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This invention relates to froth flotation proc-
esses for the concentration of noble and base
metal ores and their products and other mate-
rial amenable to such processes and it has par-
ticular reference to frothing agents used in car-
rying out such processes.

A major feature of this invention is the pro-
vision of a wide range of frothing agents for use
in place of the commonly employed steam-dis~
tilled pine oil and other frothing agents already
known, from which range of frothers a selection
may be made as may best suit the wide and
variable nature and composition of the materials
to be treated by flotation processes. .

The invention provides improvements in proc-
esses of the above kind using as is well under-
stood, any usual promoting reagents such as for
instance xanthates, with if desirable, any usual
well-known conditioning reagents such as acids,
alkalis, salts and so forth, by replacing the well-
known “frothers” such as pine oil, cresols, higher
alcohols and so on, by a single member, a fortu-
itous mixture, or a pre-arranged blend, of a very
wide range of related organic compounds (ex-
cluding sulphur or nitrogen) as hereinafter indi-
cated.

In the said range of related compounds, there
are very wide variations of properties, ranging
from straight froth-producing substanecss,
through frother-collectors, to collector-frothers.
Because of the wide variation of properties, and
because virtually all the individual compounds
are mutually miscible, it has been found practi-
cable to provide a single compound, or a blend,
ideally suitéd to the particular requirements of
any particular industrial flotation process.

The related compounds above referred to com-
prise firstly alkoxy substituted acyclic hydroear-
bons, the unsubstituted hydrocarbon containing
from 4 to 10 carbon atoms, being substituted with
irom 4 to 6 alkoxy groups, having no more than
one disubstituted alkoxy grouping at a terminal
carbon atom of said hydrocarbon, the alkoxy
groups being connected to the hydroearbon by
a C—O—C ether linkage and being selected from
the group consisting of methoxy, ethoxy, normal
Dbrepoxy, isopropoxy, methoxy-ethoxy and eth-
oxy-ethoxy; secondly alkoxy substituted acyclic
straight chain hydrocarbons containing from 4
to 10 carbon atoms in the hydrocarbon chain
and substituted with from 3 to 5 alkoxy groups
and one divalent oxygen, the alkoxy substituents
being connected to the hydrocarbon chain by a
C—O—C ether linkage, having no more than one
disubstituted alkoxy grouping at a terminal car-
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bon atom of said hydrocarbon, and being se-
lected from the group consisting of methoxy,
ethoxy, normal propoxy, isopropoxy, methoxy-
ethoxy and ethoxy-ethoxy. ) .
To give one striking ‘example in connection
with the properties of - such compounds, those
compounds whose properties rate them as “pure
frothers” are usually found to give excellent re-
coveries of easily floatable minerals such as chal-
cocite, but if such compounds are used on an
ore~containing -tarnished pyrite, or pyrrhotite,
the froths are still-of an excellent type, but only
& small proportion of the latter minerals re-
ports in the froth. On the other hand, those
compounds whose preperties rate them as “froth-

‘er-collectors,” are still found to give excellent

recoveries of the chalcocite, but in the case of
tarnished pyrite, it is found that a very large
proportion of the latter mineral reports very
rapidly in the froth, as is implied by the term

“frother-collector.”

Certain of the compounds have the “collect-
ing” property very highly developed, at the ex-
vense of the straight frothing property. The
mineral reports very rapidly but the froth “hangs
back in the machine.” A good example of this is
the tetra-ethyl-ether of pentaerythritol. In such
cases blending-in some of a straight-frothing
compound overcomes the difficulty.

Certain of the compounds have a very pro-

nounced collecting power, and give strong froths,
but there is a tendency for the condition of “over-
oiling” to appear; the remedy being to blend-in
a- compound of, different characteristics. This
tendency to “over oil” appears to be connected
with an “unbalanced” molecular structure, where
the hydrocarbon portion of the molecule is not
sufficiently “balanced” by enough alkoxy substi-
tuents.
" Contrasted with the latter, is the type repre-
sented by 1:2:3:4 t{etramethoxybutane and
1:2:3:4:5:6 hexamethoxyhexane. Both of these
tend to give rather shallow wattery brittle froths;
and it is considered that the alkoxy substituents
are here in excess. The compound of intermedi-
ate structure, 1:1:3:5 tetramethoxyhexane has
much better properties.

Some of the compounds which may be used
according to-the present invention, are solids at
room temperature. However, they function quite
satisfactorily if the crystals are slowly added to
the ore-pulp or the like. Where such method
may be industrially impracticable, the crystals
may be’ dissolved in a small quantity of one of
the liguid compounds. ‘
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It has become clear that the possible permuta-
tions and combinations of flotation properties in
the wide range of compounds comprised in the
definition here given, are extremely numerous.
Actual flotation examples hereinafter set forth
are accordingly intended to demonstrate that:

(i) As widely different classes of compounds
are herein proved it may be reasonably assumed
that the whole range according to this inven-

tion has g distinet value in fiotation processes; and A

(ii) In one section namely the alkoxy-substi~
tuted straight-chain-parafiins, the gradation of
flotation properties has been correlated in con-
siderable detail with gradation in ‘molecular
structure from ethane to octane, and over the
range of substituents methoxy-, ethoxy-, B~
propoxy-, isopropoxy-, and methoxy-ethoxy-.

The structure, which is considered as bring-
ing about molecule frothing or frothing-collect-
ing properties of value, is comprised in the fol-
Jowing, in which the symbol X denotes—

Methoxy CH3;0—
Ethozy C:H;s0
Normsl Proposy CHi.CH2.CH2.0—
Isopropoxy CHa. (I)H. CHa
ke

|
Methoxy-Ethoxy CH3;O0.CHz: CH20—
Ethoxy-Ethoxy CHxCH:0. CH:.CH:0—

wherein symbol Y denotes double-bonded oxygen
and symbol Z denotes hydroxyl:

(i) At least two monovalent substituents X
shall necessarily be attached by the Cc—0—C
(ether) linkage to at least one or more carbon
atoms in any of the straight-chain, branched-
chain or monocyclic structures set out below.

(ii) More than two substituents X are allow-
able; some very valuable compounds have four
substituents and several have been tested that
have six, and it is believed accordingly that
more than six are admissible. )

(i) Tn addition to the substituents X, the
divalent substituent Y above, may be attached
to any single carbon atom. More than one
substituent ¥ may be present.

Gv) In addition to the substituent X, the
monovalent substituent Z above, may be attached
to any single carbon atom. More than one Z
substituent may'be present.

(v) Y ang 7 substituents may not be attached
to the same carbon atom.

The molecular structures above referred to,
are exemplified as follows, it being assumed that
all free valencies on all carbon atoms are satis-
fiedl by hydregen atoms except where the sub-
stituents as X, Y and Z are attached:

‘) Straight chain—Four up to ten carbon
atoms C—C—C—C— . . . &cC.

(il) Bramched chain—From four to ten car-
bon atoms.

(@) Such for instance as isopentane
—C—C—C—C—
&
]
(b) The type represented by neopentane

N/

—C

(¢) And any intermediate types in which the
chain is branched.

(iii) Any of the above structures (1) and G 7

20

25

30

35

40

55

60

65

70

=
o

4

in which two adjacent carbon atoms are linked
by an unsaturated double bong —C=C—.

The following examples of structural types,
the subject of tests already made, illustrate the
wide range of organic compounds which possess
frothing or frothing-collecting properties:
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Before reference is made to tabulations of re-
sults of tests made with a wide variety of or-
ganic compounds, it is convenient to summarize
the essential properties of frothers of interest
in froth flotation processes, when used in con-
junction with any of the commonly known pro-
Imotors and/or conditioners, as follows:

i That a small quantity of the frother per
unit quantity of the ore or other material treated
shall suffice to obtain the desired effect.

ii. Rate of dispersability of the frother in an
aqueous ore or like pulp to which it is added.

iii. “Carrying or collecting power’—a term
already understood in the art.

iv. Selectivity of the frother in its action upon
the different minerals or other substances in as-
sociation with one another in the pulp or the
like, each of which having to be floated and, as
far as possible, floated separately. .

v. Selectivity of the frother in its action as
between minerals or other materials which it is
desired to float, and gangue or the like which
it is desired not to float.

vi. Persistence of the frother in recirculation.

More particularly when straight-chain com-
pounds are used such may be a polyalkoxyparaffin
comprising from a single carbon atom to six
carbon atoms in the paraffin chain (or up to
10 carbon atoms in the chain in certain cases)
with from 4 to 6 or more alkoxy groups at-
tached by the carbon-oxygen-carbon or “ether”
linkage in any positions on the paraffin chain;
the said alkoxy groups being methoxy, ethoxy,
normal propoxy or isopropoxy, methoxy-ethoxy,
ethoxy-ethoxy, or a mixture of said alkoxy
groups.

Diglkoxy paraffins—Although a number of
these compounds are found to be technically
effective, they are weaker frothers than pine oil,
for example, the dialkoxyparaffins:

1:1 diethoxybutane
H H H 0C:H;
é L1
H— —(lz—cl;—c—-H
H H C3Hy
and 1:1 diisopropoxyethane

H
HsC—-(i]?-——CHs

i1
H—?—(']—H
O H

HaC—(:J—CHz
H
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, 6
Dialkoxyparafiins containing upwards of 5 car-
bon atoms in the parafin chain are frothers:
for example the dialkoxyhexane:

il

1 1 11
CHys HHHHH

Trialkoxyparafiins other than 1:1:3 triethoxy-
butane as mentioned in my Patent No. 2,661,251,
have shown marked differences in behaviour as

, for example 1:1:3 trimethoxybutane, 1:1:3 tri-

ethoxybutane, 1:1:3 tri-normal-propoxybutane,
1:1:3 tri-iso-propoxybutane, 1:1:3 tri-normal
butoxybutane, and 1:1:3 tripentoxybutane.
From the fact that the latter two compounds
were found to be virtually useless, it appeared
clear that the number of carbon atoms in the
alkoxy groups should lie between 1 and 3, that
is— . .

Methoxy (—OC3) oo
Ethoxy (—OC:2H5) oo

_effective
Methoxy-ethoxy ) . .
Ethoxy-ethoxy._

Pentoxy (—OCsHu) _______________ }ineffective
Position of alkoxy groups

It has been discovered that the position of the
three alkoxy groups attached to the atoms of the
barafiin chain is not of the utmost importance.
Thus, 1:1:3 triethoxypropane of formula—

O C:Hj ]i:[ 0C:H;
OC:H; H

differing only from the 1:1:3 triethoxybutane by

‘having one less carbon atom in the paraffin

chain was investigated and proved highly effec-.
tive, although other differences were found which
render the selection of the butane as preferable.

Compared to this 1:2:3 triethoxypropane dis-

- played properties very close in all respects to

those of 1:1:3 triethoxypropane, compare:

OC:H; OC:H; OC;H;
H—([) CI)‘ C—H
k I
‘with
OC:H; H OC;H;
Bl —bm
(l) C:H; ﬁ ]%[

The above discovery coupled with another set
out hereinafter regarding the effectiveness of
polyalkoxy-parafiins in which the alkoxy groups
are attached in the 1:1:2:2 position:

1{: X
5bbon
X X

supports the conclusion that the positioning of
the alkoxy groups on the carbon atoms of the
paraffin chain is not a vital factor. .
On the foregoing reasoning it is considered
that the polyalkoxyparafin will be effective when
the paraffin contains from 4 to 10 carbon atoms
and is substituted with alkoxy groups in the
alpha, beta, or gamma positions in relation to
one another, e. g. where X represents an. alkoxy
group:
c C—C—0

Beta | . £ Gamma

C—C—C-—-C
Alphs |

({;_
X X

X
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”
ot in ‘specific cases 1:1:4:4 gamma-tetra-meth—
oxybutane, and 1:2:3:4 tetra-methoxybutane.

Effect of nature of alkoxy group

It was found by experiment on the following
compounds namely:

Trimethoxypropane
Triethoxypropane
Tripropoxypropane
Trimethoxybutane
Triethoxybutane
Tripropoxybutane
Tributoxybutane
Tripentoxybutane
Tetra-ethoxyethane
Tetra-propoxyethane
" Tetra~-butoxyethane

that the butoxy and pentoxy species were useless
and so are excluded and that in each of the
above sub-groups the preperties varied in the
ascending series methoxy->ethoxy—>propoxy and
there was a clear difference between the normal
propoxy and the ise-propoxy cases. Tests have
shown that the substituent methoxy-ethoxy- has
properties very closely similar to those possessed.
by ethoxy-. ‘

Number of carbon atoms in the parafin chain

In the case of polyalkoxyparafins having more
than 4 carbon atoms in the paraffin chain it has
been found from tests on (a} 1:1:3 triethoxy-
hexane of formula

(I) CoHs 1?[ 0 C:Hs :Eli ]?: H
H—?——_?_‘WB"’_?—?_ T
0CH; H H HHEHE

and on (b) the substance 1:1:3 triethoxyoctane
that these compounds are extremely effective
with properties differing from the related tri-
ethoxypropane and triethoxybutane showing
clearly the relationship between properties and
the number of carbon atoms in the paraffin chain.
Thus in the case of triethoxymethane of formula

O CaoH;s
H--C—0C:Hs
QC:Hs

it has been found that this extreme member of
the series of triethoxyparafiins is weak but per-
fectly effective and its observed properties fall in
the deducible place in the series from the single-
carbon methane to the §-carbon hexane.

GENERAL

Supported by results of further tests, the con-
clusion has been reached that all polyalkoxy-
parafiins within the range already indicated in
an earlier part of this specification, and more
particularly set out pelow, are effective flotation
frothers with flotation properties varying in ac~
cordance with the following variables:

i. Number of carbon atoms in the paraffin
chain from 4 to 10 or even more.

ii. Number of alkoxy groups attached to the
parafiin chain from 4 to 6.

iii. Nature of the alkoxy group.

Limited to methoxy, ethoxy, normal propoxy,
isopropoxy, methoxy-ethoxy and ethoxy-ethoxy.

Adverting to the question of properties of any
frother, upon which depend its effectiveness in
flotation processes, the following further obser-
vations are made in relation to the use of the
polyalkoxyparaffins above discussed:

>
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No. 1 —Quantity needed per ton of ore or coal to
produce desired effect

(@) The greater the number of alkoxy groups
the less is this quantity, other structure of the
molecules being equal.

(b) The greater the number of carbon-atoms
in the paraffin chain, other structure of the mole-
cule being equal, the less is this quantity.

(¢) The particular alkoxy group selected from
the possibles, namely methoxy, ethoxy, normal
propoxy and isopropoxy, very markedly aflects
this property; generally, increasingly smaller
quantities are required per ton of ore or the
like as the series is ascended:

—Q CH;, —0 CoH;;, —0 C:Hy
CH3

H

Hs

but occasicnally methoxy-ethoxy- behaves very
much the same as ethoxy-.

—0—

No. 2—Rate at which the (“water-insoluble”)
frother disperses in the aqueous ore-pulp

The tetraalkoxyethanes have been observed
to disperse extremely rapidly, and an increase in
the number of alkoxy groups appears to have no
appreciable effect on this property.

Tt appears that 6-carbon atoms in the chain
determines the practical limit on this property.
It has been observed also that this property ap-
pears not to be substantially affected by change

5 in the nature of the alkoxy group employed.

1:1:3 triethoxyoctane (8-carbon) is rather
slower - dispersing than 1:1:3 triethoxyhexane
but is a practicable commercial substance when
used alone.

No. 3—“Currying” or “collecting” power

This property, which though nearly is not
strictly the inverse property to property No. 1
above:

(a) Increases as the number of carbon-atoms
in the paraffin chain, this increase being very
clear and definite;

(b) Is affected only slightly by changes in
number of alkoxy groups;

(¢) Increases very definitely, other sfructure
of the molecule being equal, in the series—

Methoxy, ethoxy, isopropoxy, and
normal pPropoxy

No. 4—=Selectivity as between fwo or more
valuable minerals which are required to be
flonted as far as possible separately

(@) This property, other sfructures of the
molecule being equal, decreases very materially
in the direction methoxy, ethoxy, n-propoxy, and
isopropoxy, that is to say the property is in in-
verse ratio to property 3 above;

(b) This property is substantially unaffected by
the number of alkoxy groups attached in the
chain;

(¢) This property depreciates, that is selectiv-
ity decreases, with increase in the number of car-
bon atoms in the paraffin chain.

No. 5—The deleterious tendency to float value-
less gangue with valuable minerals, or the like

(@) This property seems fo be especially
troublesome when insufficient alkoxy substituents
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are present on a long paraffin chain; ineffective

in this regard are—

1:1:3 triethoxyhexane
and 1:1:3 triethoxyoctane

On the other hand, this property seems to be
absent from 1:2:3:4:5:6 hexa-methoxyhexane,
and we believe that in this latter case the effect
of the 6 alkoxy groups has overcome it. On many
ores this property is not very serious, but in the
case of base metal flotation, it is an important
one, so that a definite limit has to be set in se-
lecting a suitable species of frother. As is well
known the flotation of a relatively larger amount
of gangue can be tolerated when treating sul-
phide gold ores for the reason that the gold con-~-
tent will be extracted not by smelting the whole
concentrate but by wet lixiviation methods; so
that the limit of five-carbon chains does not
apply, in fact the six-carbon 1:1:3 triethoxy-
hexane has been proved by test to be an extreme-
ly effective frother on sulphide gold ores,

(b) The property again increases markedly as
between the ethoxy and the isopropoxy groups,
other structures of the molecules being equal,
and decreases as between ethoxy and methoxy,
but less markedly.

No. 6 —Persistence of frother in iuater
recirculated to head of circuit

In commercial practice this is a very valuable
property already recognhised in the art. From
visual and other observations the following con-
clusions are reached:

(@) Whereas this property is possessed in a
marked degree by polyalkoxyparaffins containing
methoxy or ethoxy groups it is possessed to g less
marked degree in 1:1:3 triethoxyhexane than in
the other ethoxy compounds; and it appears to
become less marked when treating ores contain-
ing unusually high colloid contents. Polyalkoxy-
paraffins containing isopropoxy groups appear
largely devoid of this property, while normal
bropoxy groups bring about a total deficiency
in this property;

() 1:1:2:2 tetraethoxyethane possesses the
broperty in a marked degree.

From the foregoing it appears that species
which show this property do so by reason of a
lesser degree of adsorption upon the minerals
and gangue, compared with pine oil, for example,
and that species containing isopropoxy groups
and/or long paraffin chain species may be of
little interest per se in processes of certain kinds.

The following three tabulations of data sup-
port the foregoing correlation of molecule struc-
ture within the range of this invention with the
more important of the fotation properties above
discussed which are briefly outlined for case of
reference to the tables:

“Mineral selectivity” varies inversely as the
molecular weight of the alkoxy group. and in-
versely as the length of the paraffin chain.

“Mineral-carrying power” (“collecting-power”)
varies directly as the molecular weight of the
alkoxy group. Isobropoxy confers very much
increased “collecting-power” compared with
nhormal-propoxy. It also varies directly as the
length of the paraffin chain.

“Quantity needed, per ton of ore or coal, to
produce desired effect,” decreases very markedly
as the number of alkoxy groups increases, as the
number of carbon atoms increases from two to
four, except when the four alkoxy groups are
attached in the 1:2:3:4 position; and also as the
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alkoxy series rises through methoxy, ethoxy,
isopropoxy. '

Deleterious tendency to float valueless gangue
varies directly both in the ascending series
methoxy, ethoxy, to isopropoxy-n-propoxy and
as the length of the paraffin chain,

TESTS

Fourteen tests were carried out in a 2,000-gram
Denver-Fahrenwald Flotation Machine, under
rigidly standardised conditions.

The only variable introduced was the different
substance used as frother in each case; the
quantity added was the same in each case, namely
one standard capillary drop at the start of flota-
tion, followed by four standard capillary drops
after removing the primary concentrate for two
minutes; an exception was made in two special
tests, where only one drop was added after re-
moving the primary concentrate.

The ore was of an ordinary type, largely
dquartzitic, with a natural alkalinity of pH 9.2;
the two minerals present were a barren chal-
copyrite and an auriferous pyrrhotite. Grinding
was to 62% minus 200-mesh.

Earlier research had demonstrated that the
pyrrhotite - is peculiarly sensitive to adequate
“carrying power” of the frother; accordingly the
standard conditions for the tests were so selected
that the “Control Test” just did not give optimum
recovery of the pyrrhotite.

The results set out in Tables I, II and ITI, give
full detfails of the tests carried out. It should be
noted that the “Lbs. Pyrrhotite in Residue” are,
under the standard test conditions inversely pro-
portional to the “carrying-power,” or “collecting-
power” of the frother tested.

Additional to those shown in the tabulation,
the " following other polyalkoxyparaffing were
tested, and found to have only.slight value as
frothers. -

1:1:3 triiscbhutoxybutane
1:1:3 tri-n-butoxybutane
1:1:3 tripentoxybutane
1:1:2:2 tetra-n-butoxyethane

The tabulations I, I and III of data correlate
the structure of the various polyalkoxyparafiins
with the three most important flotation prop-
erties.

TABLE I.—MINERAL SELECTIVITY

Ot Bioaten o
re, Floate :
H Ratio
1Ist Con.
Test . Pyrrhotite
No. Frother Used to Chaleo
Pyrrho-| Chaleo.] P¥Tife
tite | pyrite
19 | 1:1:3 Trimethoxypropane...| 40.9 69.2 | .59 to 1.
20 | Triethoxymethane____._____ 49,8 69.5 | .72t0 1.
19 [ 1:2:3 Triethoxypropane__.__ 57.7 72.2 1 .80 to 1.
13 | 1:1:2:2 Tetraethoxyethane | 58.9 67.3 | .87to 1.,
8 | Comml, Triethoxybutane._.| 63.5 70.1 | .90to 1,
14 { 1:1:3 Triethoxypropane. ... 60.8 66.4 | .91to 1,
21 | 1:1:8 Triisopropoxypropane.| . 79.4 75.5 | 1,05to 1.
16 | 1:1:2:2 Tetra-n-Propoxy- 76.6 69.1 | 1.11t0 1,
ethane.
10 | 1:1:2:2 Tetraisopropoxy- 88.2 62,2
ethane, 1.31to 1,
KRR T err— br7| el
:1:3 Triethoxyhexane. __.__ . 3
unl.l Q0umee e 05| o |LBtoL
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TABLE IIL—MINERAL-CARRYING POWER
(Collecting Power)

Pyrrhotite
’ll:Iegt Frother Used Lbs. per
. ton ore, | Percentage
Jeft in | Recovery
Residue
[ SO 1:;1:3 Triethoxyhexane........__ 14.5 92.3
) O 1:1:53 Triethoxyhexane 40% of 25.0 86.0
std. qty.
0. - 1:1:2:2 Tetraisopropoxyethane__ 15.0 01.8
12 - 1:1:2;:2 Tetraisopropoxyethane 36.6 79.0
40% of std. qty.
[ T Comml, Triethoxybutane.---__- 33.5 8.7
) 7 S 1:1:3 Triethoxypropane ... 33.5 82.1
1:2:3 Triethoxypropane - 34.2 80.9
_} Triethoxymethane. ... 88.2 53.1
1:1:3 Trimethoxypropane 91.6 50.0

TABLE FII—DELETERIOUS TENDENCY TO FLOAT
VALUELESS GANGUE

Percent - Gangue in—
2nd. Con.
’I‘Neg Frother Used ok
- %n‘st. sta
on. g

Qty. {3@

Frother| ‘
19 ... - 1:1:3 Trimethoxypropane 13.1 20.6 | _ooooen
- 1:2:3 Triethoxypropane. 13.2 7.6 | oceeam
Triethoxymethane. .. 21.9 20,9 Joecman
1:1:2:2 Tetrasthoxyethane. 15.2 318 jumman
1:1:3 Triethoxypropane. ... 15.2 32.8 ) -
- S Comml. Triethoxybutane _._.__ 18.3 3L7 fouocacan
10..____| 1:1:2:2 Tetraisopropoxyethane.. 23.8 60,9 jomoceaaa
12 |- [ L U, 25.8 oo 41.1
L JO 1:1:3 Triethoxyhesane. ... 22.4 57N P—
b & WU PR do b2 35 I8 (E— 46.1

Adverting to the feature that organic com-
pounds embraced within the wide range herein
set forth and utilizable individually as effective
frothing agents, are readily miscible with one an-
other with the important result that means are
thereby afforded in flotation practice enabling
the frother by selective mixture to be varied in
such a way as to combine in desired proportion
essential properties each possessed by the in-
dividual substances in different degrees to suit
special characterisation of a given ore, coal or
other material to be treated, this aspect of the
present invention will now be more fully dis-
cussed.

From a knowledge of the particular Hotation
properties of individual species in the wide range
of compounds herein set forth, blends of any two
or more of these substances can be produced with
predictable flotation properties.

Advantages accruing from the aforegoing are
very substantial, as will appear from the follow-
ing wherein, for convenience, straight-chain com-
pounds alone are dealt with:

1. Large quantities of cheap species ean be
blended with smaller quantities of expensive
species for economic reasons;

9. Species, one or other of whose properties
exclude or substantially exclude them from the
range of practical effectiveness when used alone,
can be combined to bring such properties within

5 generally to be unacceptable in practice.
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the useful range by intelligent blending of such
species with one another, for example: ’

(g) The six carbon polyalkoxyhexanes are SO
slow in dispersing in the ore-pulp or the like 2s.
It is
possible to blend & six-carbon hexane eompound
with a three carbon pelyalkoxypropane eompound
50 as to provide a blend better than the ingredi-
ents. The same remark applies to those species
comprising more than six carbon atoms in the
chain, which disperse at an even lower rate, ap~
propriate blending overcoming this fault. Other
properties, such, for instance, as strength of the
polyalkoxyhexane constituent of the blend will
not be destroyed by thus blending.

(p) The lower members of the series, such, for
instance, as triethoxymethane and even some, at
least, of the dialkoxyparaffins, which latter are
comparatively cheap, can be brought into the
range of practical utility by blending a suitable
proportion of one of the more effective members
of the series containing 4 or more alkoxXy groups,
and/or five or six or even more carbon atoms in
the paraffin chain.

The possibilities arising from blending as €x-
plained may further bring into the range of
practical utility as frothers, species up to deca-
alkoxydecanes, that is with earbon atoms up {o
10, and with alkoxy groups up fo 10 attached,
for example, 1:1:3:5:7:9 hexamethoxydecane:

CH;0 CH:0 CH:O CH:0 CH:0
BC—C ;) —C——(—C——C—CH
H H H H H H H H H
CH30

as well as intermediate members of the series,
for instance trialkoxyheptane, tetraalkoxyoctane,
and so on.

Adverting to the discussion of the prineipal
practical properties of any frother as appearing
earlier herein—

i. Selectivity as between two or more valuadble
minerals which are required to be floated as far
as possible separately :

This property of selectivity is substantially in-
versely proportional to “collecting-power,” & fact
which opens up wide possibilities in the result of
blending suitably selected compounds.

ii. Deleterious tendency to float valueless gangue
with valuable minerals .

- 1% has already been established that this tend-
ency is proportional fo the number of carbon
atoms in the parafiin chain and is also specifically
possessed by those species in which the alkoxy
croup is isopropoxy. Also there is little, if any,
inerease in this deleterious property as one
increases the number of any specific alkoxy
groups in the molecule.

For the flotation treatment of particular ores
and the like, specific frothers may thus be pro-
duced by blending suitable members of the series
having regard to the foregoing. As is well known,
three main types of ore are met with, namely

(@) Gold ores in which a comparatively smalt
percentage sulphides or arsenides individually’
rich in gold require to be concentrated by flota-
tion, in which case the desideratum is maximum
recovery of these auriferous minerals, while the
fioating of a little extra gangue can be tolerated.

(») Bulk Aoctation of one or more minerals of
one base metal, e. g. copper, in which case while
maximum econemic recovery is naturally highly
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desirable it is absolutely essential that the mini-.
mum of siliceous gangue shall be present in the

triethoxyhexane gave the intermediate figure
67.1% using only two standard volumes.

50

14

TABLE IV—MINERAL:CARRYING POWER

fina] concentrate. (Strongth)

(c) Ores in which minerals of two or more base Lbs, Per.
metals are to be separated as far as possible from 5 per | cente
.each other as well as from the gangue; in which Test No. Frothers Used %’;’agsf f)‘;g *I*g’_
case the desiderata are extreme selectivity cou- left in | cov-
pled with deep and powerful froth while at the Tesidue | ery
same time maximum “carrying-power” is desired ' . ) B
in the second or final stage of flotation. 10 Test2.... {f‘in;“,}%ﬂg;ﬁgg%ggggaﬁzw |jrotals..| .6 769

As regards coal separation the first desideratum (1. e. 1:1'vol. mix)

Is extreme selectivity to permit the separation of - 7Test3..) 1:1:3 %g;ggggggsggggé-g ----- 2o SL1| 6.1
two or more basic types of coal, as for instance, Test 1.... {1:1:3 Triethoxyhexane 1. }TOWI 4.0 5.4 629
ucokingn and “non—coking” coal. ’ (i. e. 3:1 vol. mix) ‘

The following examples illustrate the advan- 15
tages obtainable by the use of frothing agents TABLE V—TENDENOY T FLOAT VALUELESS
obtained by selective admixture of two or more :
polyalkoxyparaffins in accordance with the pres- Nos.of | Percent
ent invention. Drops | Gangue

Tests were carried out in rigidly standardized 20 ’II\‘th Frothers Used —
conditions using the well known promoting ) 15t | ond | 15t | 20a
reagent “301” at a natural pH of 8.0 in a standard- Con. | Oon. | Con. |Gon,
2,000 gram Denver-Farenwald flotation machine.

The ore used contained 150 lbs. per ton pyrr- Test 3..| 1:1:3 Triethoxyhexane._.____ 1 1287 |42.4
hotite and 13 1bs. per ton of chalcopyrite and con- 25 Test1 {%12 %ﬁggﬁggggggggeyzl% } 2 {1%}2 29.8 |41 3
tained a rather unusually large proportion of CQmml(i' 'ﬁigéi nggltg)ml/ :
reactive true colloid. " Testo.|{&omml, - g 2352425

Standard tests using pine oil as frother have {1'1'3 %Klg.ﬂi?f%%? iaﬁl&)% """ } {1}
given very poor results. It had been established
by experience that each and all of the numerous 30 TABLE VI
tested polyalkoxyparaffins were ‘completely mis- '
cible with each other. . ‘ i

The results set out in Tables IV, V and VI, are %?;'f?g;tg‘a“igf Rai
based upon two specific blends of frothers and Test No.of| IstCom. o n e
they illustrate how (First test) 1:2:3 triethoxy= 35 o Frothers Used '| p2i o onale
propane’ whose properties used alone made it Pyr. | Chal- | 02.00Py-
unsuitable for sulphide gold ores has been con~" rhotite | 5903 ‘
verted into a frother of great effectiveness for
such ores by blending in the substance 1:1:3 tri- Comml, Tri-| 3 .
ethoxyhexane in the proportion of 1 volume of the 40 Testa {1,‘5?1330"%;‘3&%;‘;; 1t l| 28.3¢ 10771 2.63t0 1,

X i1 W b3
latter to 3 volumes of the former; and how (Sec- hexane,
ond test) by mixing equal volumes of 1:1:3 tri- B P R |
ethoxybutane with 1:1:3 triethoxyhexane the  Test1--1Ps Riothoxy. 2| 38.96| 1.2 |348t01;
resultant blend was such that three standardized g5 ﬂ:{’?gan,ﬁﬁethoxy_ I - 1070 | 882t01,
volumes gave 76.9% recovery of- the valuable 45 . hexane. . ‘ . ‘
mineral pyrrhotite while 4 standard volumes of
1:1:3 triethoxybutane only gave 61.3% recovery; Further test results embracing the use of
while another test (test No. 3) using pure 1:1:3 numerous representative organic compounds

within the scope of this invention are now
appended as Tables VII to- X inclusive,

TABLE VII

Standardised, strictly comparative, flotation tests in a 2,000-gram ‘Denver-Fahrenwald magchine, on a gold, chaleopyrite, pyrrhoiite
Grind 45 minutes with 4 grams lime and 0.30 4
2 minutes froths designated as ‘‘ First Cons.”

ing approximately 16.8 dwts. Ace.
and the Frother as stated, at start.

Ore assay-
0.10 gram Sodium-sec-butyl xanthate -

gram copper sulphate.
Then 0.25 gram of the same xanthate, and the Frother as

stated. 5 minutes froths designated as *“Second Cons.” Residual pulp washed out of machine, designated as ‘‘Tailings.’
Products Percent Weight Assays of Products
Units of Sulphur Percentage of Total -
P t Sulph Dwt. (Percent X assay) Sulphur
Test No. ) ercent Sulphur Gold
st 2nd Tail-
Cons. | Cons. | ings st ond Lt
S . ili s 2nd s Cal. ist o0 .
Cons. | Cons, | Tallings | Tailings | 7 Gons. | Tailings | ‘&2 Cons. | & 1:(115 . Tail
7.03 6.22 ] 86.75| 20.65| 23.62
8.74 3.62 | 87.64 | 28.28'| 20.32
7.75 3.22 | 89.03 | 27.19| 17.57
7.13 6.27 | 86.60 30.07 | 20.87
7.00 6.25 | 86.75| 29.66{ 21.01
6.92 6.37 | 86.71 | 27.057| 20.60
6.16 6.72 | 87.12 | 19.88 | 29.38
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Quantity of Sub-
stance added
Test Na. Substance used as Frother Remarks
1st | 2nd
Con. | Con. Total :
| cc. | ce. cc.

PXX 1. ... Commereial 1:1:3 Triethoxybutane_._| .028 | .042 _p7e | Control-test: Froth a little water, but active. Persistent.

PXX2..___. 1:1:3 Trimethoxybutane. __.___._.___. ‘0561 .08 .140 | Extremely aetive and .strong. Highly persistent. A smaller
. quantity would have sufficed.
PXX3. ... 1:2:3:4 Tetramethoxybutane. ...~ 064 | .086 | 160 W%Lk,vv:at%ry and shallow, Clearly larger quantity needed.
) ersistent.
PXX 4 {1:2:3:4:5:6Hexamethoxyhexane. } o056 | Losa 40l A mixture of T1% of the First Substance and 20% the second.
PHememes 1:2:3:4:5 Hexamethoxyhexanol.. g . . ATl characteristies very similar to “‘Contrel Test.”
PXX6.__... A" high molecnlar-weight highly | .032 048 080 | Froths tough and guminy: non-persistent. Intense flacculation
ethoxylated parafin -of -unknown of mineral. ‘‘Resins”’ present.
detail composition.
PXX9 ... “Ethyl-Beta-Ethoxy-Crotonate.......- .030 | .045 075 | Just liquid at room temperature. Conditioning time about
: 1 as fort‘Pine 0il. Very strong, deep, active {roths. Very per-
1 _sistent.
PXX 10.-...} 1:1:3 Triethoxyoctane........--c------ .014 | .028 .042 | Conditioning time rather langer than for Pine Oil. Intensely
mineralized small-bubble froths, with a-tendency to “gyer-oil”
even in this very small quantity.

TABLE VIIL—A CHALCOPYRITE-PYRRHOTITE ORE

: Lbs. Valuable Min- | Percent Recovery
Product Mineral Gradeof Product ) “orai per Ton Ore Mineral
Percent-
Substance tested as Frother Produet Wageht P ol p . Percent .
elg] ercen ercen “ _ . ~ _
of Ore | Chalco- | Pyrrho- vﬁgs';e Ghaligg Psgégo Ghali%g P 3&'{}10
pytite | tite | gamsue| o byt e

1st Cone.. 4.15 13.1 55.5 314 0.9 46.1 83.1 36.5

2nd Cone 5.22 0.8 4.5 34.7 0.8 67.4 6.5 52,0

11.5.5 Tetra-Ethoxy-Pentane [{Combined Cones.. 9.37 6.2 80.5 33.3 1.7 113.5 89.6 87.5
(Pure), 0.028 ce. Residue_________.. 90. 63 0.08 (13523 1 SO, 1.4 51550 2 DU SR
Calenlated Ore.___| 100.00 (.65 6.49 }ocnaeo e 13.1 129.7 {e o cmo e f ez

Ist ConG...__..... 3.85 13.9 . §0.7 35.4 10.7 39.1 8.5 28.8

2nd Cone._ ... 5.28 1.3 63.7 35.0 1.4 67.3 16.5 49.5

Pine 0il (Steam Distiiled), 0.076 ce... Combined Cones.. 9.13 6.6 58.2 35.2 2.1 166.4 920 78.8
Residue - .oconceee 90. 87 .08 1.62 11 P I T [,

Calculated Ore....{ 100.00 (.66 8.73 13.2 T IR S P —"

1st Cone...._. - 3.24 9.1 B4 12. 4 33.3 86.2 22.6

2nd Cone.oocuo e 5.15 1.6 6.5 1.6 68.5 L2 46.7

1.1.2.2 Tetra-Ethoxy-Ethane, .051 ec.|{ Combined Cones.. 8.39 8.3 80.7 14.0 101.8 97.4 69.3
Residue o ....cooo g1.61 0.03 - 2. 53 0.4 45,6 {ooocmamccn] e mnmmm—-

Calculated Qre-.._| 100.00 071 7.37 14,4 b U2 S S S

Note.—In all three tests the froths swere excellent, though the pine oil frother
property, on the mineral pyrrhotite, of the 1:1:5

ethoxy-ethane.

:5 teira-ethoxy-pentane, as.-comp

was less persistent th
ared to the lack of “‘collecting”

an the other two. Note the “collecting”
property of the 1:1:2:2 tetra-

TABLE IX.—STANDARD FLOTATION TESTS I?ANBA CHALCOPYRITE-PYRRHOTITE ORE IN A 2,000 GRAM

. MACHINE
. ; Lbs. Mineral
Percent Mineral Grade of Produets | perTon Ore
Substance used as Frother Product er%ght Froth type
. of:Ore _ . ]
%l;ﬁgg P}gggo Gangue| Chal. | Pyrr.
O C3H;
1st Cone..- 3.87 14.0 38.7 47.3 10.9 20.9 | 0.014 ce. for Ist, con. was
H H Z 5.94 0.5 61.1 38.4 0.5 72.6 slightly too little. Mids
X.1. Hg—C—C—C 9.81 5.8 52.3 41.9 1.4 182.5 very deep, active and
H AN 90.18 0.09 1.86 §ocmmnan 1.5 33.6 persistent.
0 CeH;s 100 0. 64 6.80 |-ccnmenn 12.9} 136.1
QC:H;
beta beta diethexy butyrate (0.042
ee.).
0 C:Hs ? CaH;
H: CH; 3.15 15.8 49.8 3.6 9.8 31.4 | A dead type hanging back
3.25 1.8 68.8 29.4 1.2 44.7 in cell. “‘Collecting”
X.3. 6.40 8.6 - 50.5 3t.9 110 76.1 power is, however, there.
P 93. 60 (.08 . —— 1.4 61.2
H;C (lJHz 100 0.62 12.4 | 137.3
(B C2Hs OCHs
tetra ethyl ether of pentaerythritol
(0.050.cc.).
1st Cone. .. 3.86 13.1 48.7 38.3 10.1 37.6
A blend of 80% of the latter with 20% i{2nd Cone. 2,94 1.3 71.5 27.1 0.8 42,1
of Commercial Triethoxybutane {3Camb. Cone. 6.80 8.0 53.4 33.5 10.9 79.7 | Normal.
£0.060 cc.). 1Residue._. 3. 20 0.09 B3.25 {eamnn 1.7 60.6
Cale. Ore. z 100 0.63 4512 % PR 12.6 | 140.3
1st Cémc,. e 3. 82 13. g 53‘ 7 35.4 1(1]. Z %%13
bt . s - ond Cone_ .. 5.2 1. 63.7 . L
Steam-distilled Pine Oif (0.076¢c.)-—NGomp. Cone 1| 9.13 6.6 8.2 12,1 | 106.4 Do.
Residue. oo 90.87 0.06 1.62 1.1 29.5
Cale. 016 caunn 100 0.66 6. 79 13.2 | 135.9
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TABLE X.—RESULTS OF THREE STANDARDISED LABORATORY TESTS IN 2,000-GRAM FLOTATION
‘ MACHINE UPON A REFRACTORY GOLD-COPPER ORE

Grade of Product
Percent Valueless
Gangue
Produet Percent Chalcopyrite ) Percent Pyrrhotite
Test 9 | Test 16| Test 17| Test 9 | Test 16 Test17| Test 9 | Test 16 | Test 17
7-minute Concentrate 7.48 8.69 8.32 | 53.93 | 62.27 | 60.66 38.59 | 29.04 31.02
Residue..._.__.____ 0.038 | 0.038 | 0.020 2.970 | 1.892 2. 533 P PO
Calculated Ore Feed ... - "TTTTTTTC 0.677 | 0.753 | 0.717 | 7.343 | 6.851 | 7.872 | _|oTTTI|TTToo
Test 9 Test 16 Test 17
Gold left in Residue: per ton ore feed. -.__.eeooooe oo e 121 115 115
Lbs. Mineral/Ton Ore in Product Percentage Recovery of Mineral -
Product Chalcopyrite Pyrrhotite Chalcopyrite Pyrrhotite
Test 9 | Test 16| Test 17| Test 9 | Test 16 Test 17{ Test 9 | Test 16| Test 17| Test 9 Test 16 | Test; 17
7-minute Concentrate..___ 12.84 1 14.36 | 13.97 | 92.54 | 102.87 | 101 79 94.8 95.3 ' 92. 4 63.0 75.1 69.0
Residue___.__.._______ 0.70 0.70 0.37 | 54.32 ) 34.15 | 45.64 5.2 4.7 2.6 37.0 | 24.9 31.0
Calculated Ore Feed 13.54 1 1506 | 14.34 | 146.86 | 137.02 147.43 | 100 - 100 100 100 100 100
Test 9 Test 16 Test 17
Sodium-sec-butyl Xanthate added: grams.._________ 0.85. 0.85. . 0.35

Frother added:
Drops..

Actual weight Residue.____
Percent Weight Residue._ .
Actual weight Ore Feed._
Percent Weight Ore Feed. . ___

1:1:3:2 Tetra-(othory. | 1:1:3:2 Tetra-Ethoxy-
1e.

Etha
166.

Ethoxy)-Ethane.
162

REMARKS

1. Clearly the (methoxy-ethoxy)- substituent in a

2. This is remarkable, seeing
eat.

& 3. In spite of the fact that the molecular weight of the

compound, the “strengths’ of the two are very

Yet 1:1:5:5, tetra-ethoxy-Pentane is t

the “strength” is proportional to the length of the paraffin chain,

paraffin

confers properties very
that differences between methoxy-, ethoxy-, isopropoxy-, and butoxy- have been found to be very

similar (i. e. quantity nes
quite three times as strong as ei

close to those conferred by ethoxy-.

(methoxy-ethoxy)-compound is 328, vs. 206 for the corresponding ethoxy-
ded to give same flotation results),
ther, though its molecular weight is only 248, Obviously

4. Both viscosity and density are clearly greatly increased by the Presence of the (methoxy-ethoxy)-substituent.

We are aware that the use of certain alkoxy-
paraffins in flotation processes forms the sub-
ject of one or other of Union of South Africa
patent applications Nos. 2,197/48 and 2,709/48,
these applications corresponding to U. 8. Pat-
ents Nos. 2,561,251 and 2,591,289 in the joint
names of the applicant R. P. Powell herein, and
others.

What we claim is:

1. A method for concentrating minerals by
flotation comprising the steps of adding to the
mineral pulp a small quantity of an alkoxy sub-
stituted acyclic hydrocarbon as g frother, the
unsubstituted hydrocarbon containing from 4 to
10 carbon atoms, being substituted with from 4
to 6 alkoxy groups, having no more than one di-
substituted alkoxy grouping at a terminal carbon
atom of said hydrocarbon, the alkoxy groups be-
ing connected to the hydrocarbon nucleus by a
C—0—C ether linkage and being selected from
the group consisting of methoxy, ethoxy, normal
propoxy, isopropoxy, methoxy-ethoxy and eth-
oxy-ethoxy, and thereafier subjecting the result-
ing mixture to o flotation operation.

2. A method for concentrating minerals by flo-
tation comprising the steps of adding to the
mineral pulp a small auantity of a frother which
is an alkoxy substitute acyclic straight chain hy-

50

55

60

70

drocarbon containing from 4 to 10 carbon atoms
in the hydrocarbon chain and substituted with
from 3 to 5 alkoxy groups and one divalent oxy-
gen, the alkoxy substituents being connected to
the hydrocarbon chain by 8 C—O0O—_C ether link-
age, having no more than one di-substituted
alkoxy grouping at a terminal carbon atom of
said hydrocarbon, and being selected from the
group consisting of methoxy, ethoxy, normal
bropoxy, isopropoxy, methoxy-ethoxy and eth-
oxy-ethoxy and thereafter subjecting the result-

" ing mixture to a flotation operation.

3. A method for concentrating minerals by flo-
tation comprising adding a frother to a mineral
bulp, said frother being a member of the class
consisting of an alkoxy substituted acyclic hydro-
carbon, the unsubstituted hydrocarbon contain-
ing from 4 to 10 carbon atoms, being substituted
with from 4 to 6 alkoxy groups, having no more
than one di-substituted alkoxy grouping at a ter-
minal carbon atom. of said hydrocarbon, ang an
alkoxy substituted acyclic straight chain hydro-
carbon containing from 4 to 10 carbon atoms
in the hydrocarbon chain and substituted with
from 3 to 5 alkoxy groups and one divalent oxy-
gen, the alkoxy substituents being connected to
the hydrocarbon chain by a C—O—C ether link-
age, having no more that one di-substituted al-
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koxy grouping at a terminal carbon atom of said
hydrocarbon, and being selected from the group
consisting of methoxy, ethoxy, normal propoxy,
isopropoxy, methoxy-ethoxy and ethoxy-ethoxy
and thereafter subjecting the resulting mixture
to a flotation operation.

4. A method for concentrating minerals by
flotation comprising adding to & mineral pulp 2
small quantity of beta,beta diethoxy ethyl butyr-
ate as a frother and thereafter subjecting the
resulting mixture to a flotation operation.

5. A method for concentrating minerals by
flotation as claimed in claim 1 comprising adding
t0 5 mineral pulp a small quantity of hexa meth-
oxy decane 2s a frother and thereafter subject-
ing the resulting mixture to a flotation opera-
tion.

6. A method for concentrating minerals by
flotation as claimed in claim 1 comprising adding
to a mineral pulp a small quantity of an alkyl
ester of a diethoxy substituted fatty acid as 2
frother and thereafter subjecting the resulting
mixture to a flotation operation.

10
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7. A flotation method as in claim 3 wherein a
blend of different frothers each in accordance
with the frother formulation of claim 3 is em-~
ployed.

8. A method as in claim 7 wherein one of said
frothers in the blend is a solid substance and the
other of said frothers is a liquid substance.

9. A method as in claim 3 wherein the frother
is a tetra alkyl ether of pentaerythritol.

10. A method as in claim 3 wherein the frother
is 2 1,2,3,4 tetra alkoxy butane.
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