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his 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 re 
lates 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 lignin sul 
phonates. 
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 pro 
vide a flotation process for separating silica from . 
iron. Oxides employing anion-active collecting 
agents A still further object is to provide a flota 
tion process for concentrating iron ores or prod 
ucts from the milling of iron ores containing both 
calcareous and siliceous gangue materials. Still 
Other objects include the development of a flo 
tation process which will have greater selectivity 
in separating siliceous materials from oxide iron 
ore pulps and thereby effect greater operating 
economies. Other objects, purposes, and advan 
tages of the invention will hereinafter more fully 
appear 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. Clemmons, 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 flotation 
of the iron oxides with metaphosphates or poly 
phosphates. 
As a result of further extended research and 

experimentation, 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 
activated siliceous materials from caustic alkaline 
iron ore pulps with a pH of at least as high as 
10, while retarding flotation of the iron oxides 
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with the ignin. Sulphonates. The metaphose 
phates and polyphosphates may be used as supe 
plementary reagents in conjunction with Various 
crude or purified ignin sulphonates, if desired, 

S but are not obligatory in the practice of this in 
Vention. 
The ignin sulphonates which we prefer to uti 

lize as iror oxide depressants in this invertiora 
are present in and Yaay be derived from the 
by-product of the sulfite process of paper Snaking 
commonly known as 'sulfite liquor.' these 
liquors separated as Waste from the cellulose 
pulp contain solube salts of the ignin sulphonic 
acids and other non-igneous organic Substances, 

5 such as hydrolyzed carbohydrates, resulting from 
decomposition of the WOOd by the acid Solutions 
used in the pulping process. In the Sulfite proc 
ess, the lignin in the wood is dissolved by digest 
ing the Wood chips. With an acid calciuri, naga 

20 nesium, or sodium sulfite solution at an elevated 
temperature whereby the lignin forms soluble cal 
cium, magnesium, or sodiurn lignin sulphonates 
depending on the base employed. The sulfite 
liquors containing the lignin Sulphonates and non 

25 ligneous materials may be used as the iron oxide 
depressants in the practice of our invention or 
the crude sulfite liquors may be purified by known 
methods to reject the non-ligneous substances 
and recover a substantially purified lignin Sule 

30 phonate which may be employed to retard the 
iron oxides in our method of silica flotation. 

The crude or whole sulfite liquor recovered 
from the sulfite pulping process and containing 
the lignin sulphonates and non-ligneous organic 

35 substances, such as hemi-cellulose and various 
sugars, may be evaporated to yield a concentrated 
liquid or dehydrated residue for marketing. The 
liquid forms as marketed contain about 50 per 
cent water, whereas the powdered forms are sub 

40 stantially dehydrated. The liquid and powdered 
forms have been used interchangeably in our 
method of flotation, and, based on their respec 
tive content of lignin sulphonate, are equally ef 
fective for retardation of iron oxides. Compara 

4 tive tests using the calcium, magnesium, and so 
dium base sulfite liquors, or the respective dehy 
dration residues thereof, gave substantially equiv 
alent results. The non-ligneous materials pres 
ent in the liquid or dehydrated residues appear 

60 to be inactive diluents and exert little or no del 
eterious effect in the froth flotation of activated 
siliceous gangue from iron oxides. The evap 
orated crude sulfite liquors or dehydration resi 
dues were slightly less effective pound per pound 
than the corresponding purified lignin sulpho 
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nates relatively free of non-ligneous material, but 
were particularly attractive as iron oxide de 
pressants in our method of flotation due to their 
lower cost. 
The crude or evaporated sulfite liquors may be 

processed by numerous methods to reject the non 
ligneous material and recover substantially puri 
fied lignin sulphonates. Fractional precipitation 
methods using sodium chloride, calcium chloride, 
mineral acids, lime water, basic lead acetate, or 
organic bases may be employed to recover the 
lignin sulphonate and reject the non-ligneous 
materials. The precipitated lignin Sulphonate 
may be further purified by dissolution and re 
precipitation, by dialysis, or other methods. The 
purified sulphonates are ordinarily marketed as 
the powdered forms but solutions containing from 
15 to 50 percent of the lignin sulphonate are also 
availabie. Various of the commercially available 
purified lignin sulphonates containing the cal 
cium, magnesium, sodium, barium, aluminum, 
zinc, and copper salts have been tested and found 
satisfactory as iron Oxide retardants in the prac 
tice of our invention. The calcium, magnesium, 
and sodium sulphonates are less expensive than 
the heavy metal salts and were preferred. The 
liquid or powdered forms of either the crude or 
purified sulfite liquor materials may be used in 
our method of flotation, and the ultimate choice 
of the particular lignin Sulphonate employed will 
largely depend upon economic factors. 
A variety of liquid and powdered forms of both 

crude and purified sulfite liquor products are con 
mercially available and have been found satisfac 
tory for retarding iron oxides in our flotation 
method. Examples Of the Sulfite liquor materials 
which we have used. Successfully include those 
sold under the trade names "Bindarene Liquid,' 
“Bindarene Flour,” “Goulac,''T. D. A.,' 'Mara 
thon Extracts M, T, NS, Tanc, SL, DT-31, DT-32, 
DT-33, DT-34, and DT-35,' and the “Daxads 11, 
21 and 23.” Other sulfite liquor products which 
we have found acceptable include the crude and 
purified magnesium lignin sulphonates, the acid, 
neutral, and basic calcium lignin Sulphonates, 
and sodium, copper, zinc, aluminum, and barium 
lignin sulphonates. For convenience, we shall 
hereinafter use the term "lignin sulphonate' to 
include the crude and purified metal salts of 
lignin sulphonic acids, the crude and purifled 
paper mill sulfite liquors, and dehydrated residues 
thereof. w 

While we have achieved satisfactory flotation 
of activated silica from iron ore pulps containing 
substantial quantities of slime by the practice 
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of our invention, we prefer that the pulps be de 
slimed. Desliming of the iron ore pulp should 
be practiced whenever permissible as subsequent 
flotation of the activated silica is more rapid and 
complete, and less reagents are required. 
A caustic alkaline pulp with a pH at least as 

high as 10, and preferably in the range of 10 to 
12, is preferable in our method of flotation to 
facilitate effective retardation of the iron oxides 
by lignin sulphonates. We prefer to employ caus 
tic alkalies, such as sodium or potassium hy 
droxide, or their equivalents, to establish the de 
sired pH for flotation. Moderate quantities of 
other alkaline reagents, such as sodium sulfide, 
sodium carbonate, and sodium silicate, may be 
lised in conjunction with the caustic alkalies if 
desired. A combination of hydrated lime and 
soda ash has been successfully employed in the 
flotation of many iron ores and served the dual 
purpose of activating the siliceous materials to 
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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 
of 10 to 12, and the proper pH for any particular 
case is best determined by experimentation. Poor 
flotation of the silica and incomplete retardation 
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 to keep 
the pH in the range 0 to 12 in our flotation 
method. 

It is essential in the practice of this investion 
that the siliceous gangue constituents in the iron 
ore be activated and made floatable by the anionic 
collecting agents. The siliceous gangue materials 
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 exemplied by 
the weathered red ores of the Birmingham dis 
trict and most siliceous ores of the Lake Superior 
district, seldom contain naturally activated sili 
ceous materials, and the successful operation of 
our process requires that the silica in such ores 
be activated for anionic flotation. Extended re- . 
search on a variety of siliceous iron ores demon 
strated 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 var 
ious silicate minerals to Soap flotation if a proper 
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 calcium, 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 crude or purified lignin Sul 
phonates. The commercial lignin sulphonates 
are generally marketed as calcium or magnesium 
salts of the lignin sulfonic acids and as Such may 
contain sufficient lime or magnesia to activate 
part of the silica in iron ores to flotation. In 
general, however, the metal salts in the ligninsul 
phonates are insufficient for complete activation 
of the silica, and supplementary metal salt acti 
vating agents may be needed for an improved sep 
aration. 

In the practice of this invention, We prefer to 
employ hydrated lime for activation of the silica. 
Grinding or blunging the iron ore with sufficient 
hydrated line to establish a pulp pH of about 11 
Will generally suffice on most ores for complete ac 
tivation of the siliceous gangue. The 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 hydrated lime per ton. Our 
experiments on a variety of calcareous and silice 
ous iron ores have revealed that only part of the 
hydrated lime added to the flotation pulp is con 
sumed in activating the siliceous constituents to 
anionic flotation; part of the added lime may re 
act with Salts in the pulp and is precipitated as 
Carbonate, another part is adsorbed by the iron 
oxides, still another part remains in solution to 
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satisfy the solubility requirements of the water, 
and finally any excess hydrated lime added to the 
pulp remains undissolved. The lime consuming 
Capacity differs for different iron ores, and the 
proper quantity for activation of the silica is best 
determined by experimentation. Excessive quian 
tities of dissolved line in the conditioned pap 
should be removed before flotation as they is 
Crease collector requirements. Although. We have 
achieved by the practice of this invention good 
flotation of silica from iron ore pulps containing 

0. 

dissolved ime equivalent to is parts per million 
of hydrated lime or about 0.8 pound of hydrated 
line per ton of solids in our tests, we prefer that 
the flotation pulp be substantially free of dis 
Solved time. The dissolved line may be removed 
either by washing the conditioned pulp with fresh 
water, or by addition of sufficient soda, ash to pre 
cipitate the line as insoluble calcium carbonate. 
Brief conditioning of the iron ore with suicient 
hydrated line to give a pulp with a pi of about 

generally suffices for complete activation of 
the silica. Subsequent addition of soda ash to 
the pulp; the requirerinents for Gost oires being 
to 2 pounds per ton of scids, precipitates the 

lime in solution and gives a pulp of the desired. 
caustic alkalinity for flotation. Should an excess 
of hydrated lime be inadvertently added to the 
pulp to activate the silica, as evidenced by a pit of 
about 12.3, the excess is best removed by setting 
and washing the pulp one or more tianes with 
fresh water to reduce the ph: to , whereupon 
Soda ash may be added to precipitate the remain 
ing lime in solution before proceeding with flo 
tation. If desired, however, the washing may be 
carried further to give a final pulp for flotation 
practically free of dissolved line and having 2. 
pH of 9 to 10. Subsequent addition of a caustic 
alkali to the line conditioned and washed pulp to 
establish the desired pi; for flotation together 
with a lignin Sulphonate and a fatty acid or soap 
collector enables fictation of the calcium-ac 
tivated silica and retardation of the iron oxides. 

It will be apparent to those skilled in the art. 
that soft Water free of line or magnesia salts is 
not obligatory in the practice of this invention. 
Some lime or magnesia salts in the flotation pulp 
are permissible, and, in fact, are advantageous 
in that they insure complete activation of the 
siliceous constituents to flotation. 
The anion-active collecting agents which we 

have found suitable for flotation of the activated 
siliceous gangue materials from iron oxides in 
clude the higher fatty acids such as oleic acid or 
red oil, the purifled or crude sodium oleates, fish 
oil fatty acids, fish oil soaps, and various crude 
and purifled talloels and sulfate soaps derived 
from sulfate paper mill black liquors. The tall 
oels, which are mixtures of fatty and resin acids, 
are relatively inexpensive and are the preferred 
collectors in the practice of our invention. 
We have discovered that various addition 

agents may be advantageously employed to sup 
plement the crude or purified lignin sulphonates 
in the practice of our invention to enable an 
improved separation to be obtained. The various 
addition agents which we have employed and 
found useful include the metaphosphates; the 
polyphosphates; sodium silicate; sodium fluoride; 
starches of different botanical origin such as po 
tato, wheat, corn, rice, arrow-root, or tapioca 
Solubilized by heat and/or chemical treatment to 
yield starch solutions or gels of the ruptured 
granules; hydrolyzed starch products, such as 
British gun or dextrins; and various vegetable 
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tannin materials such as quebracho extract, 08: 
extract, and Borneo cutch. These auxiliary 8,és 
dition agents are advantageous on so neiro Ores 
in that they enable more effective retardiation of 
the iron oxides with rainina quantities of the 
lignin sulphonates during a ionic flotation of the 
activated siliceous materials. 
The proportions of the various reagents ean 

ployed in the practice of this invention are sub 
ject to considerable variation, and the optimum 
quantities are best determined by experimentao 
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 gain 
Sulphonate results in retardation of a portion of 
the siliceous materials, wheress a deficiency per 
mits flotation of some of the iron oxides with the 
silica. Control of the collector and lignia sui 
phonate is not critical, however, and reasonable 
Variation in the quantities enployed is pers so 
sible without adversely affecting the separation. 
To avoid possible confusion in describing the 

results of our flotation test, we shall hereinafter 
designate the iron enriched pulps from the rough 
ing and cleaning steps as "iron concentrates, 
rougher' and "iron concentrates, cleager,' re 
spectively. The floated silica, products from the 
roughing and cleaning steps will be designated 
as “rougher froth' and 'silica, rejects,' respec 
tively. In describing the results of Oui test we 
shall consider and report the iron enriched plps 
from the cleaning steps (middlings) as finished 
concentrates. It will be readily apparent to those 
skilled in the art that the middlings may ce sea 
treated by conventional methods in continuous 
flotation operations to yield an even higher grade 
concentrate without departing from the spirit of 
the invention. 
The invention will be further illustrated, but is 

not intended to be limited by the following ex 
amples of practice: 

Eaco.722pe 

A Sample of Calcareous red iron ore was obs 
tained from an operating mine in the Birmingo 
ham district, Alabama. The ore was typical of 
the district and contained hematite associated 
with a gangue composed predominately of quartz 
and calcite together with minor quantities of 
acceSSOry calcareous and siliceous materials in 
cluding shale and ferruginous clay. A head an 
alysis gave 36.2 percent Fe, 10.6 percent CaO, 
and 24.6 percent hydrochloric acid insoluble 
(hereinafter referred to as "insol.'). The sample 
was a typical calcareous iron ore containing 
siliceous gangue naturally activated to soap flo 
tation. Pulps of the ground ore were alkaline 
(pH-8.6), and qualitative tests on the water 
showed presence of lime salts. 

In carrying out the flotation process according 
to this invention, the iron ore or product to be 
treated is first ground to proper size for flota 
tion, if not already of such size, by conventional 
methods. The fineness of grind may vary from 
35 mesh to 200 mesh or finer depending on the 
degree of interlocking of the iron oxides and 
gangue constituents in the particular ore; sub 
stantially complete liberation of the iron oxides 
and siliceous gangue is essential for a satisfac 
tory separation by flotation, and the fineness of 
grind for a particular ore should be selected ac 
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cordingly. A limiting 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 steel rods as the 
grinding media with 250 ml. of tap water in a lab 
oratory rod mill. The ground charge was diluted 
to a volume of 2.5 liters with additional tep 
water to give a pulp containing about. i0 percent 
solids. The pulp which was flocculated was then 
dispersed using caustic soda and soda ash equiva." 
lent to 2.0 and 1.0 pounds per ton of ore, respec 
tively. The dispersed charge was fractionated 
by sedimentation and decantation to remove the 
bulk of the slime finer than 20 microns. The 
granular portion, substantially free of slime and 
coarser than 20 microns, was repulped with ad 
ditional tap water and transferred to a Small 
mechanical flotation cell of standard design. 
Sufficient tap water was added to give a pulp for 
flotation containing about 20 percent solids. 

Flotation of the naturally activated silica was 
effected from a caustic alkaline pulp using talloel 
as the collector, and Goulac, a commercial dehy 
drated sulfite liquid product marketed by Amer 
ican Gium Products Company, as the iron oxide 
depressant. The reagent charge expressed in 
conventional pounds per ton of Ore was as fols 
ows: 

Conditioner Cleaner 
Reagent Rougher 

Caustic soda- ... 2 
Goulac------- 2.0 
Talloel--------------- 

The substantially deslined pulp was first con 
ditioned with the caustic soda (commercial lye) 
and Goulac to establish the alkalinity desired 
for flotation and to retard the iron oxides. Taloel 
was chosen for the collector in the test. The pulp 
was conditioned with the talloel as indicated. 
Air was then allowed to enter the cell and re 
sulted in immediate formation of a compact, 
heavily mineralized froth of the siliceous mate 
rials. The froth was collected for 2.5 minutes, 
whereupon flotation was complete. The rougher 
froth was cleaned by re-floating in the same 
cell using tap Water with additional caustic soda 
to maintain alkalinity, Goulac to retard the re 
maining iron oxides, and talloel to insure flota 
tion of the siliceous gangue, in each cleaning 
step. The final silica rejects, the combined iron 
concentrates from the cleaning steps, the rougher 
iron concentrates, and the untreated slime were 
dried, weighed, and aSSayed. 

the results of the test follow: 

Distribution, 
per cent 

Product M 

CaO Inso 

Iron concentrates: 
Rougher------- 29, 53.9 13 13.9 16.2 
Cleaner-------- 21.7 37.7 9.7 9.8 17.3 
Slime (un 
treated)------ 28.6 44.0 8.3 17.8 20.5 

Composite-...- 79, 4 45.9 6.1 16.9 54.0 
Silica rejects------- 20.6 6.0 19, 4 55.5 46.0 

Composite g 
feed 100.0 37.7 8.9 24.9 100.0 100.0 100.0 

The flotation silica rejects accounted for 20.6 

• 35 

8 
percent of the weight of the feed and contained 
46.0 percent of the insoluble and only 3.3 percent 
of the iron. The untreated slime and cleaner 
middlings were sufficiently low in insoluble to be 

5 considered as iron concentrates. The composite 
iron concentrates from the test represent a recov 
ery of 96.7 percent of the iron in the feed and 
assayed 45.9 percent iron, 6.1 percent line, and 
16.9 percent insoluble. 
The results of the recorded test Were about 

average of those obtained on deslined charges of 
the calcareous red iron ore ground in a pebble 
mill, iron ball mill, or iron rod mill to pass 65, 
00, or 200 mesh, respectively. Good flotation 
of the activated quartz and granular silicates was 
achieved in the tests by using from to 2 pounds 
per ton of an anionic collecting agent, such as 
oleic acid, sodium oleate, fish oil fatty acid, fish 
oil soap, or a crude or purified talloe or sulfate 

20 Soap from sulfate paper mill black liquors, to 
gether with sufficient caustic alkali to give a pulp 
pH of about 11 and from 1 to 4 pounds per ton 
of a crude or purified lignon sulphonate to retard 
the iron oxides. Sodium hydroxide, potassium 
hydroxide, caustic Soda (commercial lye), and 
combinations of hydrated lime and soda ash to 
form caustic soda in the pulp proved equally suit 
able for establishing the desired caustic alke 
linity for flotation. 

Eacomple it 
A 250-gram charge of the calcareous iron ore 

was ground to pass 100 mesh as in Example . 
The ground charge, including slime, was trans 

35 ferred to a Small mechanical flotation cell of 
standard design and sufficient tap water was 
added to give a pulp for flotation containing 
about 22 percent solids. Flotation of the silica 
from the slime-bearing pulp was effected by the 

40 following reagents expressed in conventional 
terms of pounds per ton of flotation feed: 
"""H"--at-au-les---all 

5 

25 

Cond 
tioner 

45 Reagent 

Caustic soda-...--- 3.4--------------- 
Goulac----. a wa -- 4.0 --------------- 

50 Talloel---------------- 0.8 
Time, min. 2, 52.5 

ppH--------- 1.25.25 

The slime-bearing pulp was conditioned with 
caustic soda (commercial lye) and Goulac. Tall 

55 oel was then added and the pulp again briefly 
conditioned as indicated. The rougher froth was 
cleaned by re-floating in the same cell using tap 
water for dilution together with additional caus 
tic Soda and Goulac. The rougher and compos 

60 ited cleaner iron concentrates and final silica re 
jects were dried, weighed, and analyzed. 
The results of the test are as follows: . 

Assay, per cent Distribution, 
- Weight per cent Product percent 

Iron concentrates: 
Rougher------ 33. 

70 Cleaner------- 38. 
Composite.- 70.047.7 

Silica rejects.----- 30.0 9.1 
Composite 
feed------- 00, 
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3,403.48 
9 

Flotation of the silica from the slime-bearing 
pulp rejected $8.8 percent of the silica (inso.) 
with a loss of only 7.6 percent of the iroga. It is 
therefore apparent that our method of flotation 
is applicable to both total and deslimed iron ore 
pulps. While we prefer to employ deslined pulps 
in the practice of our invention, desliming is not 
obligatory sor a satisfactory separation of silica 
from he iro Ocides, 

Eadnple III 
in the previously described examples of prac 

tice, a lignin sulphonate (Goulac) was employed 
to retard the iron Oxides during anionic flotation 
of the naturally activated silica, from either de 
skimed or total charges of the ground calcareous 
red ore. We shall now consider the results of flo 
sation tests wherein auxiliary addition agents are 
employed to supplement the ignia sulphonates 
in the practice of our invention. 
The results of a typical flotation test on a 250 

gster charge of the calcareous red "OR), Ore 
ground to pass 100 resh in a laboratory rod nii 
&nd the total charge floated by the procedure 
described in Example are given below. Iotato 
starch solubilized with caustic soda, to rugpture 
the granules at room temperature azhd for in a 
starch Solution was used as an auxiliary reagent 
in the test to supplement the ignin sulphonate 
and aid retardation of the iron oxides. Ethe quan 
tities of caustic soda, causticized potato starch, 
lignin sulphonate (Goulac), and tailoel employed 
in the roughing step Were 2.8, 2.0, 3.0, and 0.8 
pounds per ton of feed, respectively. The grough 
er froth was cleaned 4 times using 0.5 and 0. 
pound per ton of caustic Soda and Colac, re 
spectively, in each step to retard the remaining 
iron oxides and yield the final silica reject. 

- Distribution, 89 weight, Assay, percent écon." 
Product pent 

Fe CaO Insol. Fe CaO Ensol. 

, Iron concentrates: 45 Rougher------ 46,452.8 4.2 3.0 86.3 7.3. 23.9 
Cleaner------- 28,237.0 130 18.328.8 33.2 20.9 

Composite.-- 73.646.8 7.6 5,095.1 50.5 44.8 
Silica rejects: 26. A 6.7 20, 51.7 49 49.5 55.2 

Composite feed------- 100.036.2 11.ol 24,100,000,o 100.0 is 

A combination of the lignin sulphonate and 
causticized potato stach facilitated retardation 
of both the sline and granular iron oxides dur 
ing anionic flotation of the activated silica, 
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 
the lignin sulphonates. An optimum quantity of 
the starches and lignin sulphonate gave results 
substantially identical to those recorded. The 
utility of the starches and hydrolyzed starch prod 
ucts for retarding iron oxides during anonic flo 
tation of activated silica from caustic alkaline 
iron ore pulps is described in a co-pending appli 
cation, Serial No. 567,763, filed December 11, 1944, 
by Julius Bruce Clemmer and Milton Friel Wil 
liams, Jr. Although the starches and hydrolyzed 
starch products are not obligatory in the prac 
tice of this invention, they are advantageous ad 
dition agents and enable an improved retardation 
of the iron oxides with reduced quantities of the 
lignin Sulphonates, 

0. 

5 

20 

25 

80 

35 

30 

S. 

In addition to the starches and hydrolyzed 
starch products, other useful auxiliary agents 
which have been employed in conjunction with 
the lignin sulphonates in the practice of this in 
vention include the metaphosphates, the poly. 
phosphates, sodium silicate, sodium fluoride, and 
various vegetable tannin materials such as que 
bracho extract, oak extract, and Borneo cutch. 
The grade of the composited iron concentrates 
recovered from flotation tests on typical calcare 
Ous red ores using several of these auxiliary 
agents to supplement commercial lignin sulph 
nates are given below. The red ores were ground 
to pass 100 mesh and floated by the procedure dies 
Scribed in Example I. 

Assay, percent Recov 
Depressant employed East e:Er 

Fe CaO Insol. Fe 

Siavarietaphosphate of 46.9 1.8 97.4 
Eitherametaphospital of 48.0 1, 6 95.3 

Sihasarietaphospital o'B40 6 94.2 
SEAEAsiapiapital 8248.2 2,5 97.8 
stiliticipiosphate 94.7 13.3 83.7 
SRiaioia. 847.8 8.7 92.8 
E:::::::::::::::: 854.2 13.9 84.6 

Sig.: 346.6 12.7 95.0 
Eacample IV 

The flotation tests heretofore reported were 
made on a typical calcareous iron ore containing 
siliceous gangue constituents naturally activated 
to Soap flotation. We shall now consider the ap 
plication of our method of flotation to siliceous 
iron ores which contain unactivated siliceous na 
terials; the silica, in such ores is usually non 
floatable by anionic collectors, but can be ren 
dered floatable in the practice of our invention 
by the use of hydrated lime or metal-salt activat 
ing agents. 
A sample of rejects was obtained from an iron 

Ore Washer in the Mesabi range, Minnesota. The 
sample as received was substantially finer than 
48 nesh, and was a composite of classifier and 
dewatering device overflows impractical to treat 
by methods of flotation heretofore available. The 
sample contained hematite as the predominate 
iron oxide together with specular hematite and 
magnetite. The gangue was mainly quartz with 
Some iron silicate minerals and clayey material. 
A head analysis gave 40.9 percent Fe and 33.8 
percent insoluble. 
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A 250-gram portion of the washer rejects was 
Wet ground to pass 100 mesh and deslimed at 20 
microns by sedimentation and decantation using 
the procedure described in Example I. The gran 
ular portion was transferred to a laboratory me 
chanical flotation cell of standard design and 
diluted with tap Water to give a pulp containing 
about 20 percent solids for flotation. The pulp 
was first conditioned with hydrated lime to estab 
lish a pulp pH of about 11 and activate the quartz 
and silicate minerals to soap flotation. The 
lime-conditioned pulp was subsequently condi 
tioned with soda ash to precipitate the hydrated 
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lime remaining in solution as insoluble calcium 
carbonate and simultaneously form caustic soda, 
in the pulp. The resulting pulp, Substantially 
free of dissolved lime, was then conditioned with 
Marathon M, a commercial magnesium lignin 
sulphonate marketed by the Marathon Chemical 
Company, and talloel, and then subjected to flota 
tion. The rougher froth was double-cleaned by 
re-flotating in the same cell using tap water for 
dilution together with additional caustic soda, 
Marathon M, and talloel in each step to retard 
the remaining iron oxides and yield a final silica, 
reject of low iron content. The quantities of 
reagents, expressed in conventional terms of 
pounds per ton of flotation feed, employed in the 
test were as follows: 

Conditioner Cleaner 
Reagent Rougher 

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

hydrated lime--- 5.4 
Soda ash.-------------- 
Caustic soda----- ... 1 1. 
Marathon M---- - ... 3 0.3 
Talloel----------------------------- 0.8 ---------- 0.1 0.1 
Time, min.------ 2,5 2.5 2.5 2.5 4.0 4.0 3.0 
Pulp pH.-------- 11.2 1, 1 11.0 11.0 10.8 0.8 10.8 

The grade and distribution of iron and in 
soluble in the test products were as follows: 

ASSay, per cent Distribution, 
Weight, per cent 

Product per cent 
Fe Inso Fe asol 

Iron concentrates: 
Rougher---------- 49, 7 57.2 7.8 67.7 11. 
Cleaner----------- - 17.7 51.7 18. 21.7 9. 

Composite------ 67.4 55.8 10.5 89.4 21.7 
Silica rejects----------- 32.6 13.6 78.3 0.6 78.3 

Composite flota- s 
tion feed------ 100.0 32, 6 00.0 100.0 

Activation and flotation of the silica from the 
ground and deslined sample rejected 78.3 per 
cent of the insoluble and enabled recovery of 89.4 
percent of the iron in concentrates which as 
sayed 55.8 percent Fe and 10.5 percent insoluble. 

Similar results were obtained on the Washer 
rejects using other commercial lignin Sulpho 
nates to retard the iron oxides during anionic 
flotation of the calcium activated silica from 
caustic alkaline pulps. The grade and yield of 
iron concentrates from comparative tests with 
several lignin sulphonates using the previously 
described flotation procedure are as follows: 

Iron concentrates 

Lignin sulphonate Weight, ASSay, per cent Recovery, 
percent pent 

Fe Insol e 

Acid calcium ignin sulphor 
nate------------------------ 70.0 54.9 12, 2 90.5 

Neutral calcium lignin sul 
phonate.------------------- 70.5 55.6 0.5 92.9 

Basic calcium lignin sul 
phonate.------------------- 70.5 53.0 13,4 94, 6 

Sodium lignin sulphonate--- 69.1 54, 4 12.7 89. 

Eacample V 

A portion of the washer rejects containing un 
activated silica was next floated using a solution 
of a commercial basic-calcium lignin sulphonate 
that contained 12.0 percent of CaO for the dual 
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purpose of activating the silica to anionic flota 
tion while retarding flotation of the iron oxides. 
A 250-gram charge of the rejects was ground and 
deslined using the procedure described in Exam 
ple I. The granular portion was floated in a 
mechanical flotation cell of standard design using 
the following reagents, expressed in conventional 
pounds per ton of flotation feed: 
----4----- 

Conditioner Cleaner 
Reagent Rougher 

No. 1 No. 2 No. 1 No. 2 

Caustic soda---------- 4.4 ------------------ 0.8 0.8 
Basic-calcium lignin 
Sulphonate---------- 6.0 ------------------ 0.4 0, 4 

Talloel------------------------ 0.6 ---------- 0,1 0, 
Time, mini------------ 2.5 2.5 2.5 2.5 2.5 
Pulp pH-------------- 1,05 1.0 10,9 10.75 10,8 

The composited iron concentrates recovered 
from the roughing and cleaning steps in the test 
assayed 58.4 percent Fe and 8.8 percent insol., 
and represented a recovery of 93.6 percent of the 
iron in the flotation feed. The silica, rejects as 
sayed 9.3 percent Fe and 84.8 percent insoluble 
and contained 80.6 percent of the silica in the 
feed. The calcium salts contained in the com 
mercial basic calcium lignin sulphonate employed 
in the test was sufficient to activate the silica to 
anionic flotation and the lignin portion retard 
the iron oxides. In the practice of our invention, 
we prefer, however, to employ supplementary 
metal salt activating agents to insure more com 
plete activation and flotation of the siliceous 
gangue constituents. 

Eaxample VI 

A 250-gram portion of the Mesabi washer re 
jects was ground to pass 100 mesh and deslined 
at 20 microns by the procedure described in Ex 
ample I. The granular portion was froth floated 
in a mechanical cell to reject the silica and recover 
an iron enriched product using hydrated lime to 
activate the silica, Marathon, NS, a commercial 
sodium lignin sulphonate marketed by the Mara 
thon Chemical Company, to retard the iron ox 
ides, and talloel as the collector for the activated 
silica. The reagent charge, expressed in pounds 
per ton of flotation feed, employed in the test 
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was as follows: 

Conditioner 
Reagent Rougher 

No. 1 No. 2 No. 3 

Hydrated lime----------------- 6.5 ------------------------ an 
Caustic soda--------------------------- 1.5 ------------------ 
Marathon NS------------------------- 3.0 ------------------ 
Taloel--------------------------------------- 0.8---------- 

2.5 2.5 2.5 8.0 
.10.6 1.0 1.0 10,85 

A roughing treatment sufficed for an adequate 
separation of the activated silica from the re 
tarded iron oxides. The rougher iron concen 
trates assayed 57.6 percent Fe and 8.1 percent 
insol, and represented a recovery of 85.7 percent 
of the iron in the feed. The silica rejects rougher 
froth assayed 16.0 percent Fe and 85.2 percent 
insol, and contained 62.2 percent of the insoluble 
in the flotation feed. 
In the recorded test, it will be noted that good 

flotation of the silica was achieved from the iron 
oxides in the presence of hydrated lime. Supple 
mentary experiments indicated that the flotation 
pulp contained about 0.8 pound of dissolved hy 
drated lime per ton of solids in the test. While 
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we prefer that the flotation pulp be substantially 
gree of dissolved hydrated lime in the practice 
of our invention, it is not obligatory that the flo 
tation pulps be completely free of hydrated lime 
or calcium salts. Some calcium salts in the flo 
tation pulp ale pernissible, and, in fact, are ad 
vantageous in that they insure more complete 
totation of the sic. Era carrying on Our inven 
tion we prefer that the flotation pulp contain not 
nore than 300 p3's per million of dissolved hya 
cated ice of cici'? salts. 

2.Eesarge VII 
A 250-gigan portion of the washer rejects was 

ground and designed as previously described. The 
granilar portion was conditioned with the equivo 
asnt of 1 poigadis per to of hydrated lime. The 
ine-conditioned pulp which had a pH of 12.3 
was the Washed three is nes. With tap Water to 
remove the hydrated line remaining in solution. 
The resulting pulp which had a pH of 9.8 was sub 

- 

sequently transferred to a laboratory mechanical 
flotation cell and diluted with tap water to give 
a pulp for flotation containing about 20 percent 
solids. The pulp was conditioned with caustic 
soda, Goulac, and tallcel, and then subjected to 
fiotation to ioat the line-activated silica from 
the retarded iron oxides. The rougher froth was 
triple-cleaned by re-floating in the same cell us 
ing tap water for dilution together with caustic 
Soda, Goulac, and alloel. The quantities of re 
agents, expressed in terms of pounds per ton of 
flotation feed, exployed in the test were as foll 
OWS: 

Conditioner 
Rougher Reagent 

The grade and distribution of iron and insoluble 
in the test products were as follows: 

Distribution w|Assay, percent "F.S." 
Product per cent 

Fe Insol. Fe insol. 

Iron concentrates: Rougher---------- 38.8 55, 6 9.9 5.5 8 
Cleaner----------- 33.4 54.0 14.6 43.0 5.4 

Composite------ 72.2 54.8 2,3 94.5 27.2 
Silica rejects---------- 27.8 8, 2 85.4 5.5 72.8 

Composite flota 
tion feed------ 00.0 48 326 100.0 100.0 

Activation and flotation of the silica from the 
ground and desimed Sample rejected 72.8 per 
cent of the silica and enabled recovery of 94.5 
percent of the iron in concentrates which assayed 
54.8 percent Fe and 12.3 percent insoluble. 
The results of the previously described flota 

tion tests are typical of those we obtained on a 
variety of calcareous and siliceous iron ores us 
ing various crude and purified lignin sulphonates 
as the iron oxide depressants while floating acti 
wated siliceous gangue constituents from caustic 
alkaline iron ore pulps with oleic acid, sodium 
oleate, talloel, sulfate soap, or similar anionic Col 
lecting agents. While we have disclosed the pre 
ferred embodiments of our invention, it will be 
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many variations and anodifications Saay be ade 
thereign without departing frozin he spirit of the 
Veto. 
What is claimed: 
1. A process for beneficiating calcareous iron 

ores containing siliceous gangue naterials which 
cornprises addition to an aqueous pulp of the 
cozannuted ore a quantity of caustic alkali to 
establish s, pulp pH at least as alkaline as SE10 
and 8, ignia sulphonate, together with an anion 
active collecting agent selected from the class 
classing of higher fatty acids, resin acids, and 
22:33res of fatty and resin acids, and soaps 
tereof, and then subjecting said pulp to agitao 
tion and aeration whereby siliceous gangue is 
loated and beneficiated iroa ore is depressed and 
recovered. 

2. A process for beneficiating calcareous iron 
ores containing siliceous gangle materials which 
cornprises addition to an aqueous pulp of the 
conminutes ore a quantity of calistic alkali to 
establish a plp p: at least as alkaline as pH 10 
an iron oxide depressant selected from the class 
consisting of crude and purified netal salts of 
lignin sulphonic acid, crude and purified paper 
Inill suite liquors, and dehydrated residues 
thereof, together with an endon active collecting 
agent selected from the class consisting of higher 
fatty acids, resin acids, Emixtures of fatty acids 
and resin acids, and soaps thereof, and then 
subjecting said pulp to agitation and aeration 
whereby siliceous gangle is floated and benef 
clated iron ore is depressed and recovered. 

3. A process for beneficiating iron ores con 
taining siliceous gangle materials which con 
prises addition to an aqueous pulp of the com 
minuted ore a quantity of caustic alkali to es 
tablish a pulp at least as alkaline as p 1C 
adding thereto a basic-calcium lignin sulphonate 
together with an anion active collecting agent 
selected from the class consisting of higher fatty 
acids, resin acids, inixtures of fatty and resin 
acids, and soaps thereof, and then subjecting said 
pulp to agitation and aeration whereby siliceous 
gangue is floated and beneficiated iron ore is 
depressed and recovered. 

4. A process for beneficiating iron ores con 
taining siliceous gangue materials which con 
prises conditioning an aqueous pug of the corn 
minuted ore in the presence of sufficient hydrated 
line to yield a, pulp with a pH of at least 10 and 
containing not more than iO0 parts per million 
of dissolved hydrated line, adding thereto a 
ignin Sulphonate and subjecting said pulp to 
agitation and aeration in the presence 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 recovered. 

5. A process for beneficiating iron ores con 
taining sliceous gangue materials which com 
prises conditioning an aqueous pulp of the 
comminuted ore, in the presence of sufficient 
hydrated lime to yield a pulp with a pH of at . 
lease 11, thereafter washing the conditioned pulp 
with fresh water to yield a pulp containing not 
more than 100 parts per million of hydrated lime 
remaining in solution, adding thereto sufficient 
caustic alkali to establish a pulp at least as alka 
line as pH10, and a lignin sulphonate, thereafter 
subjecting said pulp to agitation and aeration in 
the presence of an anion active collecting agent 
selected from the class consisting of higher fatty 

readily apparent to those skilled in the art that 75 acids, resin acids, mixtures of fatty and resin 
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acids, and soaps thereof, whereby siliceous 
gangue is floated and beneficiated iron ore is depressed and recovered. 

6. A process of beneficiating iron ores con 
taining siliceous gangue materials which con 
prises conditioning an aqueous pulp of the com 
minuted ore in the presence of sufficient hy 
drated line to yield a pulp with a pH of at least 
11, adding thereto soda ash to precipitate the 
dissolved hydrated lime and yield a pulp con 
taining not more than 100 parts per million of 
hydrated lime remaining in solution, and adding 
thereto a lignin sulphonate and thereafter sub 
jecting said pulp to agitation and aeration in the 
presence of an anion active collecting agent 
selected from the class consisting of higher fatty 
acids, resin acids, mixtures of fatty and resin 
acids, resin acids, mixtures of fatty and resin ac 
ids, and soaps thereof, whereby siliceous gangue 
is floated and beneficiated iron 
and recovered. 
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7. A process for beneficiating iron ores con 

taining siliceous gangue materials which com 
prises addition to an aqueous pulp of the com 
minuted ore a quantity of caustic alkali to es 
tablish a pulp at least as alkaline as pH 10, and 
a soluble compound of an inorganic anion Com 
bined with a polyvalent metal selected from the 
class consisting of calcium, magnesium, stron 
tiunn, barium, and lead, together With a lignin 
sulphonate and thereafter subject said pulp to 
agitation and aeration in the presence 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 

15 thereof, whereby siliceous gangue is floated and 

ore is depressed 20 

beneficiated iron ore is depressed and recovered. 

JULIUS BRUCE CLEMMER. 
CARL RAMPACEK. 


