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This invention relates to a process of bene 
ficiating iron ores. More particularly, the in 
vention relates to those processes of iron ore ben 
eficiation by froth flotation in which sulfonated 
Saponifiable oils are used as promoting reagents. 
The beneficiation of iron ore by froth flotation 

has presented a number of peculiarly difficult 
practical problems. Naturally-occurring high 
grade ores have kept the unit value at a low 
figure. Economic considerations have, therefore, 
required a beneficiated concentrate to contain a 
high content of iron and that the recovery be 
fairly high. While it is a comparatively simple 
matter to concentrate certain iron ores by froth 
flotation with a number of different promoters of 
the anionic-type, such as oleic acid and the like, 
the results obtained have not been within an 
economically competitive range. 

Rapidly diminishing sources of available high 
grade Ore, particularly in the United States, have 
recently created increasing interest in beneficiat 
ing low grade iron ores by froth flotation. It is 
therefore a principal object of the present inven 
tion to develop such a process which will permit 
the production of concentrates in a sufficiently 
high grade and recovery to be advantageously 
Compared with naturally-occurring ores. At the 
same time it is also desirable that the process be 
one which is simple in operation, low in cost and 
makes use of readily available reagents. 
In general, according to the present invention, 

these objects are accomplished by conditioning 
low grade iron ores with a sulfonated saponifiable 
oil and an acid having a dissociation constant 
greater than 10. For best results an accessory 
oiling agent, preferably an unsulfonated oil, is 
usually helpful. The conditioned ore is then sub 
jected to froth flotation in a conventional pro 
cedure. 
Throughout the specification and claims the 

term 'sulfonated oils' is used in the Ordinary 
commercial sense to designate the products ob 
tained by treating a saponifiable oil with a sul 
fonating agent, usually strong Sulfuric acid. Con 
sequently, it is quite possible that the products 
may be either sulfonated or sulfated or both. 
There is no intention that the term "sulfonated 
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Oils' shall be restricted to include only those 
compounds in which the sulfur is present in the 
form of sulfonic acid groups. 
Commercially acceptable results are not ordi 

narily obtainable without an acid treatment of 
the ore except possibly in those cases in which 
the sulfonated oil reagent is very highly sulfo 
nated. Such cases are actually not an exception 
since such promoters are usually either sufficiently 
acid in themselves to produce the necessary num 
ber of available H-- ions or contain sufficient re 
sidual acid from the Sulfonating operation to fur 
nish the necessary acidity. Apparently the acid 
treatment produces some change in the nature 
of the mineral Surfaces. The exact nature of this 
surface change is not wholly understood and it is 
not meant that the present invention be lim 
ited to any particular theory of operation. It 
does appear to be necessary that the oil be sul 
fonated and that sufficient acid be used during 
the ore treatment to produce a pH of less than 
Seven. 

It is an advantage of the present invention 
that the particular acid from which the H 
ions are derived does not appear to be critical 
except that results of practical utility in general 
are not obtained when using weaker acids than 
those having a dissociation constant of 10. It 
is, of course, necessary that the acid anion should 
not have a depressive action on the iron min 
erals as is the case with tannic acid and the like, 
Sulfuric acid gives as good results as any and be 
cause of its availability and relatively low cost 
is probably preferable in practical operation. It 
is, however, not superior to other strong acids in 
the quality of the results obtained and the choice 
is based on the dictates of economics and not 
because of the similarity of the sulfate anion to 
the sulfonate or sulfate groups on the promoter. 

It is also an advantage of the present invention 
that it is not limited to any particular Ore. The 
froth flotation process of the present invention 
produces excellent results with the more common 
iron minerals Such as hematite and magnetite. 
However, other iron minerals such martite, 
limonite, siderite, goethite and the like which 
are commonly present in iron ores also may be 
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Successfully floated by the procedure of the pres 
ent invention. Taconite ores are amenable to 
treatment by the present process. The present 
process is not only capable of beneficiating nat 
urally-occurring, low-grade ores which are too 
low in iron for blast furnace feed and which 
cannot be beneficiated readily by washing and 
similar operations, but will also produce com 
mercially acceptable concentrates from tailings 
rejected in ordinary beneficiating processes in 
COO. Se. 
While commercially acceptable results may be 

obtained in many cases in the operation of the 
process of the present invention without the use 
of an accessory oiling agent, in most cases a def 
inite improvement in both recovery and grade is 
obtained when one is used. Freferably, therefore, 
an oiling agent such as an unsulfonated oil is 
used. These oils may be either unsaponifiable 
mineral oils or hydrocarbons or saponifiable or- ; 
ganic oils. In some cases the sulfonated reagent 
itself may have sufficiently oily characteristics or 
may contain a sufficient amount of oil as a dil 
uent therewith So that the use of additional oiling 

Promoter used 

Oil used 

Cottonseed----------------------------- 

Do.--------------------------------- { 
Do---------------------------------- : 

Castor oil-Commercial sulfonated cas 
tor oil, Aquasol AR-90 (American -------------------. Cyanamid Co.) 

agents may be unnecessary. Such cases, how 
ever, are ordinarily the exception rather than the 
rule, and require higher amounts of promoter. 
Since in most cases the promoter is more expen 
sive than an oil, such use Ordinarily is not to be 
preferred. 
The process of the present invention behaves 

normally with respect to slimes in the ore. Like 
many common anionic flotations a Small amount 
of slime can be tolerated but increasing amounts 
generally produce corresponding decreases in the 
grade of the concentrate and increases in the 
amount of reagents required. It is therefore de 
sirable to deslime the feed fairly thoroughly al 
though the extreme degree of desliming essen 
tial with many cationic flotations is unnecessary. 
The invention will be described in greater de 

tail in connection with the following examples 
which are meant to be illustratWe only and not 
by way of limitation. All parts are by weight 
unless otherwise noted. In these examples a sim 
ilar mechanical procedure was followed through 
out. The ore was ground to about minus 28 
mesh, if necessary, and then deslimed by hydrau 
lic classification. The deslined Ore was then 
conditioned with the flotation reagents including 
the Sulfonated oil, the acid and the oiling agent 
when one is used. Unless otherwise noted, the 
conditioning step is carried out at high solids, 
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about 60-70%. The conditioned pulp was then 
diluted to about 20-22% solids and subjected to 
froth flotation in a Fagergren type flotation ma 
chine. Unless otherwise noted, the rougher con 
Centrate was subjected to one cleaner flotation 
Without additional reagents. In the tabulated 
results which are given, the degree of sulfona 
tion is indicated by listing the parts of sulfo 
nating agent per 100 parts of oil. Unless other 
Wise noted, any excess acid was not neutralized. 
In some instances commercially available prepa 
rations were used and their source is indicated. 

EXAMPLE 1. 
A number of Samples of a Minnesota, iron ore 

washer plant reject, assaying about 14.5% iron 
and containing principally hematite and quartz 
With small amounts of limonite, were tested us 
ing different sulfonated oils. The effect of these 
oils was tested using a sulfonated oil alone, with 
sulfuric acid, with an accessory oiling agent, an 
unsulfonated oil, and finally with both the acid 
and the accessory oil. Illustrative results are 
shown in Table 1. 
Table 1 

Reagents used Rougher 
(lbs./ton) Concentrate tailing 

Sulfonation 

100 
100 
10) 
00 
100 
100 
100 
100 
100 
100 
100 
100 

Assay, Distrib. Assay Lbs. Fuel HSO ' per cent of Fe per cent pH Parts sul P tOn oil Fe per cent Fe 
furic acid 

10 5.26 None None 40, 49 79.91 3.57 6.0 
10 5.26 None 2.32 36.35 83.9 3.80 ------ 
10 5,26 2, 10 None 58.55 49.95 7.7 2.75 
10 5.26 2.10 2.32 57.16 55.15 6.90 2.8 
30 4.20 None None 47.94 92.00 1.27 4.1 
30 4.20 None 3, 48 51.65 95.48 0.69 ------ 
30 4.20 2.10 None 54,43 91,07 1.27 ------ 
30 4.20 2.0 3.48 58.02 70,49 4.75 2.6 
50 3.16 None None 39, 11 86.36 2. 07 4.1 
50 3.6 None 4, 64 46.70 90,51 l. 15.----- 
50 3.. 6 2.10 None 55.55 87.52 1.33 ------ 
50 3.16 2.0 4, 64 58.20 72, 3 3.80 2.7 

2.14 None None 12.37 83.67 33.31 7.0 
2.14 None 4.48 14.82 95.50 14.03 ----- 
2, 14 2.14 None 45.15 59,89 5.82 ------ 
2, 14 2.14 4.48 52.57 94.73 0, 8 2.9 

From these results it will be seen that the sul 
fonated oils when used alone produced a quite 
satisfactory recovery but that the beneficiation, 

50 particularly in the case of the Sulfonated castor 
oil, was not wholly satisfactory. The addition of 
fuel oil to the circuit caused, in certain cases, 
an immediate improvement in the grade, but, in 
general, did appear to exert an appreciable effect 

55 on the recovery. The use of the Sulfonated oil 
with acid but no oiling agent, on the other hand, 
produces an improved grade in all cases. The 
optimum combination from the practical point 
of view, was that of Sulfonated oil, acid and oil 

60 ing agent, and this gave a very high grade even 
though the recovery was ordinarily somewhat less 
than when the sulfonated oil was used alone. 
This was because some of the iron in this ore 
was present as relatively low grade middlings. 

65 The variations in the degree of sulfonation show 

O 

that it is not particularly critical over a Very 
wide range, but that in general less promoter is 
required when employing a highly Sulfonated 
reagent. 

EXAMPLE 2 
In order to show the wide variety of oils which 

may be sulfonated to produce Suitable reagents 
for use according to the present invention, a 
number of samples were treated using different 

75 sulfonated products. Some of the products were 



WW Vu 

2,414,714 

sulfonated for use in these tests, others were 
commercially available preparations. In the 
first 26 tests, a Minnesota ore washer reject as 
saying about 25% iron, containing chiefly hema 
tite and some limonite in a silica gangue, was 
used. In the 40th to 44th tests a composite of 
washer plant rejects from the treatment of Min 
nesota ores was used. This composite assayed 
about 22% iron. In the remaining tests a washer 
reject similar to that used in Example 1 was 
treated. The results are shown in Table 2. In all 
tests the pH of the rougher tailings ranged from 
2.5 to 3.0. 
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stituent of the sulfonated product contains at 
least one aliphatic group having twelve or more 
carbon atoms. It is also quite apparent that these 
need not be pure in the sense that they are free 
from other constituents, nor need they be used 
alone since it is quite apparent that the mixed 
oils, both natural and artificial, produce equally 
acceptable results. It will be noted that the sul 
fonated products in neutralized or unneutralized 
form as well as the salts of the sulfonated prod 
ucts, which are precipitated from aqueous solu 
tion or dispersion by the addition of an appro 
priate metallic salt, are also useful promoters. 

Table 2 

Sulfonation Conditioning and flota 
tion, pounds perton Iron concentrate 

Oil used Sulfo- Fuel | Assay, Distribu ---------rm------- HSO nated ESO percent tion per 
Type product Fe cent Fe 

Linseed------------------------------------- 5.7 2,3 2.3 58. 16 83.76 
Cottonseed 5.8 2.3 2.3 58.69 88.51 
Refined soy-- ... 2 2.3 2.3 60,70 80.62 
Recovered so 5.7 2.3 2, 3 59.50 57,05 

5.8 2.3 2.3 56.68 85.23 
2.4 2, 4 4.8 55.88 78.87 

40 pts.. 2.3 2.3 9.4 53. 47 90.32 
- 40 ptS------ - ... 2 2.4 4,7 56.68 73.69 

- n - - - - - 100 pts ---- 50 pts.------ - 1.2 2.4 4.8 58.56 85.21 
- - - - - - - 100 pts.---- 50 pts ------ - 1.8 2.4 9.5 56.28 89.70 
- - - - - - - i00 pts.---- 50 pts. ------- 1.8 2.4 4.8 58.96 94.96 

- - - 100 pts---. 50 pts... ------ 1.8 2.4 4.8 59,09 92.86 
- - - - - 100 pts.---- 50 pts.-------- 1.8 2.4. None 31.29 35.98 

- - - - - 100 pts.---- 1.8 2.4 4.8 59.90 82.98 
Teaseed------------------------------------------ 100 pts.---- .7 2.3 4.6 59, 23 79, 52 
Herring------------------------------------------ 100 pts.---- i.8 2.3 4.7 58.96 9.3 
Cod.------ - 100 pts. --- 1.7 2.3 4.6 57.35 87.34 
Peanut---- - 100 pts.--- .8 2.3 4.7 59,90 80.04 
Rapeseed----------------------- - 100 pts.--- 1.7 2.3 4.6 59.90 83. 19 
Rice bran---------------------- i00 pts... -- 1.8 2.3 4.7 59, 76 7.18 
Neat's-foot.----------------- 100 pts. --- ... 8 2.4 4.7 59.50 69.76 
Mixed synthetic glycerides----- ---, 100 pts ---- 1.8 2.3 4.7 59.50 73.56 
Soy-sulfonated (neutralized) ----- - - - - - - - - - 2.4 2.4 4.8 59.78 75.19 
Peanut-sulfonated (neutralized).---------------- 2.2 2.2 4.4 54.99 84. 55 
Sulfonated mixture (neutralived) (fish oil, part; 2.5 2.5 4.9 59.90 67.) sperm oil, 1 part; coconut oil, 3 parts. 
Sulfonated castor oil (AquaSol-AR-90).---------- 2.4 2.4 4, 8 56.65 83.09 
Glyceryl Inonoiaurate.--------------- 5.2 2, 1 3.7 56.68 1.84 
Glycery monooleate--------------- 4.3 2.1 3.0 52.53 81.54 
Glyceryl ricinoleate-- - - - - 4.2 2.1 3.4 53.81 77,74 

Do------------------ - - - - - - - - - - - - - - - - - - - - .- 3.5 2.1 3.3 50.92 77.2 
Stearoglyceryl sulfate, concentrated (Onyx Oil 2.1. 2.1 6.8 56.5 87.83 
and Chem. Co.). 

Miss mono- and diglycerides of liquid C1s fatty 100 pts.---- 2.0 2.0 3.3 54.9 81.43 
3COS. 

Ethylene glycol monooleate.............--------- mol-- 4.3 2.1 4, 5 57.32 81, 69 
Coconut oil---------------- - 100 pts 2. 2.1 0.5 57.35 78.64 
Methyl ester of talloel.----- 100 p. 1.6 2. 3.2 55.78 87.01 
Diethlene glycol monolaura inol 4, 2 2.1 4.6 55.48 62. R 
Diethylene glycol monooleate. . . . mol 4.2 2, 1 4. 55.8 0.8 
I)iethylene glycol monoricinoleate 1 no 3.2 2.1 2.8 53. 47 82,52 
Propylene glycol monooleate -- l mol.----- 4.2 | 2.1 3.6 50.92 75.68 
Propylene glycol monoricinolea 1 Inol------ 4.2 2.1 3.9 54.27 85.66 
Mannide mono-oleate.-- 100 pts.---- 2.8 1.8 2.0 f0.91 85.0 
Mannitan mono-aurat 100 pts. --- 4.9 .9 3.9 62.30 73.50 
Sorbitan mono-laurate 100 pts.---- 5.9 2.0 3.9 61.33 71.24 
Sorbitan tri-oleate.------------------------------- 100 pts---- 6.0 2.0 2.2 52.66 89.38 
Ethyl oleate... --- - - - - - - - - - - - - - - - - 100 pts.---- 6.2 2. 1,8 55.09 70,09 
Sty gil (neutralized with NHOH after sulfona- 100 pts. --- 2.13 2, 66 3.98 56.39 82.24 

O). 

Soya oil (neutralized with mono-ethanolamine 100 pts. --- 50 pts. -----------. 2.44 2.10 3.92 56.18 85.0. after sulfonation). 
Castor oil, sulfonated (calcium salt-pptd. with -----------------------------... 2.10 2.63 4.16 54.59 88.51 calcium chloride). 
Soya oil (aluminum salt-pptd. with aluminum 100 pts. --- 50 pts. --------... 2.09 2, 61 4, 14 56.7 75.5 

sulfate). 

It is apparent that the oils which can be Sul- EXAMPLE 3 
fonated to produce effective promoting reagents 
in the acid circuit of the present invention in 
clude a wide variety of materials. They appear 
to have one common characteristic, all are Sa 
ponifiable oils. It will be seen that the materials 
include such a wide variety of esters as ethyl 
oleate, the methyl ester of talloel, fatty acid 
esters such as the oleate, laurate, and ricinoleate 
of polyhydroxy alcohols such as the glycols, glyc 
erin, mannitol, Sorbitol and the like. In each case, 
however, it will be noted that the non-polar con 

65 
In order to illustrate the wide limits of the 

acids which can be used to provide the necessary 
H-H ions during the beneficiation operation, Var 
ious sulfonated oils and a variety of added acid 
reagents were employed on a number of samples 
of iron ore. All the ore samples used were low 
grade, those used in the first 19 tests aSSaying 
about 25% Fe, and those in the remaining tests 
assaying about 14.5% Fe. The results are shown 
in Table 3. 
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Table 3 

Sulfonation Conditioning and flotation Iron concentrate 

Oil Acid Rougher 
ill used Parts Lion Cl Addition agents Assay, Distrib. tips 

percent percent EISO nated Fe Fe Type Parts product Type Lbs.lton Type Lbs.?ton 

Cottonseed----------- 00 60 2.1 Sulfuric--------- 5.2 Cottonseed oil------- 4. 55.00 82.91 2.3 
60 2, 1 ----- do -- 5.2 Talloel-------------- 4.2 54.86 8.88 2.3 
60 2. i - - - - - do.-- 3.1 Bunker C fuel oil--- 4.2 52.71. 85.01 2.5 
60 2.1 ----- do. 3. 1 Oleic acid----------- 4.2 54.46 84, 31 -------- 
60 2.1 ----- do. 3.2 Naphthenic acid.--- 4.3 50.95 84.17 -------- 
60 2. l ----- do -- 3.2 Crude oil.----------- 4.2 51.63 87.35 -------- 
60 2, 1 ----- do.. 3.2 Lauryl mercaptan.-- 4.2 55.54 78.99 -------- 
80 2.1 Nitric. 3.2 Talloel methyl ester- 4.2 51.22 85. 66 2.7 
60 2. Sulfuric 3.2 Fuel oil No. 2.------- 4.2 54.05 8.62 2.8 
60 2.1 Sulfanic. 5.2 ----- do----------- 4.2 55.54 79.18 2, 6 
67 1.6 Hydrochlo 4.1 Keryl chloride - - 4.1 56.89 81,73 2.2 
67 1.5 Acetic.-- 5.1 Fuel oil No. 2.-- 4. 53.25 83.39 3.9 
6 1.8 Sulfuric 2.3 Bunker C fuel oi 4.7 51.46 80. 92 -------- 
50 1.8 2.3 Fish oil--- 4.7 56.82 90,00 2.7 
50 1.8 2.3 Coconut oil- 4.7 59, 36 80.87 2.7 
60 2.1 3.2 Fuel oil No 4.2 56,08 82.30 2.8 
60 2.1 w l. 6 -- 4.2 57.96 85.4 3, 2 
60 2, Formic. - - - 3.2 4.2 56.62 77.72 -------- 
60 2.1 p-Elene sul- 8.4 4.2 52.10 83.68 2.6 

OC. 
- - - - - 2.1 Sulfuric--------- 2.1 4.5 52.57 94.73 2.9 ized). 

2. l l None.---------------------- 4.5 14.82 95.50 6, 9 
2. l Sulfurous.------ 6.3 4.5 52. 69 90.0 2.9 
2. hydrofluoric---- 2.1 4.5 55.01 92.08 3.3 
2.1 B9ric------- 5.3 4.5 14.13 94.01 6.9 
2.1 9itric. --------- 3.2 4.5 55.70 70,21 3.9 
2.1 Carbonic Satur- ---------- 4.5 21,08 85.30 6.2 

ated. 

Form this, and the preceding examples, the in- ExAMPLE 5 
portance in obtaining commercially acceptable 
results by having a sufficient amount of available 
H-- ions during the operation is clearly apparent. 
The tests show that the acids used may be varied 
over a wide range, but that they must have a 
dissociation constant of at least 10". Carbonic 
acid appears to be just on the border line, being 
useful in some cases and not in others. However, 
it is of no practical commercial importance be 
cause of its relatively high coSt. Boric acid is 
definitely outside the acceptable range. 

EXAMPLE 4 

A series of tests similar to that of Example 3 
was made on a number of samples of the Same 
ore (assaying 14.5% Fe) used in the latter part 
of that example. In each case, 2.1 lbs./ton of an 
oil sulfonated by treatment with 60% by weight 
of 95.5% sulfuric acid and 4.2 lbs./ton of fuel 
oil were used. Instead of adding acid per se, a 
number of acid salts were used. It was found that 
substantially any strongly acid salts can be used 
provided the anion is a constituent of an acid 
having a dissociation constant greater than 10 
and the Salts have no deleterious effect on the 
flotation of the iron minerals. Illustrative results 
are shown in Table 4. 

Table 4 

Iron concentrate, 
per cent Fe Acidic material 

Sulfonated 
oil used 

Distri-ling pH Type Lbs.fton Assay bution 

Cottonseed Sodium chlorosul- 4.2 54.32 67.85 2, 6 
frnate. 

Rice bran. Sodium fluorosili- 4.2 55,54 81. 18 3.. 6 
Cate. 

Do------ Potassium bisul- 4.2 5.90 S0.45 2.8 
fate. 

30 

40 

45 

50 

55 

60 

70 

Two samples of the same ore used in the latter 
part of Example 3 and in Example 4 were treated 
using as reagents 1.64 lbs./ton of neutralized Sul 
fonated castor oil, 2 lbs./ton of sulfuric acid and 
3.52 lbs./ton of fuel oil. The first Sample was 
conditioned at 70% solids and then diluted to 
flotation density, the Second was conditioned at 
flotation density. The rougher concentrate was 
cleaned Once in the first test and twice in the 
Second test. The results are shown in Table 5. 

Table 5 

Concentrate, Rougher Pulp density, per 
per cent Fe tailing cent slids 

Assay, Condi- Flota Assay Thistrib. persent pH tioning tion 

52.36 90.50 1.38 2.9 70 22 
39.86 83.02 4, 13 2.8 22 22 

The superior results obtained by conditioning 
at high Solids as clearly shown. 

EXAMPLE 6 

A number of samples of the same iron ore used 
in Example 5 was treated using different degrees 
of desliming. The promoter used was a neutral 
ized sulfonated castor oil, "AquaSol AR-90,' 
(American Cyanamid Company). Illustrative 
results are shown in the following table. 

  

  

  



2,414,714 
9 10 

Table 6 ore was then diluted to 22% solids and subjected 
to froth flotation, the rougher concentrate being 

Lbs.fton used cleaned twice without additional reagents and the 
P Assay, Per- - cleaner tailings being combined. The results are 

- 

Product SE E. cit SE F. 5 shown in Table 7. 
weight F distib. nated HsO, Fuel cStor t Sp Ol Table 7 

Essentiall 
SE y O Assay Per cent 

Product ES distrib, 
s 19 g Percent Percent of Fe 

53.36 81.49 1.64 2.00 3.52 Fe insol. 
4. f6 2.49 -- - - 

Rgh. tail..... 63,70 38 6,07 Calc. head.- 100.00 100.00 

Partially 15 Elite 3. 3. 
destimed SSAA El 21.90 82, 13 

ea. Ca 3.01 1, 16 Calc. head.------ 100, 00 14.41 100.00 Slime-------- 3, 76 29. S9 780 Rgh. tail---------------- 58.03 3.86 
Clean. conc----. 22.42 53.00. 82.46 - 1.92 2.50 4.40 

SEE: ; ; ; ; 20 An all--------- 
3. Comparison of the results in Examples 6 and 7 
Not delined show that at least a partial desliming is highly de 

?ac. head 14 f5 100,00 sirable but that the grade and recovery per se 
SSA E. 23| 3 || 3: 2.74 2,50 11.0) are not appreciably increased by further treat 
Rgh. tail- 63,81 3.09 13.46 25 ment. A Comparison of the reagent consumption 
-------------- - - - -- " in Example 7 with the last test in Example 6 shows 

a tremendous decrease in reagent consumption. 
These Savings combined with the advantages from 

Wenoted that fairly Eodeer, the increased grade and/or cove oftw. centrate was obtained even in the sample which rant the use of the additional desliming opera 
Was not deslined at al, and that there, Was Very 30 tions in combination with scrubbingolis little difference in grade and recovery between the If desired, the ore may be scrubbed and then de 
essentially deslined and partially deslimed Sam- y Slimed or, as above, may be deslimed followed by ples. A comparison of the reagent consumption Scrubbing and further desliming 
shows the advantage of deslining, the consump- 0. 
tion being decreased as the degree of the deslim- 35 
ing is increased. EXAMPLE 8 

EXAMPLE 7 In order to show the utility of mixed sulfonated 
oils or mixtures of sulfonated oils with other sul 

40 fonated materials, a number of Samples were 
An additional Sample of the same ore used in 

Example 6 was subjected to both desliming and 
scrubbing. The ore was first deslimed by hy 
draulic classification at about 25% solids and the 
sands scrubbed for Several minutes in a Fagergren 

treated with such mixtures. Illustrative results 
are shown in Table 8. In the first two tests the 
same ore used in the first tests of Example 2 was 
employed. In the remaining tests a beneficia 
tion plant reject assaying about 15% Fe was used. 

Table 8 

Conditioning and flotation 

Sulfonated product 

Mixture of oleic acid 1 part, peanut oil 1 part; con 

Iron concentrate 

nercial preparation (sulfonated)--------------- A leather conditioning oil: Hydrogenated fish oil 4 
parts, oleic acid 2parts, peanut oil 2 parts, tallow 
2 parts; commercial preparation (sulfonated).---- 

Sulfonated castor oil 1part (AquaSol AR-90).------ 
Petronate 1 part (oil-soluble petroleum sulfonate 

inneborn Sons)--------------------------------- 
Sullionated castor oil part (AquaSol AR-90).------- 
SP-7021 part (water-soluble petroleum sulfonate 
'anco Pistributors, Inc.).-------- Sulfonated castor oil part ( 

Sulfonated tallgel part.-- 
1 part oleic acid, 25 parts HaSO4 
1 part Soya oil, 60 parts HiSO4---------------------- 

70 
flotation machine with the air intake closed. The 
scrubbed sands were deslined and conditioned at 
about 70% solids with 0.93 lbs./ton of the Sul 
fonated castor oil, 2.0 lbs./ton of Sulfuric acid and 

ASSay 

EISO Fuel ESE 2SV per cen o Percent Percent Fe 
Fe insol. 

Lb.fton Lb.fton Lb.fton 
2.4 2.4 4.8 57, 62 10.88 77. 44 

2.5 2, 5 50 59.8 10,00 80, 80 

1.75 2, 3 4.1 60,53 6.86 96.7 

I. 40 2.3 3. 60. 31. 7.48 96.94 

} 2.33 2.3 4.1. 60.63 6,72 96.46 
} 2.33 2.3 4.1 58.83 9.48 96.42 

EXAMPLE 9 

A number of different iron ore samples were 
treated using different Sulfonated oils in Order to 
illustrate the versatility of the present process. 

2.20 lbs./ton of 22% Bé. fuel oil. The conditioned 75 Illustrative results are shown in Table 9. 

  



2,414,714. 

Table 9 

Rougher Sulfonation Concentrate tailing 
Lbs.?ton used 

Oil used Assay 
ESO Percent Assy, 
5." P Fuel P distrib, E. pH Type Parts E. HaSO ent Print Fe Fe 

Castor, commercial prepara 
tion Aquasol AR-90 (Amer 
ican Cyanamid Co.)------------------------ 2.00 2, 61 4.13 81,16 7.46 9.22 3.92 2.7 

Corn-------------- - 100 50 1.98 1.96 4.3 55, 12 0.62 89.8 1.5l 2.75 
Peanut. 100 50 2, 34 2.93 3.87 58.71 12, 88 93.87 1.04 2.65 
Rice bran- 100 60 1.89 4.72 3.78 63.38 8.46 92.69 1,35 2.7 

D0---- i00 60 1.93 4.82 3.86 65.38 7,10 90.64 l. 62 2.7 

DESCRIPTION OF OREs USEDA Bowe 
lst test-Washer tailing containing chiefly hematite, limonite and quartz; assaying about 30% Fe. 2nd test-Ore containing hematite, siderite, and goethite; assaying about 16% Fe. 
3rd test-A taconite; assaying 22% Fe. 
4th test-Ore containing martite; assaying about 22% Fe. 
5th test-Ore containing magnetite; assaying about 21% Fe. 
All concentrates were cleaned once, except in the last two tests where two cleanings were employed. 

In the claims, the term “oxidized iron Ores' is 
used in its commonly accepted meaning to in 
clude not only iron oxide ores such as those con 
taining magnetite, hematite, etc., but also hydrox 
ides, carbonates, 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 effec 
tive amount of a collector containing as its essen 
tial collecting constituent a sulfonated Saponifi 
able organic oil, characterized by the presence of 
an aliphatic group having at least twelve carbon 
atoms, and an effective amount of an acid sub 
stance, the anion of which is a constituent of an 
acid having a dissociation constant greater than 
10, whereby a concentrate relatively rich in iron 
mineral and a tailing relatively poor in iron is 
obtained. 

2. A method according to claim 1 in which the 
sulfonated oil collecting agent is associated with 
at least one oiling agent selected from the group 
consisting of unsulfonated saponifiable oils, un 
sulfonated hydrocarbon oils and unsulfonated 
fatty acids. 

3. A method of beneficiating oxidized iron ores 
by froth flotation which comprises subjecting the 
ore to froth flotation in the presence of an effec 
tive amount of a collector containing as its es 
sential collecting constituent a sulfonated saponi 
fiable organic oil of the fatty acid-glyceride type, 
characterized by the presence of an aliphatic 
group having at least twelve carbon atoms, and 
an effective amount of an acid substance, the 
anion of which is a constituent of an acid hav 
ing a dissociation constant greater than 10", 
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whereby a concentrate relatively rich in iron min 
eral and a tailing relatively poor in iron is ob 
tained. 

4. A method according to claim 3 in which the 
Sulfonated saponifiable oil is fish oil. 

5. A method according to claim 3 in which the 
sulfonated saponifiable oil is soybean oil. 

6. A method according to claim 3 in which the 
Sulfonated saponifiable oil is corn oil. 

7. A method of beneficiating oxidized iron ores 
by froth flotation which comprises conditioning 
the ore at high solids with a reagent containing 
as its essential collecting constituent a sulfonated 
Saponifiable Organic oil, characterized by the pres 
ence of an aliphatic group having at least twelve 
carbon atoms and an effective amount of an acid 
Substance, the anion of which is a constituent 
of an acid having a dissociation constant great 
er than 10", diluting the conditioned ore to fiota 
tion density and subjecting it to froth flotation 
to produce a concentrate relatively rich in iron 
mineral and a tailing relatively poor in iron. 

8. A method of beneficiating oxidized iron ores 
by froth flotation which comprises conditioning 
the ore at high Solids with a reagent containing 
as its essential collecting constituent a sulfonated 
saponifiable organic oil, characterized by the 
presence of an aliphatic group having at least 
twelve carbon atoms and an effective amount of 
sulfuric acid, diluting the conditioned ore to flo 
tation density and subjecting it to froth flotation 
to produce a concentrate relatively rich in iron 
mineral and a tailing relatively poor in iron. 

ROBERT B. BOOTH, 
EARL C. HEREENHOFF. 

  


