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This invention relates to a method for the

separation of calcareous materials used in cement
manufacture from other constituent materials
of the natural products. More particularly, the

g invention relates to the separation of brucite or
other magnesium compositions, from the con-
stituents of limestone.

OBJEOTS

10 It is a primary object of the present invention
to separate from limestone and similar comiposi-
tions, brucite and/or other magnesium-contain-
ing constituents, in a simple, effective and eco-
nomical operation, and thereby render the lime-

16 stone or similar compositions, after separation,
suitable for the manufacture of Portland cement.

Another object of the invention is to provide
a froth flotation operation in which reject ma-
terial, usually constituting a small percentage of

gp the entire mass treated, is floated and removed
as a froth concentrate while the useful product
of the operation, which usually comprises a large
percentage of the mass treated, is collected as a
non-floated residue of the operation.

A further object of the invention is to provide
a sufficiently large group or class of reagents
to render the process efficient and economical
under varying market condifions in the treat-
ment of materials of various compositions.

30 - Frora FILOTATION

In the practice of the froth flotation process,
it is customary to grind ores or other earthy
materials. to a suitable degree of fineness, then
add water thereto in sufficient guantities to pro-
duce a free flowing pulp, in which certain flota-
tion reagents are introduced. The pulp is then
subjected to aeration and agitation whereby a
froth is formed, which carries certain constitu-
ents of the pulp to the surface where they are
removed by suitable means.

35

The reagents added to the pulp will vary with -

the nature of the material being treated and also

~must be varied in accordance with the properties
of the specific minerals which are to be collected
in the froth.

One function of a reagent is to produce a froth
and reagents possessing this property are called
frothers. Another function is to cause certain

50 minerals to adhere and collect in the froth, and
reagents possessing this property are known as
collectors. Sometimes it is necessary to prevent
a given mineral from collecting in the froth,
and reagents performing this function are de-

58 pressors or inhibitors. Other reagents may mod-

(CL 209—166)

ify the volume, toughness or other characteristics
of the froth, and are designated regulators or
-modifiers.

In some instances, a single reagent will pos-
sess more than one of the above properties, and
a given flotation treatment may . be performed
_successfully with one reagent composition. Other
treatments will require two or more reagent com-
positions, and in some instances, a different re-
agent composition will be required for each func-
tion utilized in the operation.

In performing the process, a two-stage opera-
tion is frequently employed in which the first
separation is known as a “rougher” operation,
followed by what is termed a “cleaner” opera-
tion, in which the rougher froth is treated to
improve the flotation separation.

ADVANCE IN THE ART

The present invention utilizes standard pro-
cedures to a large degree and may be performed
in various apparatus designed for the froth
flotation process, generally. The invention re-
sides In the discovery that magnesium minerals
may be removed collectively, as an impurity,
from materials which otherwise would not be
adapted for use in the manufacture of cement,
by floating the impurity off in froth, and recov-
ering the valuable constituents as a non-ﬂoated
residue. ‘

To make the process workable under varying
condifions of reagent cost, and chemical and
physical characteristics of the material treated,
a relatively large group of preferred reagents
has been provided for the froth flotation sep-
aration.

Suitable frothers for such g treatment are pine
oils, cresylic acid or compositions of cresylic acid.
Collectors which may be used with good results
in the treatment are hydrocarbons, like gas fuel
oil, mineral oils, or mineral oil fractions, as well

also possess certain qualities of modifier reagents,

particularly in floating finely divided magnesia

minerals.

It has been observed that under certain cir-
cumstances, particularly when sufficient gas oil
and cresylic acid are used to produce flotation
without other collector reagents, the volume of
froth may become excessive and difficult to con-
trol under these conditions.

Reagents which may be used for controlling
froth are the alkaline earth soaps, such as cal-
cium oleate and magnesium oleate. - Such re-
agents are best prepared by precipitating a warm
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(but not boiling) solution of sodium oleate with
soluble calcium or magnesium salts, and then
washing and drying the resulting soaps, which
are insoluble in water, -

After drying, these soaps are soluble in warm

gas oil, and a solution in this form is preferably -

added to the pulp for froth control; although
other means satisfactory for this purpose may
be employed. The alkaline earth soaps also
function as a collector for the flotation of mag-
nesium minerals.

While the above-described reagents are effec-
tive in causing finely-divided magnesum minerals
like brucite and some forms of olivine to collect

in the froth, and at the same time reject the,

desired constituents for cement manufacture,
namely, those containing lime, aluming, iron or
silica; there are coarser grains of magnesia min-
erals, such as brucite, which will not be so effec-

tively collected in the froth. :
‘Where it is necessary to collect these coarser

sizes in the froth, soluble salts of metals, such as
lead or thallium, when added to the pulp with
xanthates, thiocarbanalide or cresylic acid com-
positions heated with phosphorus pentasulphide,
which are commonly known in the flotation art
as phosphocresylic acids, will effectively float the
coarser sizes of brucite or other magnesium
minerals. Where flotation of this type is em-
ployed, the lead and thallium salts are prefer-
ably added to the pulp before the addition of
organic sulfur compounds.

Salts of lead and/or thallium which have been
employed effectively for this purpose are the
chlorides, nitrates and acetates. The xanthates
found effective are the ethyl, amyl, butyl and
fenchyl. Various phosphocresylic acids and
their corresponding salts are suited for this pur-
pose.. Thiocarbanilide is also- effective. The
foregoing ‘compositions may be designated for
convenience as “organic sulphur compounds of
the collector type” and it should be noted that,
in general, any such organic sulphur compound
ordinarily employed in sulfide mineral flotation
will be a satisfactory collector for this purpose,
while the combination of such & soluble salt and
an organic sulfur compound will give good froth-
ing, collection and selectivity.

It will be noted that cresylic acid compositions
have been described hereinbefore as suitable

frothers and it will be understood that in the

usual size ranges of the treatment phosphocresyl-
ic acids will give good frothing and collection in
treating magnesium minerals when no soluble
lead or thallium salts are added to the pulp.

In practicing the present invention, use is
preferably made of the two-stage operation, pre-
viously described, to improve the separation and
to more efficiently discard magnesium-containing
constituents.

The cleaning step may be improved materially
in the magnesium separation by introducing into
the pulp a reagent, such as a phosphate, prefer-
ably tetra sodium pyrophosphate or sodium meta-
phosphate or equivalent salts of arsenic and an-
timony. Certain organic colloids, such as gums,
like gum arabic, or tannates, such as tannic acid,
or sodium carbonate and equivalent alkali salts
may be used effectively for this purpose.

This group of reagents act as calcite inhibitors
or depressors to cause materials contalning lime,
alumina, iron or silica minerals entrapped in the
flotation froth to drop out and enrich the resi-
due.. While it is usually necessary to employ an
inhibitor of this tyoe only in the cleaner opera-
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tion, under some conditions it may be desired to
employ such an inhibitor in the rougher opera-
tion and the foregoing reagents may be used ef-
fectively in this way.

The final froth concentrate of the process, ob-
tained by the selective action of the various re-
agent combinations hereinbefore described, usu-
ally is & product containing magnesium min-
erals which are the impurity of the material
treated. - These concentrates are reject products
which are discarded from this process.  The re-
mainder of the minerals of the non-floated rési-
due are purified compositions, suitable for the
manufacture of Portland cement.

While the process is being described with par-
ticular reference to producing a product for ce-
ment manufacture, it will be understood that the
process may be employed effectively whenever
it is desired to remove the above-designated con-
stituents from minerals of the character de-
scribed.

For the purpose of cement production it is not
necessary to remove all of the magnesia-contain-
ing material, but only to reduce the same to a
safe limit for the class of work for which the
cement is to be used. The main object is to
obtain a maximum amount of usable tailing, and
the efficlency of the operation may be high even
where the recovery of magnesia is not particu-
larly high.

Many magnesium minerals have shown sig-
nificant selective flotation from calcite by the use
of the aforementioned reagents, such as the fol-
lowing: brucite, tale, olivine, magnesite, dolomite,
chlorite, enstatite, vermiculite, amphibole . and
pyroxene.

The foregoing minerals all belong in the gen-
eral class of magnesium materials, and this
term will' be used to designate the group else-
where in the ‘description and claims.  Other
minerals possessing similar characteristics are
also amenable t6 the treatment.

In the cement industry, clay is a .common
source of the acidic oxides in the mix. In testing
the present process, it has been found that cal-
cite and kaolin can be left behind in the residue
in approximately the same proportion: as they
are present in the feed.

In preparing the pulp for the flotation opera-
tion, the material to be treated must be reduced
to finely-divided condition. 'The effective size
for a given material will vary to & considerable
degree and workable results may be obtdined in
& relatively large range of sizes. ' Testing in the
customary ‘manner, well-known to those skilled
in the art, will determine the best size for g
given operation. In the operations hereinafter
described, grinding to pass 65 mesh is employed,
and this will provide a standard for testing par-
ticular compositions.

It will be noted that the process as deseribed
in the preceding remarks floats off the reject
material from the constituents which comprise
the final product of the treatment.

As the material floated comprises a relatively
small percentage of the entire quantity of ma-
terial treated, reagent costs and operating in-
tervals are reduced to a minimum. - If the pro-
cedure were reversed, for example, a much larger
quantity of reagent would be required to float
the final product of the same amount as pro-
duced by the present process, and the operating
time required to effect such a separation would
be increased proportionately.
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Consequently, the present process effects im-
portant economies in reagent cost, operating cost,
and plant capacity.

ILLUSTRATIVE OPERATIONS

To furnish a better understanding of the op-
eration of the process, reference will be made
hereinafter to specific treatments which illustrate
the scope of the process in operating under vari-
ous conditions.

A General ﬂotatitm using all reagents (General
procedure—A)»

By all reagents is meant all reagent types of
demonstrated importance in the separation of -
The most commonly used
reagents are listed below, but as discussed else-
where the designated compositions are but specific
examples of effective reagent types.

Cresylic acid or aerofioat or both.

A solution of calcium oleate in gas oil.

Lead salt.

Amyl xanthate.

Sodium pyrophosphate or gum arabic (depres-
sors of calcite).

The following is an example illustrating the use
of these reagents in the treatment of an inter-
ground mixture of raw materials for Portland
cement manufacture. This mixture was com-
posed of a limestone containing considerable
brucite (Mg(OH)2), with metamorphic and
granitic rocks which supplied the more acidic
oxides but also contained significant amounts of
magnesia in other combinations. It was a wet
grind made in short stages with intervening sep~
aration of material passing a 65 mesh screen,
until practically all had passed this screen.

EXAMPLE NO.1

3

Magnesia minerals which have been miner-
alogically determined in the limestone used were:
brucite, periclase, . hydromagnesite,- do]omite,
chondrodite, spinel, xanthophyllite, monticellite

Similarly, minerals found In the granodiorite
were: hornblende, augite, chlorite, biotite, sere-
cite.

The main minerals which remained in the un-
floated pulp were calcite, quartz, feldspar, limo-
nite and hematite,

Sulfide minerals like pyrite were. incidental
non-magnesium minerals which floated out of
the pulp and concentrated with the magnesium
minerals in the froth concentrate.

‘In milling practice, a cleaner tailing usually

.will be returned to the rougher treatment form-.

ing a closed circuit therewith. But in the treat-
ment of some materials, the cleaner tailing may
have a sufficiently low magnesia content to make
a satisfactory clinker, in which case it may be
used to make the clinker without further treat-
‘ment.

The tailing produced in the test hereinbefore
described would give the following cement clinker,
assuming volatilization of all but the five oxides
shown, and complete retention of these.

CALCULATED CLINKER

Oxide Percent
[0: 0 N 64.0
MEO e m e m e a e mmamam 3.2
<70 2 YO VOO 24.3
Al:O: - 6.2
............ 2.3

Potential compound*

3 Ca0.8i02_ e 30.9 tri calcium silicate
Reagents Roughing, | Clesning, 2 Ca0.Si02- e 46.4 di calcium silicate
_ Tbsjton | lbs.ftonm 3. Ca0.Al203w e 12,5 tri. calcium alumi-
- nate
g:lspﬂ e 4 Ca0.Alk03.Fe20s... 7.0 tetra caleium alu-
o e : mino ferrite
Amyl xanthate 1 ={ o NN — 3.2 magnesia
gres%hcta%q .
Crofloal M1 . e e
j - Equilibrium compounds, calculated according to the
Sodium pyrophosphate method of Bogue, Industrial and Engineering Chemistry,
Anal, ed. 1, 192 (1929) (Standard reaction produects).
'METALLUBGICAL REPORT
i 1.1 P Analyses, per centum
AssayNo.| Product vg:;%n:’ ce?ll;: -
MgO | CaO| SiOs | AlsOs | FeaOs
Cleaner cone 160|834 | 13.7|8n1| 74| 246] 378
_{ Cleaner tail._.| 644 | 31.8 3.60 | 44.5 10.6 3.02 1.68
_{ Rougher tail 1213 | 59.9 2.10 | 42.3 16.1 410 1.50
Heads....... 2026 |..._.- 3.56 | 42.4 13.6 3.61 1.74

Contents per 100 tons assay multl- Per cent recovery based on actual

A plied by percent weight of products
Ifisgy ) .

MgO | Ca0 | 8i0a2 | ALOs | FesOs | MgO | CaO | 8103 | AlsOs | FesOs
P G 114 | 3.09 | .62 .20 .31 7.3 4.6 5.5 17.8
Y. 1.16 [13.99 | 3.33 .95 .53 | 326330245 26.3 30.5
Y/ 1.26 (25,33 | 9.64 2.46 .90 | 3 59.7 | 70.9 68.2 51.7
Cale...| 3.56 [42.41 |13.59 3.61 1.74 PR

REMARES.—Rougher concentrate was thickened before cleaning.

In this test the first froth or rougher froth con-
centrate was cleaned producing a cleaner con-
centrate and cleaner tailing as shown. The vol-
ume of the froth was kept under control by the
use of calcium oleate. ‘

A clinker of this composition will make a Port-
land cement of satisfactory quality for general
use. Should it be desired to reduce the quantity

of tricalcium aluminate, or to raise that of tri-.

calcium silicate, or in any other -way alter the
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composition of the resultant clinker, there should
be added to the product before clinkering. such
other commercial raw.meterials as produce the
desired modification. For the specific purposes
mentioned above, additions of iron oxide and
limestone, respectively, would be suitable.

In this example, the flotation accomplished a
reduction in the magnesia content of the prod-
uct to such an extent that a suitable clinker was
produced containing only 3.2% of this oxide in
contrast to 5.5% which would result from the
use of -the untreated heads materfal. Tests in-
dicate that most of the magnesia which was re-
moved  was present sas brucite. However, ex-
periments have shown- that other magnesian
minerals can be selectively floated from lime-
stone by the use of the same reagents.

B. Use of special reagent combinations (special
procedures—B)

It will be understood, however, that the above
illustration of reagent use applies in general when
there are several different magnesium minerals
present. However, in secial cases where the
magnesia is contained in certain . specific min-
erals, it may not be necessary to employ all the
reagents listed. For example, the depressor re-
agent was not found essential when the main
magnesium minerals which were floated were
talc, brucite and olivine.

Further, when cresylic acid or a phosphocre-

_sylic acid alone is used as a frothing and col-
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lector reagent satisfactory results are obtained
when tale, serpentine and olivine are the main
magnesium bearing minerals.. Also, when the
magnesia was mainly contained in serpentine,
brucite and tale, a cresylic acid composition,
lead salts and xanthates when used alone served
to produce satisfactory results. =~

In addition, when brucite is the main magne-
sium mineral content, gas oil, calcium oleate and
xanthate has been found to produce flotation of
the brucite. o B

In general, it has been discovered that salts
of thallium react like lead salts and can serve
as substitutes.for lead salts in foregoing ilustra-
tions.  For example, a wet grind of limestone
containing about 129, MgO, mainly as brucite,
was made in stages with intervening screening
until practically all passed a2 65 mesh screen.
A portion of this pulp containing 288 grams of
solids was given a flotation test using the follow-
ing reagent quantities: .

EXAMPLE NO. 2

For 1st concentrate
Grams

Ges ofl (containing 5% calcium oleate) ____ 0.83

Cresylic acid 0.16
For 2nd concentrate
Grams
Thallic nitrate 0.033
Thallic chloride 0.054
Amyl xanthate 0.10
Cresylic acid 0.04

A mixture of thallic salts was used only be-

cause it was convenient to obtain the oxidized
state by first preparing the thallous:nitrate and
then chlorinating it.

2,208,143

'The results of the flotation tests were as fol-
lows: -

Woelght, MgO
Product porcent | ‘percont
1st rata. 68.95 21.2
2nd frate.._.__. 18.05 4.8
Talling. 75.00 8.4

Further, in special cases where: dolomite and
magnesite are present, manganous, ferric, fer-
rous and-cupric salts may also serve as substi-
tutes for lead salts in the above reagent com-
binations, for the fotation of magnesium con-
taining minerals. -

EXAMPLE NO. 3

A magnesium: containing Iimestone” from
Crestmore, California, was used in this example.
The magnesia minerals associated with calcite
in this example were mainly brucite, with smsller
amounts of hydromagnesite, periclase, chondro-
dite, spinel, xanthophyllite, monticellite and
dolomite. :

In performing the demonstration the lime-
stone was ground to 65 mesh, diluted with four
parfs by weight of water and subjected-to a froth
fiotation treatment for five minutes in a laborge
tory flotation machine, using the following re-
agents.in equivalent pounds -per ton of limestone:

Pounds
50

-

Cresylic acid_
Gas fuel oil containing 59% dissolved cal-

clum oleate_ 16.00
Lead nitrate. 1.70
Amyl xzanthate ) 2.00
Tetra sodium pyrophosphate_.____ .- ___ 35

The products of this test were: '

Percent) Percent | Parts

Product welght D g(l)] Maéo
Limestone as taken 100 17.8 | oo ..
Froth concentrate. _____._.___________ " 47.0 30.0 14.1
Flotation tailing o -[ - 53.0 6.3 3.3
Total . e i el 17.4

The pH value of the fiotation water was 9.5.
The high alkalinity was due to the partial solu-
bility of the brucite. y

The flotation tailing was suitable calcareous
material when mixed with other low magnesia
argellaceous and calcareous material for - the
manufacture of cement.

From the foregoing, it will be apparent that
the process disclosed: herein is of general appli-
cation wherever it is desired to separate magne-
silum-containing materials from calecite or simi-
lar compositions, both of natural-and artificial
origin, which are designated herein as “calcar-
eous materials”. :

The general description of the treatments to-
gether with the tests cited show the adaption of
the process to different problems of treatment
in which different factors-.are involved. By fol-
lowing the rules of procedure prescribed in the
foregoing description, satisfactory results for any
specific treatment can be obtained.

" The term “reagent” as used in the claims is
intended to designate one or more compositions
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constituents of the material under treatment are
selectively floated - off - from -other “constituents
thereof.
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While the invention has been described with
particular reference to a froth flotation operation,
it will be apparent that any type of separation,
which utilizes in fundamentally the same way, the
interfacial reactions between solids, liquids and
gases, could be performed with the reagents here-
in described functionmg to fa.cllitate the sepa-
ration.

In the description and claims, the expression
“salt of the lead-thallium class” is intended to
designate any salt possessing the properties of
the salts of lead or thallium described herein as
suitable for the purposes of the present inven-

. tion.

15

20

In this connection, it appears that almost any
metallic salt which can form relatively insoluble
hydroxide or carbonate (probably colloidal) is
capable of inducing the separation of dolomite
or magnesite from calcite.

Where -the term “gas oil” has been used in the
‘description and claims, it is intended to designate

- a product of petroleum distillation, preferably a
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little heavier than gasoline,

Where the expression “g cresylic acid collector”
has been used throughout the description and
claims, it is intended to designate cresylic acid,
the cresylic acid derivatives herein desecribed as
being satisfactory for the intended purpose, as
well as other equivalents coming under the broad
characterization of a cresylic acid composition.

Changes and modifications in the various steps’

and treatments may be availed of within the

spirit and scope of the invention as defined in the -

hereunto appended claims.

What I claim and desire to secure by Letiers
Patent is:

1. In a process for the treatment of calcareous
materials, wherein a plurality of constituents
constituting impurities are to be removed, the
steps of floating a plurality of impure constituents
in a pulp containing calcareous material in finely-
divided condition by the action of cresylic acid
and a hydrocarbon in a froth flotation treatment,
and controlling frothing by introducing an alka.-
line earth soap into the pulp.

2. In a process for the treatment of calcareous
materials, wherein a plurality of constituents
constituting impurities aré to be removed, the
steps of floating a plurality of impure constitu-
ents in a pulp containing calcareous materials in
finely-divided condition by the action of cresylic
acid and a hydrocarbon in a froth flotation treat-
ment, and controlling frothing by introducing
calcium oleate into the pulp.

3. In a process for the treatment of impure
calcitic materials, wherein g plurality of constitu-
ents constituting impurities are to be removed,
the steps of floating a plurality of impure con-
stituents in g pulp containing impure calcitic ma-
terial in finely-divided condition by the action
of cresylic acid and a hydrocarbon in a froth
flotation treatment, and controlling frothing by
introducing magnesium oleate into the pulp.

4, In a process for the treatment of calcareous
materials, wherein constituents constituting im-
purities are to be removed, the step of subjecting
2 pulp containing caleareous material in. finely-
divided condition to the action of a reagent com-
posed of cresylic acid, a hydrocarbon, a soluble
salt of the lead-thallium class, and a xanthate, in
a froth flotation treatment.

5. The proceéss of preparing materials for ce-
ment manufacture, which comprises forming a
pulp of impure limestone in finely-divided con-
dition in liquid suspension, subjecting the pulp to

-

the action of a mixture of cresylic acid, gas oil,
an ‘alkaline earth soap, a soluble salt of the lead-
thallium class, a xanthate and a phospho-cresylic
acid composition, and collecting the non-floated
residue of the separation as a product for cal-
cining.

6. In a process for the treatment of éalcareous
materials containing brucite as an impurity, the
step of floating brucite from a pulp of such a cal-
careou$ material in a froth flotation treatment
by the action of a salt of the lead-thallium class
and a xanthate, whereby a purified calcitic resi-
due may be recovered separate from such froth
product.

7. In a process for the treatment of calcareous
materials containing brucite as an impurity, the
step of floating brucite from o pulp of such a cal-
careous material in a froth flotation treatment
by the action of a hydrocarbon, a cresylic acid
composition, g salt of the lead-thallium class and
a xanthate, whereby a purified calcitic residue
may be recovered separate from such froth prod-
uct.

8. In a process for the treatment of calcareous
materials containing a magnesium-bearing car-

bonate as an impurity, the step of floating said-

carbonate from a pulp of such a calcareous ma-
terial in & froth flotation treatment by the action
of a collector reagent formed by the interaction of
a salt of, the lead-thallium class and a xanthate,
whereby a .purified calcitic residue may be re-
covered separate from such froth product.

9. In a process for the treatment of calcareous
materials containing a magnesium-bearing car-
bonate as an impurity, the step of floating said
carbonate from a pulp of such a calcareous ma-
terial in a froth flotation treatment by the action
of a hydrocarbon, a cresylic acid composition,
a salt of the lead-thallium class and a xanthate,
whereby a purified caleitic residue may be recov-
ered separate from such froth product.

10. The process of purifying calcareous ma-
terials having one or more magnesium constitu-
ents of the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium-bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous
material in finely divided condition in a pulp in
which such impurities are present, selectively
filming such impurities by the action of a cresylic

acid collector and an alkaline earth soap and

collectively floating such impure constituents so
filmed on the surface separate from the calcitic
residue of the pulp.

11. The process of purifying calcareous ma-~
terials having one or more magnesium constitu-
ents of the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium-bearing

-gilicates constituting” impurities therein, which

comprises the treatment of such a calcareous
material in finely divided condition in a pulp in
which such impurities are present, selectively
filming such impurities by the action of a re-
agent formed by the interaction of a salt of the
lead-thallium class and an organic sulphur com-
pound of the sulfide collector type selected from
the group consisting of xanthates, thiocarban-
alide and phosphocresylic acids, and collectively
floating such impure constituents so filmed on
the surface separate from the calcitic residue of

- the pulp.
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“terials having one or more magnesium constitu-

ents of the class of brucite, magnesium-~bearing
carbonates, and anhydrous magnesium-bearing
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comprises the treatment of such a caleareous
magterial .in finely divided condition in & pulp
in which such impurities are present, selectively
filming such impurities by the action of a re-

agent formed by the interaction of a salt of the -

lead-thalllum class and & xanthate, and collec-

tively floating such impure constituents so filmed-

on the surface separate from the calcitic residue
of the pulp.

13. The process of purifylng calcareous ma-
terials having one or more magnesium constitu-
ents of the class of brucite, magnesium-pearing
carbonates; end. anhydrous - magnesium-bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous

material in finely divided condition in a pulp in -

which such impurities are present, - selectively
filming such impurities by the action of a reagent
formed by the interaction of cresylic acid, a
hydrocarbon and an organie sulphur compound
of the sulflde collector type selected from the

group consisting of =xanthates; thiocarbanalide

and phosphocresylie acids, and collectively float-
ing such impure. constituents so filmed on the
surface separate from .the calcitic residue .of ‘the
pulp.

14. The process of purifying calcareous ma—
terials having one or more magnesium constitu-
ents of .the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium~bearing
silicates constituting impurities therein, which
comprises the treatment of such & calcareous
material in finely divided condition in a pulp
in which such impurities are present, selectively
filming such impurities by the action of a reagent
formed by the interaction of a salt of the lead-
thallium elass, cresylic acid and an organic sul-
phur compound of the sulfide collector type se~
lected from the group consisting of xanthates,
thiocarbanalide and phosphocresylic acids, and
collectively floating such impure constituents so
filmed on the surface separate from the calcitic
residue of the pulp.

15. The process of purifying calcareous mate-
rials having one or. more magnesium - constitu-
ents of the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium-bearing
silicates: constituting impurities therein, which
comprises the treatment of such a calcarecus ma-
terial in finely divided condition in a pulp in which
such impurities are present, selectively filming
such impurities by the action of a reagent formed
by the interaction of a salt of the lead-thallium
class, & hydrocarbon, and an organic sulphur
compound of the sulfide collector fype selected
from the group consisting of xanthates, thio-
carbanalide and phosphocresylic acids, and col-
lectlvely floating - such impure  constituents so
filmed on the surface separate from the calcitic
tesidue of the pulp.

16. The process of- purlfying calcareous mate-
rials having:one or more magnesium constitu-
ents of the class of brucite, magnesium=bearing
carbonates, and anhydrous magnesium-bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous ma-
terial in finely divided condition in g pulp in which

such .impurities are present, selectively filming

such - impurities' by the action of a reagent
formed by the interaction of cresylic acid, a hy-
drocarbon and an alkaline earth soap, and col-

-lectively floating such impure constituents so

filmed on the surface separate from the calcitic
residue of the pulp,
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silicates constituting impurities: therein; which -

17. The process of purifying cal¢areous matfe-
rials having one or more magnesium constituents
of the-class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium-bearing sili-
cates constituting impurities therein, which com-
prises the treatment of such a calcareous mate-
rial in finely divided condition in & pulp in which
such impurities are present; selectively filming
such impurities by the action of a reagent formed
by the interaction of a hydrocarbon, an alkaline
earth soap and s xanthate, and collectively float-
ing such impure constituents so filmed on the
surface separate from the calcitic residue of the
pulp.

18. The process of purifying calcareous mate-
rials-having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium-bearing sili~

cates constituting impurities therein, which com-~

prises the treatment of such a calcareous mate-
rial in finely divided condition in a pulp in which
such impurities are present, selectively fiiming
such impurities by the action of a hydrocarbon,

10

15

20

8 cresylic acld composition, a salt of the lead- -

thallium class, and an organic sulphur compound
of the sulfide collector: type selected from- the
group  consisting  of xanthates, thiocarbanalide
and phosphocresylic acids, and collectively float-
ing such impure: constituents: so filmed on the
surface separate from the calcite residue of the
pulp.

19. The process of purifying calcarous mate-.

rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium-bearing sili-
cates constituting impurities therein, which com-
prises the treatment of such a calcarecus mate-
rial in finely divided condition in a pulp in which
such impurities are present, selectively filming
such impurities by the action of an alkaline earth
soap, a cresylic acid collector, a salt of the lead-
thallium class and an organic¢ sulphur compound
of the sulfide collector type selected from the
group : consisting of xanthates, thiocarbonalide
and phosphocresylic acids, and collectively float-
ing such impure constituents so’ filmed on the
surface separate from the calcitic residue of the
pulp.

20. The process of purifying calcareous mate-
rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium-bearing sili-
cates constituting impurities therein, which com-
prises the treatment of such & calcareous mate-
rial in finely divided condition in & pulp in which
such impurities are present, selectively fliming
such impurities by the action of & hydrocarbon,
a cresylic acid collector, an alkaline earth soap,
& salt of the lead thallium class, a xanthate, and
& phosphocresylic acid composition, and collec-
tively floating such impure constituents: so
filmed on the surface separate from the caleitic

" residue of the pulp. .

21. The process of purifying calcareous mate-
rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and- anhydrous magnesium-bearing sili-
cates constituting impurities therein, which com-
prises the treatment of such a calcareous mate-
rial in finely divided condition in a pulp in which
such impurities are present, selectively filming
such impurities by the action of a hydrocarbon, a
cresylic acid collector, an alkaline earth soap, a
salt of the lead-thallium class, and an organic
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rials having one or more magnesium constituents

selected from the group consisting of xanthate,
thiocarbanalide and phosphocresylic acids, and
collectively floating such impure constituenis so
filmed on the surface separate from the calcitic
residue of the pulp.

29. The process of purifying calcareous mate-~
rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium-bearing sili-
cates constituting impurities therein, which com-
prises the treatment of such a calcareous mate-
rial in finely divided condition in a pulp in which
such impurities are present, selectively fllming
such impurities by the action of & reagent of the
collector type selected from the gyoup consisting
of xanthates, thiocarbanslide and phespho-
cresylic acids, collectively floating such impure
constituents so filmed on the surface separate
from the calcitic residue of the pulp and depress-
ing the calcitic constituents during the fiotation
reaction by the action of a calcitic-inhibitor of
the class consisting of alkali phosphates.

23. The process of purifying calcareous mate-
rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium - bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous
material in finely divided condition in a pulp in
which such impurities are present, selectively
filming such impurities by the action of a reagent
of the collector type selected from the group
consisting -of Xanthates, thiocarbanalide and
phosphocresylic acids, collectively floating such
impure constituents so filmed on the- surface
separate from the calcitic residue of the pulp and
subjecting the floated .concentrate of such sepa-
ration to a secondary floation treatment in the
presence of a calcitic inhibitor reagent of the
class consisting of organic colloids.

. 24. The process of purifying calcareous mate-.

rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
bonates, and anhydrous magnesium - bearing
silicates constituting impuritiés therein, which
comprises the treatment of such a calcareous
material in finely divided condition in a pulp in
which "such impurities are present, selectively
filming such impurities by the action of a re-
agent of the collector type selected from the
group "consisting of xanthates, thiocarbanalide
and phosphocresylic- acids, collectively floating
such impure constituents so filmed on the surface
separate from the calcitic residue of the pulp and
subjecting the calcitic constituents: during the
ﬂotz;tgon reaction to the action of an alkall phos-
phate. ' :
25. The process of purifying calcareous mate-

7

of the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium-bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous
maiterial in finely divided condition in a pulp in
which such impurities are present, selectively
filming such impurities by the action of a re-
agent of the collector type selected from the
group consisting of xanthates, thiocarbanalide
and phosphocresylic acids, collectively floating
such impure constituents so filmed on the surface
separate from the calcitic residue of the pulp
and subjecting the caleitic constituents during
the flotation reaction to the action of an organic
colloid, . .
26. In 8 process of treating calcareous mate-
rials, wherein brucite constituting an impurity

is to be removed, the steps of floating brucite .

constituents in a pulp contsining calcareous
material in finely-divided condition by the action
of cresylic acid and a hydrocarbon in a froth
flotation trestment, and controlling frothing by

" introducing an alkaline earth soap into the pulp.

27. The process of purifying calcareous mate-
rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing
carbonates, and anhydrous magnesium-bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous
material in finely-divided condition in a pulp in
which such impurities are present, selectively
filming such impurities by the action of a reagent
formed by the interaction of cresylic acid and a
hydrocarbon, depressing calcitic constituents by

the presence of a phosphatic inhibitor, and col- -

lectively floating such impure constituents so
filmed on the surface separate from the calcitic
residue of the pulp. - .

28. The process of purifying calcareous mate- .

rials having one or more magnesium constituents
of the class of brucite, magnesium-bearing car-
‘bonates, and anhydrous magnesium - bearing
silicates constituting impurities therein, which
comprises the treatment of such a calcareous
material in finely divided condition in & pulp In
which such impurities are present, selectively
filming such impurities by the action of a reagent
of the collector type selected from the group con-
sisting of xanthates, thiocarbanalide and phos-
phocresylic acids, collectively floating such im-
pure constituents so filmed on the surface sepa-
rate from the calcitic residue of the pulp and
subjecting the. floated concentrate of such sepa-
ration to a secondary floation treatment in the
presence of a calcitic inhibitor reagent of the
class consisting of gum arabic. : -
, ARTHUR J. WEINIG,
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