 | 4.0 56.19 | . 96.86 ) 0.42 | 2.6
100 0 41.08 ( 83.7112.15|3.8] 5242 | 63.79 | 4.08 | 2.7 ] 85.77 | 93.00 {0.80 | 3.8 | 57.50 | 92.85 | 1.07 | 2.6
100 90 53.50 | 65.606 14181 3.7 5200 ) 66.00 (3.28 | 2.7 | '57.74{ 88.62 | 1.79 | 3.8 57.56 | 80.06 | 1.55 | 2.6
100 100 00.07 | 38.33|7.40)3.5 50.50] 36.16 | 7.76 | 26 | 58.46 | 00.01 ([ 3.70 | 3.55 | 50.11 | 86.27 | 1.73 ] 2.8

Certain anomalous results will be noted where 20 as hematite associated with a quartz gangue; was

sulfonated talloel was used alone or with ore
treated with sulfuric acid but without any un-
sulfonated oil. The 80% sulfonated talloel gave
poorer grade than the 70% and in conjunction

conditioned with 30% sulfonated distilled talloel
with and without added fuel oil, sulfuric acid and
both, - The amount of sulfonated reagent was
2 1bs. per ton. The results appear in the follow-

with sulfuric acid the 60% was poorer than even 25 ing table:

Promoter used With 2.00 1bs./ton sulfuric With 2.00 1bs./ton sulfurio
sulfonated talloel | - Sulfonated talloel alone acid : With 8,00 Ibs./ton fuel ofl ncid and 5.00 Ibs./ton foel ofl
Concentrate | Rgh. tail- Conoentrate Rgh. tail- | Concentrate | Rgh. tail- | Concentrate | Rgh. tail-
Parts percent Fe ing percent Fe ing .peroent Fe ing percent Fe ing
talton sulfurie Assay Assay Assay Astay
| Assay t?i’é &F;t pH | Assay t?llls; cent | PH | Assay E}g’ _ﬁg pH | Assay tlt)i!la; gg pH
Fe Fe Fe Feo
100 30 241219296 |3.94 |65 3800 80.14 | 537 1 2.8 | 43.50| 08.45 | 0:95 | 6.4 58, 91.90 | 215 | 2.8
100. 20 2210 83.6278.80{6.7 6l.16 | 80. 51 437128
100 10 38.12{ 88.44 | 4. 49 | 6.8 .| Nouseful float |...___|.____
100 None | 39.1 79.87 | 6.89 | 7.1 No promotion ...........
1
the 20%. These grade results are not significant It will be noted that when fuel oil and sulfuric

where they fall unusually low, because in the
absence of unsulfonated oil the froth was very
intense and an unusually low grade merely means
that there was gangue carried along mechanical-
ly. The adverse effect of sulfuric acid in the case
of unsulfonated talloel or 10% sulfonated talloel
has been discussed above, and we believe is due
to the fact that in these cases the normal effect
of acid with carboxylic acid promoters predoml

nated.

Ezample 2
A somewhat higher grade Minnesota iron ore
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acid are used together with the reagent good com-
mercial results are obtainable even with 30%
sulfonated thloel

Example 3

The ore of Example 1 was used to test sulfona-
tion of different talloels. The conditioning and
flotation procedure was the same as in Example 1.
The amount of sulfonated reagent used. was 1.62
Ibs. per ton, except in the case of test 3, where
it was 1.08, and test 7, where it was 1.35, In each
case attempts were made to operate under op-

washer tailing, contalning about 25% Fe mainly 55 timum conditions for the particular talloel,

Concentrate Roughet
Percentage sulfonication Lbs./ton per cent Fo h?lfng
Promoter used—type of talloel A -
. ssay
fats | Sulfuricscla | Fusl| Sulfurle | youo | nistrin, | “per | pE
cent Fe

A crude talloe] containing lignin_. .. _... 100 33 162} 52.68 90. 88 1.01 27

Distilled tslloel-—ubout 30% rosin acids 100 3.2 1.62| 54.75 90, 83 1.19 2.6

Distilled 100 228 1.62 | 5230 86.88 1.67 2.7
Puttlallirbreﬂned Canadian talloel high in nonsaponiﬂable

material 100 323 162 | 50.41 50.06 [ 591| 26

A refined blown ¢ 100 3.23 162 83.74 93.30 0.88 2.6

Partlally refined talloel containing some precipitated rosin__ 100 3.23 182 5777 99,19 1.38 2.6

100 3.23 1.62| 60.46 80.55 1.36 2.6

Talloel—-dﬂuted with 109, secondary butanol 100 3.05 1.62 ] 56.54 88. 55 1.55 2.7

Distilled talloel about 30% rosin acids..._... .. ... 100 f” 86% acid)... 3.68 1.62| 5535 85.84 1.61 2.6

DO oo e 100 | 30 (oleum)..__._.. 3.23 1.62| 5565 83.34 1.91 2.7
Refined talloel—after sulfonation neutralized to methyl

orange with causticsoda.____. 100 | 25 (as 98% acid).._.| 1.21 1.62| 60.08 78.87 257 foees

fstilled talloel—after sulfonation neutralized to methyl .
orange with esustiesoda. ... __..___.__. ... 100 | 11 (as 98% acid)...| 1.21 1.62| 60.8 70.99 [ 257 ...
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_excellent results and that distilled talloels, except
in one case, did not give quite as good results as
sulfonated ordinary refined talloel. However, all
of the talloels gave results which may be con-
sidered satisfactory.

Ezample 4

The ore of Example 2 was used with various
amounts of different unsulfonated oils.
talloel was 50% sulfonated in the first two tests
and 30% sulfonated in the remainder. The
amount was 2 lbs. per ton for the sulfonated
talloel and 2 lbs, per ton of sulfuric acid except in

the case of saponified talloel, where 4 1bs..of -

sulfuric acid were used. Conditioning procedure
and flotation procedure were identical with those
of the two preceding examples. The metallurgical
results appear in the following table:

Concentrate | Rougher tail-
Addition reagent percent Fe Ing
Distribu-| A%8Y
Type Lbs./fton | Assay tion pe%%ent pH

alloel. .. ... 4,581 58.40 92,53 1.25 2.8
Oleic acid__......._. 4,471 59.23 91.00 L9t |.._...

rudeoil. _.____.... 5.13 | 56.48 95,21 0.83 2.8
Chlorinated - kero-

.7 TSI 3.88 |  60.66 83.93 - 1
Coconut ofl .. _...... 3.241 60.07 92.14 137 |-
Cottonseed ofl....__. 3.03 ] 59.47 86,12 2151 ...
Naphthenie acids. .. 411 | 56.25 85.35 2.46 |...._.
n-Heptaldehyde.____ 420 | b54.57 82.70 2.8L {.-_._.
Methy] ester of tal-

hL%.) 4.47 | 59.59 | 84.23 2,89 ].._...
Laury! mercaptan... 3.6 | 59.83 83.68 3.22 2.8
Saponified talloel_ . _. 4,00 | 65,89 90. 54 1.01 2.6

Bé, fueloil_._.._. 5.02 | 58.69 91,90 2.16 2.8

It will be apparent that good results are ob-
tainable with all of the unsulfonated oils and are
commercial with the possible exception of
n-heptaldehyde where the concentrate was a lit-
tle below usual commercial grade.  Excellent re-
sults are obtained with talloel and coconut oil as
the unsulfonated modifying agents. Good results
are also obtainable with ordinary fuel oil, and the
choice will be determined largely by economic

_considerations, primarily the relative costs of the
msterials. The wide choice. of cheap unsul-
fonated modifying agents-Tepresents an advan-
tage because of the greater flexibility of the op-
eration. It is of course, possible to use mixtures
of unsulfonated oils where such mixtures may be
desirable for economic reasons,

Example 5§

The procedure of Example 1 was followed using
the ore of Example 2 and determining the effect
of various acids on the iron ore. In each case
the sulfonated talloel was 30% sulfonated distilled
talloel and the amounts used were 1.62 1bs, per ton
except in the fourth test where 2.7 1bs, were used
and the eleventh test where 2.16 1bs, were used.
In the third test 3.48 1bs. per ton of talloel (un-
sulfonated) were used instead of the fuel oil used
in all other tests. The results appear in the fol-
lowing table:

The -

25

30

. 2,385,084
It will be noted that some crude talloels gave

Coucentrate | Rgh. tall-
Acld used per cent Fo ing
Fuel ofl,
1bs./ton Dis Assay .
Type Lbs./ton Avesy | iriny P&up . PH
1.82 477} 58,00 | 01.90 215138
1.62 3.80 | 56.37| 96,81 0.83 |29
2.16 13.48 | 58.87 1 91,121 1.67 1 2.4
- 248 5.00 1 80,71 | 78.56 645130
34 3.8 | 5314|9631 ] 0.83]3¢
3.96 380 | 57.56 0434 | 1.19]40
2,16 3.80 | 56.37 | 96,20 0.83]| 3.6
® 4,06 5457|9616 - 0.95 | 6.1
5,41 3.54 | 42.77 1 96.66 1071658
3.25 3.54 | 59.83 | 77.00 490129
3.285 4.07 1 67.92| 91.72 1.31 |33
alf 3.25 3.80 | 58.51 | 95.72 1,07 | 2.7
None........... None 4,07 | 43.59 | 96.45 0.95 6.4
1 Unsulfonated talloel used in place of fuel oil.
$ Saturated. .

It will be apparent that acceptable results are
obtainable with practically any strong acid. Car-
bonic actd which has a dissociation constant of
barely over 3 10~7 began to show a slight falling
off and boric acid, which has a dissociation con-
stant below 10-7, is definitely inferior. As sul-
furic acid gives as good results as any other it is
preferred because of its cheapness. The figures
for acid and fuel oil are based on ore rather than
deslimed feed which basis was used in the table
following Example 2.

Example 6

The flotation procedure of Examples 1 and 2
was followed using the ore of Example 2. Ineach
case & 30% sulfonated reflned talloel was used,
the first and third tests employing 3.34 Ibs. per ton

40 and the second test 4 1bs, per ton.  Typical acid
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salts were used in place of acids and the metal-
lurgical results appear in the following table:

Concentrate
Acld salt used percent Fo Rgh. tailing
' Toeleon
s./ton
Dis- | Assay
Type Lbs./ton Assay | iin pe}cent pH
. 'e
Sodium chloro- '
sulfo;mte ..... 8.00 5.96 | 59.23 | 90.72 2341 2.4
otassium
sulfate..___.__ 13.3 8.91 { 59.35.| 90.00 275123
B8odium _ silico-
fluoride..._... 4.40 5.65 | 56.72 | 94.52 0.83 13.45

It will be noted that strong acid salts such as
sodium chlorsulfonate or potassium bisulfate give
substantially the same results as sulfuric acid, but
require larger quantities. Smaller quantities' of
sodium silico-fluoride may be used with some
sacrifice of grade. In each case an amount of
acigl ts:.lt was used which was felt to give good
results.

Example 7

The ore and. fidtation procedure of Example 1
was followed using a2 30% sulfonated distilled
talloel as promoter, together with sulfuric acid.
Par{ of the ore was thoroughly deslimed in ac-
cordance with good ore dressing practice, part
was partially deslimed, and part was not deslimed
at all. The results appear in the following table:
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Assay Lbs./ton used
Per cent
Product 1:::1:?1? Per | Per Fe
cent | cent | 9IStrib. | promoter | HaSO4 Fﬁf‘
Fe 1.
Euentiallz completely deslimed: .
Oale, head 100.00 | 14.33 |-ccmen.- 100.00
Slime. 584 36.78 |.ece... 14.99
CleBN, CONC..ccumrcancncnnancnanann 10.54 | 67.20 9.74 78.01 1.50 1.50 | 878
Olean, ta 7.10 3.04 |eo..o. 1.95
R}ﬂx. 67.52 1.07 [ceecucs 5.05 .
Partially deslimed
Oale, hea 100.00 | 14.18 |c..o.... 100.00
Slime. 5.86 | 26.87 |-eaee--- 10.10
Clean. cono. i17.04 | 53.30{ 17.28 64.39 1.50 L5 | 617
Clean, tail 4,47 6.2 |ammeman- 1.97
Rgh.tall _..oeeeeenmceccccccncna 73.13 4,56 |eunan 23. 54
Not desiimed:
Cale. head 100.00 | 14.21 |..coe... 100. 00
Clean. cone. 12.42 | 52.60} 17.80 45,96 25 | 250 9.40
Clean, tail 2.85 | 10.83 feeene-.- 2,07
Rgh. tall 84.73 | 872 | 51.97

It will be apparent that while desliming is de-
sirable it need not be carried to an extreme de-
gree. In each case the amount of reagent em-
ployed was that which gives optimum results, and
it will be apparent that when the ore is unde-
slimed inferior grade is obtained, even though a
considerably increased amount of reagent is used.

Ezxample 8

The ore of Example 1 was used, but part of the
ore was conditioned at 656% solids and part at
22% solids, The reagents used were 1.62 Ibs, per
ton of 30% sulfonated distilled talloel, 1.62 lbs.
per ton sulfuric acid and 3.05 lbs. per ton fuel
oil. 'The results appear in the following table:

Concentrate per Pulp density per cent
vont Fo 1 Talling solids
Assay
Assay | Distrib. pei‘oent pH | Conditioning| Flotation
e
54.75 90.43 119 2.6 65 22
40.36 71.29 4.89% 2.6 22 22

It will be apparent that conditioning at high
solids appears to. be necessary in order to get
maximum results. This is in line with our ex-
perience with sulfonated hydrocarbons as pro-
moter reagents and in this respect the present
invention does not depart from optimum condi-
tions set out in our two copending applications
referred to above.

Ezxample 9

The ore of Example 1 was deslimed at 25%
solids, then scrubbed by agitation in a Fagergren
flotation machine with the air shut off at 25%
solids, again deslimed, thickened and conditioned
at 65% solids with 0.81 lbs. per ton 30% sul-
fonated distilled talloel, 1.62 1bs. per ton sulfuric
acid and 2.03 lbs, per ton 22° Bé. fuel oil. The
conditioned. ore was then diluted to 22% solids
and floated in a Fagergren flotation machine,
‘The results appear in the following table:

Assay P ¢
ercen!
Product Percent trib.
welght | percent | Percent | of Fe
Fe Insol.

100. 00 100, 00
6.19 14,91
3.51 8. 57

18,73 69.82
4,12 1.50
69, 45 5.20
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It will be apparent that with a soft iron ore
considerable secondary slime is formed by scrub-
bing. However, in many cases it is desirable to
remove this slime as it will be noted that an ex-
cellent recovery was made, the 69.82% actually
amounting to over 90% of the iron in the flota-
tion feed, some 23% of the iron in the original
sample being rejected as slime. The desirability
of scrubbing to remove secondary slimes is largely
dependent on the nature of the surface of the
ore particles and is desirable with some ores and
not with others. By comparing the results of
Example 9 with those obtained in Example 7 on
essentially completely deslimed ore, it will be ap-
parent that considerable saving in reagents was
obtained by the use of the scrubbing procedure.

Ezxzample 10

The procedure of Example 1 was followed but
the various sulfonated talloels were used in three
portions, - immediately after preparation, one
hour after preparation, and 24 hours after prepa-
ration. The sulfonated talloel for the first series
of three tests was 30% sulfonated distilled talloel,
while that used for the second and third series
was 50% sulfonated refined talloel. In the third
series the sulfonated talloel was diluted as soon
as made and was allowed to stand in the form
of a 7.5% aqueous solution. The reagent
amounts in tne case of the first two series were
1.62 lbs, per ton and in the last series 3.24 Ibs,
per ton. Results appear in the following table:

Concentrate
Lbs./ton peroent Fo Rgh., tailing
‘When used R -
Assay
H304 | ¥ [ Aseay | Distrib. |percent | pH
Fe
Immediately after .
preparation._____. 1.62 | 407 | 57.20 01.77 1,07 | 2.65
1 hour after pre-
paration._._...__. 1.62 | 407} 59.59 90. 57 L31] 2.7
24 hours after pre-
tion.. .o 1.62 1 407} 60.43 46.77 660 2.6
Immediately safter .
reparation.....- 1.62 | 5,07 | 57.54 93.83 0.83] 2.6
1 hour after prep-
aration. _.o..oo._. 1.62 1507 | 58.40 92.93 0.95 | 2.65
24 hours after prep-
aration_ ... _.... 1.62 ] 5.07 | 42.99 38.16 9.25| 2.7
Immediately after
pre] tion...._.. 1.62 | 5.07 | 53.02 91.48 0.95] 2.5
24 hours after prep-
aration. . _.oeo.... 1.62 | 507 ] 5266 | 89.07 1.071| 26

It will be apparent that the sulfonated talloel
keeps for a sufficient time to permit satisfactory
feeding in commercial operations, but does not
keep for g day. However, if it is desired to keep
the talloel for longer periods this may be effected
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by dissolving the sulfonated talloel in water as
soon as it is prepared.

The above results were obtained with sul-
fonated talloels which had not been neutralized,
and these remarks are not completely applicable
to neutralized or partially neutralized talloels.

Ezxample 11

Various iron ores were floated using the pro-
cedure of Example 1. The sulfonated talloel in
the case of the first 4 tests was 30% sulfonated
distilled talloel and in the case of the last 4 tests
509% sulfonated refined talloel. In every case the
amounts chosen were those to give optimum con-
ditions. The amount of cleaning differed, C-1
referring to a single cleaning, and C-2 to double
cleaning.

2,385,054

no discernible difference between natural and
synthetic talloels of the same composition.

The expression “oxidized iron ores” is used
herein in its commonly accepted meaning to in-
clude not only iron oxide ores such as those con-
taining magnetite, hematlte, etc., but also hy-
droxides, carbonate, etc,

We claim:

1.' A method of beneficiating oxidized iron ores
by froth flotation which comprises subjecting the
ore to froth flotation in the presence of an ef-
fective amount of a collector containing as its
essential collecting constituent sulfonated talloel
including an effective amount of an acid sub-
stance the anion of which is a constituent of an
acid having a dissociation constant of at least
10-7 and which does not adversely effect flota-

Lbs Conecentrate
Pr bs.fion Feed per cent Feo
omoter anay
used, Bource of ore per cent
1bs.fton Fuel Fo |
Hs804| “on Assay | Distrib.
3.48° 2.64 4.96 | Minnesota—sa Mo ‘washer talling, co lte
Nl\ml pri y * hemat
and QUATtS. . ccoceocccccoacoisn 43.28 88.67 89,85 -2
e B el B vy "mcipan Hetnatite
T ema
3.17 422 | 546 N %T Sac masn’: "" tioiron con-. 276 | 1545 | 06: | O3
N ew Jerpey—=a etic iron con- .
50 250 | 3.5 | NowJer d miaguetiis-mertite a2 | 4| 8L O
2 ew Jersey—e | : .
- table eonyoe trate. _.c.oacociaea. 67.47 70.32 76.41 C-1
2.64 2.64 4,96 | Minnesota—a taconite ore, con- )
taining hematite and quarts....| 87.88 56,89 9i.58 C-2
2,64 211 4.9 Minnesota—a washer reject from
& hematite ore. . .coeooovcnarnnan 30.28 50,83 89,77 C-1
21 211 4,46 ta—a wasber tailing, con.
L5 L8 22 NWJ?' hematite ..o concu 18,38 1 54,69 92,97 C-1
ew Jorsey--an ore containing
te A QUALLE. o oeeelcinaan 2.7 67.09 91,61 C-2

"1 Refractory due to locking of Fe and Si0; in fine sixes.

It will be apparent that acceptable results are
obtained with various iron ores, the less refrac-
tory ores glving commercial grade products and
even the highly refractory ores giving products
which can be utilized.

While the best results are obtained when sul-
fonated talloels are used in conjunction with
other acid substances such as sulfuric acid, fair
results are obtainable with some sulfonated
talloels particularly when associated with unsul-
fonated oils without additional acid. It is diffi-
cult to determine whether the action may be
due in part to some of the sulfonated talloel
acting as an acid agent and some as & promoter.
However, the invention is not limited in its
broadest aspects to the use of an added acid

substance although this constitutes the preferred

procedure and in most cases gives the best com-
mercial results.

Throughout the specification and claims natu-
ral talloel has been described, that 18 to say the
mixture of resin and unsaturated fatty acids
which is obtained by acidification of black liquor
soap from the sulfate paper pulp process. In
certain, localities where talloel is not readily
availabie synthetic mixtures have been made up
of resin acids and unsaturated fatty acids which
behave in the same manner as natural talloel
and which are referred to in the art as synthetic
talloel. The term as used in the present specifi-
cation and claims is intended to cover the mix-
ture of resin and unsaturated fatty acids re-
gardless of the method by which this mixture is
produced and, therefore, is intended to cover
synthetic talloels as well as natural talloels.
From the standpoint of froth flotation there is

50

tion whereby a concentrate is obtained relatively
rich in iron mineral and a tailing relatively poor
in iron.

2. A method of beneficiating oxidized iron ores
by froth flotation which comprises conditioning
the ore at high solids with a reagent containing
sulfonated talloel as its essential collecting con-
stituent including an effective amount of an acid
suhstance the anion of which is a constituent of
an acid having a dissociation constant of at least
107 and which does not adversely effect flota-
tion, diluting the conditioned ore to flotation
density and subjecting it to froth flotation to
produce a concentrate relatively rich in iron min-
eral and a tailing relatively poor in iron,

3. A method of beneficiating oxidized iron ores

. by froth flotation which comprises conditioning

60
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the ore at high solids with a reagent. containing
sulfonated talloel as its essential collecting con-
stituent and an effective amount of sulfuric acid,
diluting the conditioned ore to flotation density
and subjecting it to froth flotation to produce
a concentrate relatively rich in iron mineral and
& tailing relatively poor in iron.,

4. A method according to claim 1 in which
the reagent is associated with an unsulfonated
oil,

5. A method according to claim 2 in which the
reagent is associated with an unsulfonated oil.

6. A method according to claim 3 in which the
reagent is associated with an unsulfonated oil.

7. A method according to claim 1 in which the
reagent is associated with unsulfonated talloel,

8, A method according to claim 2 in which the
reagent is associated with unsulfonated talloel,
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9. A method according to claim 3 in which the
reagent is associated with unsulfonated talloel,

10. A method according to claim 1 in which
the reagent is associated with an unsulfonated
glyceride oil.

11. A method according to claim 2 in which
the reagent is associated with an unsulfonsted
glyceride oil.

12, A method according to claim 3 in which

the reagent is associated with an unsulfonated 30

glyceride oil,

13, A method according to claim 1 in which
the reagent is associated with an unsulfonated .
hydrocarbon oil,

14. A method according to claim 2 in which
the reagent is associated with an unsulfonated
hydrocarbon oil.

15. A method according to claim 3 in which
the reagent is associated with an unsulfonated
hydrocarbon oil.

ROBERT B. BOOTH.
EARL C. HERKENHOFF.



