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Certain alkyl-substituted triphenyl methane
dyes are shovwn to act as collectors in the flot-~
ation of chrysocolla, a hydrated, partly colloildal,
copper g8llicate mineral.. Colloldal minerals have the
property (1) of combining selectively with basic dyeco
of the triphenyl methane type. The attractlon of
crystalline minerals for these dyes 1s much less.
This affords the tasis by which chrysocolla can be
separated from a guartz gangue.

Two types of substituted dyeé are synthesized
and used, namely: an alltyl-substituted malachite
green type; and an alkyl-substituted rosaniline type.

The exact chemical structure of these dyes 1s
considered secondary in importance to thelr property
of causing the flotation of chrysocolla. Thelr
structure 1s assumed on the basis of tunelr properties
as dyes, tuelr method of preparation, and the inter-
mediates used.

The malachite green type includes a homologous
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alkyl-benzenes (2) (3) through the formation of a p-
alkyl-phenyl-aldehyde (4). The aldehyde 1s then reacted
wlth dimethyl aniline in a reaction,typical to the form-
atlon of the ordinary malachite green dye (5).

The dye called octyl-rosaniline 1s the only one of
its type used. Wlth octyl benzene as a reactznt, o-
nitro-octyl benzene (6) is formed and reduced to the
amine (7). Aniline 1s then reacted with o-octyl aniline,
in a typical dve-forming process,.to form octyl-rosani-
line (8).

The allryl-substituted dyes are used as collectors
in tests on a 100-gram flotation cell. A synthetic
mixture of 1 gram of chrysocolla and 99 grams of gangue
are consldered as standard for the tests. It contalns
.235 percent copper. Pine oll 1s used as a frothing
agent .

Results show that octyl-malachlite green has possib-
ilities for use as a commerclal flotatlon agent. On a
single flotation, a 64 percent recovery of copper is
obtained when the assay in copper of the concentrate 1is
Increased eight to nine times. Elther the percent recov-
ery, or the assay of the concentrate can be 1lncressed,
but at the expense of the other. The most successful
teste are carried out at a pH of about 8, with a silica

gangue. They show that the flotation 1s possible.
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Because of clay mixed with the carbonate gangue, satls-
factory separation can not be made from these materlials.
Tests on the other substlituted dyes are less favorable
than those on octyl malachlite green. |
Optimum conditions for the process are not deter-
mined. BSatisfactory flotatlion takes place bhetween
rather narrow 1limits and 1s influenced by many factors.
This 1investigation, by certaln tests, does polnt out the
need for further investigation. Among these lmportant
factors are the need of suitable depressants for not
only colloidal minerals, such as clay, but also carbon-
ate minerals and quartz; pH regulation wlth alkaline
materialg; the rate of addition of the collector; a
further increase in the length of the substltuted alkyl

chain; and increase in the assay of the feed material.
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INTRODUCT ION

Froth flotation 1is used for the separatlion and
recovery of many minerale. The method 1a particularly
well adapted to the recovery of the insoluble sulphldes
of metals, but 1s also extended to the separation of

numerous other compounds. Some minerals, however,

these 18 chrysocolla, a hydrated copper sillicate.

The flotation operation requires the use of sult-
able reagents. In consideration of both experimental
investigation and commercial ore dréssing practice, it
1s evident that a new flotation agent, particularly
apﬁlicable to chrysocolla, would have wlde spread

applicatlion.

PURPOSE AND SCOPE

The purpose of this investigation is to show that
certalin alkyl-substituted triphenylmethane dyes act as
collectors in the flotation of chrysocolla.

Substituted dyes of both the malachlte gfeen and
rosaniline types are used in the work. Three dyes of a

malachite green homologous series are used. For identi-



fication, they are called butyl-malachlte green, hexyl-
malachite green, and octyl-malachite green. The single
dye of the other type which is used 1s called octyl-
rosaniline. Nelther the preparation nor the use of
these dyes 1s apparent in the literature. Thelr prep-
aration ls necessary. An outline of the prqcedure used
for the preparation of these dyes l1ls given in the
appendix.

Certain conditions which influence the flotatlon
results are investigated. The relatlve value of these
gubstituted dyes as flotatlon agents 1s then determined
on selected synthetlic mixtures. Since chrysocolla 1s
assoclated with commerclal minerals of both acldic and
basic nature, the tests are made with synthetic mix-

tures contalining either sgilica or carbonates.

THE FLOTATION PROCESS

From the standpoint of the tonnage of ore treated,
flotation is one of the most important of ore dressing
processes. Relatlively low grade ores can be economi-
cally treated. It 1s to be expected that the impor-
tance of flotation processes will increase with the
decrease 1ln the availability of rich ore. |

Froth flotatlion had its beginning in 1906 when
Sulman, Picard and Ballot (43) and likewise Chapman

(8) applied violent agltation to an aqueous suspension



of ore and caused & separatlon of minerals. Since
that time development has been rapld. Many publica-
tlons, among which are those by Taggert (45), Gaudin
(28), Wark (49), Petersen (36), and DeWitt (17) clear-
ly set forth both the princlples and practlice of froth
flotation. It 1s carried out in an aqueous suspension
of finely ground minerals into which air bubbles are
Introduced. Certain minerals have a greater attrac-
tlon for the alr bubbles than for the water and become
attached to the bubbles. The mineral clad bubbles
then rise to the surface and are skimmed off as a
froth. An addition agent must be added to the cell to
form a more permanent froth; Other reagents are usu-
ally added to aid in a better separatlon of ore and
gangue. These reagents have the specific purpose of

rendering the ore more, and the gangue less flotable.

Frothers

The purpose of a frother 1ls to form a more or less
- 8table froth on the surface of the pulp. Ore parti-
cles attached to the bubbles are thus drained from the
cell with the froth.

They functlon by decreasing the surface tension.
DeWitt (17) states that the frothing agent with the
most negatlve slope of surface tenslon-molal concen-~

tration curve, in general, shows the greatest frothing



power.

Structurally frothers are polar compoundb compos-
ed of an oil soluble hydrocarbon group and a water
soluble group. The oil soluble group may be an alkyl
chain containing about ten carbon atoms. The water
soluble group may be one such as the hydroxyl-, car-
boxyl-, aldehyde~, carbonyl-, amido-, or amino-group.

Some of the frothers commonly used are pine oll,
eucalyptus oll, cresylic acid, terpineol, amyl alcohol,
cresol, and soaps. The frother should not act as a
collector. It should not be used 1n excess. It has a
tendency to coat the ore particles to the exclusion of
the collector and thus decrease ilotation (24). The
amount used as mentloned by Taggert (45) lies between

.05 and .20 pounds per ton.

Collectors

Some mlinerals, among which are graphite and sul-
fur, inherently possess a surface which has an attrac-
tion for an alr-water interface. These materlals are
collected by the rising air bubbles iIn a flotatlon
cell. With the aid of a frother, they are carriled
from the surface as a concentrate.

Most minerals do not have this surface property.
They are more easlly wetted by water than by ailr. If,

however, a hydrdéarbon surface or fllm can be formed



on the mineral, the particle then tends to be collect-
ed by the bubbles.

The function of a collector 1s to attach itself
to the mineral and present an outward oilly fllm to the
ailr bubble. One end of the collector molecule contains
an active polar group; the other end contalns a hydro-
carbon chain. The chemical structure of collectors is
similar to that of frothers. The length of the hydro-
carbon group on a collector which permits flotatlon,
depends upon hoth the mlineral to be recovered and upon
the active polar group in the collector molecule. A
xanthate collector may be effectlive with a methyl sub-
stituent; soap or an amino-collector may require a
lauryl-group.

There are a great number of compounds that would
serve as collectors but only relatively few are used
commerclally. The two general types of collectors
used are negatlve or anlonlic reagents, and positive or
cationlc reagents.

The anionlc reagents lonize 1lnto negative organic
lons and positive metal or hydrogen lons. The organic
anlon can be considered to comblne with the metal atom
of the mineral. When the compound, assumed to be form-
ed by the organic anion and the metal is insoluble,
flotation can be expected. If thls compound is solu-

ble, poor collector action, if any, takes place.



Taggert (46) advances the ldea that a compound is
formed, and that adsorption of the collector on the
mineral 1s of minor importance. Under these condl-
tions, the mineral must be soluble enough to react
with the collector but the product formed must still
be insoluble.

Common anlonlic collectors are Xanthates, mercap-
tans, thlophosphates, alkyl sulfates, alkyl sulfonates,
allphatlc acid soaps, and fatty aclds.

The catlonlc reagents form positive organlic lons.
This positive ilon is formed either by the loss of a
negative ion such as a bromide, or by the additlon of a
hydrogen ion, as in the case of amlines. The positive
organic lon then reacts with a negative lon of the
mineral. This, as 1in the case of anlonic reagents,
results In a hydrocarbon film on the mineral éurface.

Cationic reagents have an attraction for minerals
of an acidic nature. They can be used to collect sll-
lcates and silica. Ralston (39) shows that a butyl
amine willl cause the flotation of talc, while a lauryl
or stearyl amine 1s necessary for quartz.

Among the catlonlc reagents are alkyl pyridinium

halides, quarternary ammonium compounds, and alkyl

amines.



Activators

| Heavy metal sulfides are qulte readlly caused to
float by the use of a xanthate collector. The oxldiz-
ed minerals do not have thls property. The surface of
many of these minerals can, however, be activated by
the use of a sultable reagent, so that 1t 1s susceptl-
ble to the collector action.

Petersen (38) outlines the procedure for sulfid-
1zing ox1dilzed ores wlth alkall sulfides. When a
sultable sulfide coating is formed, the mineral may be
recovered by xanthate flotatlon. The sulfide of somer..
metals, such as zinc, are themselves too soluble to
respond to this treatment. Zinc blende, on the other
hand, treated with copper sulfate, forms a surface of
copper sulfide which 1s then amenable_to xanthate flo-
tation. The criterion for activatlon 1= the abllity
of the freshly formed surface to form an insoluble

compound with the collector.

Depressants

When two minerals of a mixture are normally con-
centrated 1n the froth together, depressants can some-
times be used to restrict the flotation of one of them.
The actlon of the depressants should be specific.
Thelr concentration in the pulp must be closely govern-

ed because an eXcess may cause complete depression of



the minerals.

Taggert (45) has classified the types of depres-
sant actlion as follows:
1. Formation of an insoluble salt which 1s inactive
to the collector. The heavy metals may form the hy-
droxide, carbonate or silicate. The alkallne earth
metals may form the phosphates, sillcates or fluorides.
2. Closure of the surface agalnst collector actlon.
The use of alkali sulfides may produce a surface which
is too 1nsoluble.
3. HNullification of the collector coating. A protec-
tive collold may cover the surface.
4. Dispersion Gangue and slime particles may be dis-
persed by the presence of lons of hilgher valence.
5. Resurfacing to produce water-avidity. Hydrophllic

collolds may coat the mineral particle.

Factors Infiuencing Catlionic Flotation

The alkyl-substituted triphenyl methane dyes
which are used in this investigatlon belong in the
clagsificatlon of cationic collectors. For thils rea-
son, factors which influence cationic flotatlon are

stressed. 1In many cases, the observatlons apply to

all flotation.



Partlcle Size

In the first place, the ore must be ground to such
a fineness that particles of the valuable mineral are
geparated from the gangue. In the second place, the
particles must be of sufflclent fineness soc that the
bubble can ralse them through the suspension. Thils
depends to a great extent upon the speclflc gravity of
the mineral. Thirdly, the particles must be small e-
nough so that the hydrocarbon chalns of the collector
furnish sufficlent bond with the air bubble.

In a survey of American flotatlion practice,
Petersen (37) shows that the usual particle size var-
ies between 50 and 100 microns. This corresponds to
about 150- to 300-mesh.

When the partlcle size 1s decreased to below 5
microns, a slime 1s formed, which does not respond to
flotation action. The slime may go to the 1interface
and increase bubble toughness or because of 1lts large
surface area, it may use up an undue amount of collec-

tor. In flotation practice, removal of the slime 1is

advisable.

Pulp Density
An increase in the apparent density of the pulp

causes particles to rise to the surface more easlily.

Thus a higher concentration of minerals in the suspen-
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sion tends to ald flotatlon but it also lncreases the
harmful effects of slime. The usual amount of sollds
present in the pulp varles from 20 to 30 percent for

optimum conditions.

Addltion of Reagents

Reagents are usually added to the pulp in the or-
der: conditioning agents; collector; and finally,
frother. )

Fahrenwald (24) shows that the frother contami-
nates the mineral surface, tending to exclude the col;
lector. For this reason, it should ordinarily be add-
ed last and in small amounts.

For cationic collectors, the time and rate of ad-
dition of the reagent has an lmportant influence on the
flotatlon results. An excess concentration of cationlc
collector in the pulp at any time must be avoided.

Wark and Wark (48) explain this phenominum by the for-
mation of collector micelles at a certaln critical con-
centration. Dean and Ambrose (11) suggest that since
all cationic collectors are good emulsifylng agents, an
excesé removes the water-repellant coating from the
particles.

Dean and Ambrose (11) also offer data to show that
a conditionling period for certain cationic agents may

serlously decrease the extent of flotation. The rea-
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gent 1s more effective immediately after addition than
any time later. Thelr data show that a 90 percent
yield may be decreased to 1O percent bj an 8 minute con-
ditloning period before flotation.

Small changes in pH may have profound influence on
the flotabllity of many minerals. Charts by Dean and.
Ambrose (13) show that sillicate minerals and silica are
generally recovered with catlionlc agents within a pH
range of 6 to 8. At a pH of about 4, they are usually
depresged. Hydrofluoric acid has the speclfle property
of depressing quartz at a pH of 3 whlle allowlng the
flotatlion of feldspar.

Flotatlon of Gangue Materlals

Since carbonates, silicates, and slllica are en-
countered as gangue material, thelr action toward flo-
tation proceduré may be lmportant in the use of the
alkyl-Substituted dyes as collectors. MUNost of these
minerals can be removed from certain mixtures by pres-
ent flotatlion procedurs.

The carbonates are basic materials which quite
readlily combine with anionic or negative collectors.
The Breerwood process (22) for adjusting the composi-
tiqn of cement rock is an example of the flotation of
calelte from sllicates and clay with a fatty acid as

collector.
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Data on the depression of limestone when using the
cationlc collector, lauryl pyridinium iodide, are given
by Clemmer and Ambrose (9). Lactic acld, sodium sili-
cate, sodium hydroxide, and copper sulfate all are
shown to serve as depressing agents.

Quartz and sllicates, on the other hand, are acild-
lec materials which cannot be expected to combine di-
rectly with anionic collectors. They do, however, com-
bine directly with the cationic positive-ion collectors.
Ease of flotation depends upon the mineral but most of
the silicates are more easlily collected than 1ls sililca.
Even with catlonlic reagents, quartz 1is found to be one
of the most difficult to collect. It seems evident
that when silicates such as clays are present in a mln-
eral mixture, they should be removed before catlonilc
resgents are applied to other mlnerals. Thls may be
accomplished by flotation wlith short chain amines.

These gangue materials are all consldered more
flotable than chrysocolla by present practlice. It
would not be economically feasible to separate them
from the ore mixtures and leave the chrysocolla in the
tallings because the curysocolla 1is present 1in such
small amounts. The selectlion of a collector to remove

a certailn constituent is an economlc problem. Other
things being equal, 1t 1s advisable to cause the flota-

tion of the material present in the smaller amount.
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FLOTATION OF COPPER SILICATE

The most common copper sllicate 18 known as
chrysocolla. Doelter (20) states that chrysocolla is
an aged gel which has become partly crystalline. 1Its
formula is CuSiOzp, 2 H20. Compounds adsorbed on it
are: CaO; MgO; ZnQ; PbO; CuClz; and CO2. It 1is often
accompanied by malachite.

The amorphous or colloidal portion of the miner-
al, as 18 typical for colloidal minerals, containg a
variable amount of water which is assumed to be ad-
sorbed by the colloidal structurs.

When the chrysocolla occurs wlth malachlte, the
malachite which 1s a copper carbonate may be recover-
ed by flotation methods. The curysocolla, however, 1ls
lost with the gangue. Bafthelemy (3) glves an example
of this type of process in which the gangue 1s a car-
bonate. Many of the ores cbntain a silica gangue.

Attempts to carry out the commercial flotation of
chrysocolla are unsuccessful because the ordinary flo-
tation agents do not selectively combine with it. It
18 by nature very hydrophilic and insoluble, and be-

cause of 1lts water of hydration very non-flotable.

Previous Work on Chrysocolla Flotation

Work on the froth flotation of chrysocolla has

been carried out in the Unlted States Bureau 6f Mines
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Laboratory work. In one of these processes, a Xan-

thate collector (15) is used on the activated mineral;
in the other, soap flotation (16) 1s used. Because of
narrow ranges of appllcation, the use of elther of
these processes is seriously restricted for commercial
use. No references to the commercial flotatlon of

chrysocolla have been found 1ln the lliterature.

Xanthate Flotatlion of Chrysocolla

In the xanthate method (15) as developed by the
Bureau of Mines, a synthetlc mixture of chrysocolla and
pegmatite (quartz, orthoclase with a little kaolin) 1s
ground to pass a 100-mesh screen. Actlvation is car-
ried out with elther sodium sulfide or hydrogen sul-
flde in an aqueous solutlion at a pH of 4. The sulphid-
lzing muat be carried out within very narrow limits.
An excess of sulphlde acts as a depressing agent while
too little sulphide causes poor recovery. When hydro-
gen sulphide 1s used, it 1s necessary to add the col-
lector before the sulphldizing agent. The followlng

charge gives a recovery of over 95 percent of the

chrysocolla.
Head sample .6% copper
Amyl xanthate .2# per ton

Hydrogen sulphide 2# per ton

Pine oil as needed
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Soap Flotation of Chrysocolla

The soap flotatlon of chrysocolla (16) is also ac-
companied by diffilculties. The actlon of soap as a
collector 1s not specific. The presence of heavy met-
al or alksline earth ilons causes the formation of 1in-
soluble soaps which are useless for the flotatlon of
chrysocolla. The pulp must be regulated to a pH of 8
to 9 because free acld which 1s not a collector for
chrysocolla forms in the acld range.

The sample 1s prepared from chrysocolla and peg-
matite so that 1t passes through a 100-mesh screen.

‘Best results are obtained with scap as the only
reagent. It acts as both a frother and a collector.
The amount used varieg with the composition of the pulp
and ranges between 3 pounds per ton and 12 pounds per
ton. Soaps of animal orlgin are more effective than of

vegetable.

Alkjl;substituted Triphenyl Methane Dyes as Collectors

The structure of the alkyl-substituted triphenyl
methane dyes seems to be very well sulted to collector
action on chrysocolla. Certain dyes, among which are
malachlite green and rosaniline, have a specific adsorp-
tlon action for colloidal minerals. The principle is
well known and used in many fields.

Endell (21) gives informetlon on a method for the
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déterminatlon of the amount of colloidal materlial 1ln
clay by its selectlve adsorption of fuchsin.

The use of chromatrographic adsorption analysis 1s
based on the same principle. Cain and Thorpe (7) sug-
gest the separation of dyes by adsorptlon on kaolin.
They 1list the dyes in the order of thelr preferential
attraction to kaolin. Of the baslc dyes, magenta, mal-
achite green, methylene blue, and crystal violet are
easlly adsorbed, while the acld dyes 1n general, are
not adsorbed. |

Adsorption processes for the removal of colored
compounds from aqueous solutlon are well known. The
removal of polar compounds from petrcleum oils and of
colored material from syrup by adsorptlon processes, 1s
a well devsloped science.

The results of some inveétigations on the adsorp-
tion of dyes by specific minerals are avallable. Sulda
(42) states that hydrated silicates are colored basic
dyes. Dittler (19) shows that minerals with an acld
reactlion preferentially take up the basic dyes: fuchsin
B; methane blue; and methyl green. Chrysocolla 1s one
of these acid minerals. Acid vliolet is shown to be ad-
sorbed by chrysocolla, but to a lesgsser degree. The
colloldal structure 1is the determining factor; acid or
basic reaction of the mineral 1s secondary. Dittler‘

also relates that a calcined dye loses this character-
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i1stic for adsorbling dyes.

Crystalline material, such as quartz, is also col-
ored by these dyes, but relatively more slowly and to a
lesser degree. Thils 1is eésily 11lustrated by placing
both sand and chrysocolla in a dilute solutlon of crys-
tal violet. France (26) reports tests to show that
crystals do adsorb dyes and that different faces of the
same crystal may have different adsorptlive power for
the same dye. Dean (16) shows that the dyes, crystal
violet and toluldine blue, are taken up by quartz. The
abstraction curves are of the adsorption type.

The adsorption of dyes by different types of ma-
terial is one of degree. The mineral gels, however,
have a greater attraction for dyes than crystalline
solids. The takling-up of dyes by solids might be an
adsorptive process or a chemical actlon. Freundlich
and Neumann (27) regard the attachment of a dye to ac-
tivated charcoal and certain mineral gels as belng
chemical in nature. In that case, the cation of the
dye replaces a catlon of the mineral gel, which can be
aggumed to be the hydrogen ilon. Thus, the lnterchange
of catlions 18 the same as ordinarily takes place in
dyeing cloth with a basic dye.

Regardless of the manner in which the dye becomes
attached to the mineral, 1t 1s preferentially taken up

by chrysocolla. It should be possible to use the ac-
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tive portion of the dye molecule as the active polar
portion of a collector molecule. A long alkyl chailn
substituted into dye molecule should act as the non-
polar end of the collector moleculs.

The neceasary length for such an alkyl chain 1s
not known. As 1is previously noted, a methyl group may
be of sufficlent length on a xanthate collector, while
a lauryl group may be necessary on an amine collector.
It 18 known that the metnyl group in the ordinary ros-
anlline dye does not effect the flotation. A longer
alzyl chain 18 required. The alkyl-substituted dyes of
the malachite green type which are used in this in-
vestigation, consequently, include the butyl-, the
hexyl-, and the octyl-substituent.

| Dyes of the alkyl-substituted triphenyl methane
type may be expected to bring about flotation of not
only chrysocolla but also of other colloidal or gel
minerals. This may be an advantage in some cases but
a dlsadvantage in others. The advantage lles in being
able to concentrate other valuable gel minerals con-
taining for example: copper; cobalt; nickel; and ura-
nium; also to concentrate bauxite. The disadvantage
lles in a lack of selectivity. Many of the copper
sillicate ores contain amorphous silicates such as clay
in the gangue. These materials, however, might be re-

moved by & preliminary flotation process.
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Previous use of dyes as flotatlon reagents 1ls re-
ported by Taggert (45) from United States Patent
2,095,967. Certain acld and baslic dyes are specifiled
ag depressants for molybdenlite from copper sulphides.
Among these dyes are methylene blue, aniline blue, Con-

go red, plcric acld, acid green and acid blue.
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PROCEDURE

Synthetic ore mixtures of chrysocolla and gangue
are subjected to flotation tests. The collector actlon
1s found by a determination of the copper content of the
concentrate as compared to that of the head mixture.

The resgpective ore mlxtures used are composed of chrys-
ocolla and sand, and chrysocolla and dolomlte. The
limestone used in preliminary tests contains so many
impurities that it is not used in the standard test

procedure.

Preparation of the Sample

A relatively pure chrysocolla sample 1n massive
pleces, up to six inches in length, 1s broken up 1ln an
iron mortor to sizes which pass a 20-mesh screen. The
sample which does not pass the 20-mesh screen is further
broken up in the mortor. The sample which passes the
screen 1g classifled according to size by a nest of
standard screens. The screen sizes used are 60-mesh,
100-mesh, 150-mesh, and 200-mesh. Samples passing
through the 100-mesh, 150-mesh, and 200-mesh screens are

deslimed and used for preliminary tests.
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The chrysocolla remaining on the 20-mesh, the 60-
mesh, and the 100-mesh screens ls ground wet in a pebble
mill. It 1s then drled, screened, and desllimed for use
In the standard tests.

Conslderable clay is assoclated with the chrys-
ocolla. It breaks up into very small particles and ad-
heres to the chrysocolla particles. These clay parti-
cles would tend to form a slime during flotatlon. They
are washed from the respective samples by repeatedly de-
canting the cloudy water suspension above the ore. Thils
constitutes the desliming operation. ©Slzes prepared for
flotation tests are: 100-150-mesh; 150-200-mesh; minus-
200-mesh.

Samples of larger particle size prepared for prelim-
inary flotation tests show relatively no tendency toward
recovery. Consequently they are omitted from the stand-
ard procedure.

A copper analysls of the chrysocolla samples glves
an average of 23.5 percent copper. Varlatlon 1s within
.2 percent.

Dolomite samples are prepared in a similar manner.
The dolomite which 1s on hand in the laboratory in mas-
s8ive pleces is crushed firet in a small jaw crusher,
then subjected to wet pebble mill grinding, screening,
and desliming. Desliming of the minus-200-mesh dolo-

mite 1s carried further. About 130 grams are placed in
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the flotation cell with water and a frothing agent.
The slime 1teelf forms a coplous froth and about 30
grams pass out with the froth. The dolomite sample 1s
then drained from the cell, washed, and used ln the
test. The weight 1s determined by subtracting the dri-
ed welght of the slime.

The sand used 1s also on hand in the laboratory.

It is relatively clean and white. Because of 1lts rela-
tively small size, 1t does not require preliminary
crushing. It is immedlately ground wet in the pebble
mill, screened, and deslimed.

The synthetic ore mixtures for the respective
tests are compounded from the desllimed material as need-
ed. The standard test sample consists of 99 grams of
gangue and one gram of chrysocolla. The standard ore
mixture contalilns .235 percent copper. Ore mixtures of
different copper content are usged as noted.

Dean and Ambrose (41) suggest that the method of
preparing the sample has an effect on flotatlon results.
The surface of a sample from wet pebble mill grinding
should be cleaner than the surface of dry-ground mate-
rial. Being cleaner, 1t has a greater tendency to com-
bine with the reagents and thus a greater tendency to be

collected. In this investlgation, samples from dry

grinding have been used for the preliminary tests.
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The Flotatlion Cell

The flotatlon cell is a 100-gram batch unlt, pro-
vided with an air inlet at the bottom, lmmedlately above
which 1s a variable speed aglitator. The aglitator and
shaft are made of steel, the cell 1itself of Luclte.

(See Fig. 1.)

Froth discharges into a Buchner funnel whefe the
concentrate is collected on a filter paper. The liquld
is drawn through the funnel and into a glass bottle by
vacuum. It 18 drained into a second bottle and fed con-

tinuously back to the cell at a rate of a little oVer

Fig. 1. Flotation Cell
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one drop per second. This regulates the rate at which
the froth leaves the cell.

The total pulp charge to the cell consists of 100
grams of ore mixture and 300 grams of water. A varila-
ble amount of this water, depending upon froth depth in
the cell, 1s in the bottles outside the cell.

Collector Solution

The alkyl-sgsubstituted triphenyl methane dyes are
used for collectors. They are dissolved 1n ethanol-
water mlxtures in a concentration of .1 gram per 100 cc.
The percentage of alcohol used varles with solubllilty
of the dye. A 50 percent alcohol solutlon 1s used for
butyl- and hexyl-dyes; a 70 percent solution for octyl-
malachlte green; and 95 percent alcohol for octyl-ros-

aniline.

Operation of the Cell

The agltator and alr pump are.started. About 150
grams of water, then the gangue and the chrysocolla are
put into the cell. About 50 grams of water are drawn
Into the water supply bottle. The rest of the 300
grams of water 1ls run into the cell. Modifying agents,
1f any, are added, and the pulp is allowed to mix for
15 minutes. Pine oil, as needed, 1s added on the end

of a Tine wire. An excess must be avolided. The col-
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lector i1s then added by stage additlon over the perlod
of the run. The collector solution 1s added slowly
from a pipette which 1is inserted well down into the
pulp, in quantities of .5 cc. When added to the top of
the pulp, the froth picks up the collector and carriles
it over immedlately. Fllter papers may be changed to
obtain more detalled informatlon on a run.

At the end of the run, the pulp 1s dralned from
the cell and a sample 1s taken for pH measurement on a
Beckman meter. The filter paper holdlng the concentrate
1s drled and welghed to obtaln the weight of concentrate.
The percentage of copper 1s then determined in the con-

centrate.

Flotatlon Results

In this investigation only single flotatlion tests
are run on a given quantity of ore. The concentrate
might be further enriched by an addltlonal flotation op-
eration. In commerclal practice, the oré 1ls treated in
a series of operatlions. The pulp goes first to a rough-
er cell where the flrst separatlion 1ls made. The tail-
ings from the rougher cell are subjected to further flo-
tation In a scavenger cell. The concentrate from the
rougher cell goes to a cleaner cell where a higher con-
centratlon of the desired mineral 1s obtained. Thus in

a serles of flotatlon actions, both the percentage re-
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covery and the enrichment of the product may be lncreas-

ed over what might be obtained in a single flotation
process.

Composite runs are made in many of the maln tests
when detalled information 1s desired. The collector 1ls
added at a glven rate during the entlre test, but the
filter paper holding the concentrate 1ls replaced at
designated intervals. In this way data can be obtalned
on the effect of the addltion of various amounts of
collector. In calculating the results, the total a-
mount of concentrate which has been floated from the
beginning of the test 1s included with that of a glven

period.

Determination of Copper

Copper 18 determined by the method of Park (35). A
sample contalnling not more than .2 grams of copper 1s
dlssolved in nitric acld and bolled down to about 5 cc.
It 18 then dilluted to about 30 cc. and bolled in order
to expel the oxlides of nitrogen and insure solution of
material. When dark colored residue 1ls present, the
solution 1ls flltered and the resldue washed with dilute
nitric acid. The solutlon is neutralized wilth ammonia,
but an excess 1s avolded. Two grams of ammonium bi-
fluorlde are added and shaken with the solution. One

gram of potassium biphthalate 1s llkewlse added and then
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3 grams of potasslium iodlde. The solutlon 1s then ti-
trated with N/10 sodium thiosulphate solution. Starch

1g used as an indicator.
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TABULATED RESULTS

TABLE 1l.
Flotation Action
Mineral mixture: 100 gm; sand-chrysocolla
Particle slze: minus~-200-mesh

pH: 707 - 8.3

Collector Heoads Time Concentrate
EXp. # % % % Dye
No. Dvye ton Copper Mlin. Copper Recovery #GCopper
3‘9 Octyl— =Oz!' =?_35 A‘ 1-]_-7 lll-.S 0059
rosaniline

Alkyl-malachite green

32 Butyl" 004 0235 8 059 1700 0072

31 -Hexyl' 003 0235 6 1001 4101 0016

36 OOtyl— «12 -235 10 2.0 6400 040
TABIE 2.

Effect of Particle Size
Collector: .03 #/ton hexyl-malachite green
Mineral mixture: 100 gm. sand-chrysocolla, .235% copper
Concentrate

Exp . : %
No. Mesh Min pH Grams Copper Recovery

4 150-200 2 7.8 1.40 .63 3,73
5 =200 3 7.8 2.49 1.07 11.25
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TABLE 3.

Effect of Rate of Collector Addition

Collector Rate Concentrate
EXpe # Time Grams %
Noe Dyve ton Min. Min. Copper Recovery

5 Hexyl-malachite .03 3 .00050 1l.07 11.25
31-C Hexyl-malachite .03 6 .00025 1.01 41.1
36=A Octyl-malachite .03 2 «00075 2.25 17.4
34-C Octyl-malachlte .03 6 .00025 1l.43 28.5
36=-B Octyl-malachite .06 4 .00075 2.4 34.8

34-F Octyl-malachite .06 12 00025 1l.46 53.0

TABLE 4.
Actlion of Butyl-malachite Gresn
Collector: butyl-malachlte green
Mineral mixture: 100 gm. sand-chrysocolla, .235% copper
Frother: pine oil

Dye Concentrate

gﬁ?' Mesh Agent, ton Min.rgg Grams Co%per Recfvery
15 150-200 HF 03 T 4.3 2.34 nil
16 150~2~= HF 024 8 4.1 trace

. 32«-A =200 .01 2 8.3 2.23 T4 6.9
32«B =200 « 02 4 8.3 3.79 «7T0 11.1
32-C =200 «03 6 8.3 5.61 .60 14.3
32-D =200 <04 8 8.3 6.85 «59 17.0

32-E =200 .05 10 8.3 8.55 <54 19.6
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Mineral mixture: 100 gm. dolomite-chrysocolla,

.235 % copper

Dye Conqentrate
Exp- 7" %
Noe. Mesh Agent ton Min. pH Gramg Copper Recovery
12 -200 054 3 7.8 3.52 trace

33-A -200 Alp(SO4)z .01 2 7.9 2.08 trace
.4§/ton

33=-G =200 Al-(S0,)=z .08 18 7.9 1l.63 trace
o4§/t0ﬁ 3

TABLE 5
Actlon of Hexyl-malachlte Green
Collector: hexyl-malachlte green
Mineral mixture: 100 gm. sand=-chrysocolla, .235% copper
Frother: pine oil

Dye Concentrate
Exp. % 7
No. Mesh Agent ton Min. pH Grams Copper Recovery
4 150-200 028 2 7.8 1.40 .63 373
5 -200 03 3 7.8 2.49 1.07 11.25
10 -200 HC1 .03 2.3 12.24 nil
28-A =200 HF 02 2 4.1 3.49 <02 3
28=B =200 HF .03 3 4.1 10.09 .18 8.4
30-A <200 HF 01 2 4.0 1.52 .09 .6
30-B =200 HF .02 4 4.0 5.31 21 4.9
30-C =200 HF 03 6 4.0 9.61 .18 Te5
37 -200  H,S0, 11 4 4.7 12.71 .05 2.5
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Dye Concentrate
ﬁﬁ?. Mesh Agent ton Min. pH Grams Copper Rec%very
- 31-A =200 01l 2 T.9 2.50 .99 10.6
31-B =200 .02 4 7.9 4.99 1.08 23.0
31=C =200 .03 6 7.9 9.51 1.01 4l.1
31-D =200 .04 8 T.9 15.45 75 49.5
31-E =200 .05 10 7.9 22.45 .61 59.3
31-F =200 06 12 T.9 28.35 «50 60.9
31-G =200 .08 14 7.9 39.25

Mineral mixture: 100 gm. sand-chrysocolla, 47 % copper

Dve Concentrate

No. Mesh Agent ton Min. pH Gramg Copper Recovery
27 -200 HF 05 2 4.1 4.61 TT T.5

citric

acid

-5#/ton‘
Al3 -200 HC1 Ol 5 4,0 1l.75 1.17 4.4
Al3-B -200 HC1l

«02 10 4.0 5.03 «99 10.7

Mineral mixture: 100 gm. dolomite-chrysocolla,

«235 % copper

Dye Concentrate

% K3

EXpe.

No. Mesh Agent
Al -150

1 -200 Na=zP0,

5 /ton

i
ton Min. pH Grams Copper Recovery

« 02 T Te2 3002 (not deSlimed)
<014 6 8.2 4.51 o 14 2.7
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Dye Concentrate
Exp. . % %
No. Mesh Agent ton Min._ pH Grams Copper Recovery
2 -200 (SOZI.) 0014 700 5067 028 608
~ 5#/ton

3 -200 sodium <014 7.0 nil

sllicate

JA#/ton
8-A =200 acetlc 04 3 Tes 11.97 nil

acild

4.2#/ton
8-B =200 acetlc . 062 Ted 19.61 nil

acld

4.2#/ton
Mineral mixture: 100 gm. dolomlte-chrysocolla,

47 % copper
Dye Concentrate
EXpe. %
Noe. Mesh Agent ton Min. pH Grams Copper Kecovery
25"’A -200 .06 1 9058 022 405
25-B "200 12 2.5 14033 026 709
TABLE 6.

Actlon of Octyl-malachlite Green

Collector: octyl-malachite green

Mineral mixture: 100 gm. sand-chrysocolla, .235 % copper
Frother: pine oil

Dye
EXp. Con%entrate
No. Mesh Agent ton Min. pH Grams Copper Recovery
36=A ~200

.03 2 8.1 1.8 2.25

174
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Dye Concentrate
gﬁ?. Mesh Agent ton Min._ pH Grams CO§per Recfverx
36-B =200 06 4 8.1 3.38 2.4 34.8
36-C =200 .09 7 8.1 5.32 2.2 52.2
36=D =200 .12 10 8.1 T.52 2.0 6440
36=E =200 «14 12 8.1 10.06 1.7 74.0
36=-F =200 <17 14 8.1 11.59 1l.54 76.5
34-A =200 .01 2 8.0 1l.12 1.27 6.5
34-B ~200 .02 4 8.0 3.24 1.35 18.6
34-C =200 03 6 8.0 4.68 1l.43 28.5
34-D =200 04 8 8.0 6.20 1l.43 37.8
34=-E =200 «05 10 8.0 T7.80 1l.47 48.5
34=-F =200 06 12 8.0 8.55 1.46 53.0
43-A =200 HC1 03 2 6.6 2,02 1.2 10.3
43-B =200 HC1 06 5 6.6 4.11 1l.11 19.5
43=-C =200 HC1 «09 7 6.6 5.94 1.15 29.1
43«D =200 HC1 «12 10 6.6 9.36 .96 38.3
43-E =200 HC1 «15 12 6.6 12.43 «388 46.6
43-F =200 HC1 .18 15 6.6 14.84 .83 52.5
47-A =200 Na,CO 04 3 8.1 .58 2.6 64

8 #/gon
47-B =200 szzgéon .08 6 8.1 1.02 3.1 13.6
47-C =200 NaoCO ¢12 9 8.1 1.88 3.1 2445
8 #/Eon

47-D =200 Na, e16 12 8.1 4.36 2.5  45.0

Cco
8 #/%on
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Dye Concentrate
Exp. % %
No. Mesh Agent ton Mine pH Grams Copper Recovery
4T7=E «200 NaoCO 20 15 8.1 7.48 1.8 58.0
08 # on
8 #/gon

Mineral mixture: 100 gme. sand-chrysocolla, .705 % copper

Dye Concentrate
EXpe £ % %
No. Mesh Agent ton Min. pH Grams Copper Recovery
46-4A ~200 O4 3 TeT 1.67 3.84 9.1
46-B =200 08 6 T.T 2.62 3.87 1lb4.4
46-C =200 12 9 T.T7T 3.88 4.14 22.7
46-D =200 16 13 T.7 6448 3.98 36.6
46=-E =200 «20 16 T.T 8+35 3.74 4.4
46-F -200 24 19 ToT 10.61 3.41 51.5
46=G =200 28 21 T.T7 15.09 2.90 62.1
46-H =200 032 24 T.T 21.31 2.42 T332

Mineral mixture: 100 gm. dolomlite=-chrysocolla

235 % copper

Dve Concentrate
EXpe. ‘ N3 4
Noe. Mesh Agent ton Min. pH Grams Copper Recovery

40=A ~200 Al,o(SO,)= <04 2 8.0 5.79 .16  4.26
o4 #/tgn3

40-B =200 Alo(S0Op)z .28 16 8.0 18.68 .05 4,25
ol #/tgn3
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TABLE 7.
Actlion of Octyl—rosaniliné
Collector: octyl-rosaniline
Mineral mixture: 100 gm. sand-chrysocolla, 235 % copper
Frother: pine oll

Dye Concentrate
Exp.
No. Mesh Agent ton Min. pH Grams Copper Recovery
38"A "200 004 2 8.0 5034 060 1306
39-A =200 02 2 8.3 1l.82 .99 76
39«B =200 O4 4 8.3 4.50 1.17 14.5
39"C -200 005 6 803 7023 060 1803

Mineral mixture: 100 gm. dolomlte-chrysocolla,

235 % copper

o

e Concentrate

Exp.
No. Mesh Agent

ct

on Mine pH Grams Copper Recovery

42 =200 Alp(SOp)z 19 15 8.0 6.19 .37 8.1
.38 #/tgn3
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Feed mlxture: 100 gm. sand-chrysocolla, .235 % copper

EXpe. No.
32
31
34
39

Collector

Butyl-malachlte green
Hexyl-malachlte green
Octyl-malachlite green

Octyl-rosaniline

_pH . Granms dye/min.
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Te9 . 00025
8.0 . 00025
8.3 . 0004
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EFFECT OF RATE OF COLLECTOR ADDITION
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Heads
Exp. No. % Copper Grams dye/min. # dye/# copper
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DISCUSSION OF RESULLS

As prevléusly stated, the primary.purpose of this
1nvestigation is to show that alkyl-substituted trli-
phenyl methane dyes cause the flotation of chrysocolla.
The results, as summarized in Table 1, clearly show that
they do this, and that one of tho;e used, octyl—hala—

chite green, has possibilitles toward use as a commer-

‘cilal flotatlion agent.

Optimum conditions for operatlion are not déter—
mined. Extended investigatlon on the primary require-
ments f&r flotatlon shows only a limited number'of_de~
tails. The range of varlables 1s gfeat and certain
slight variatlions in conditlons are shown to have a pro-
foundﬁinfluence on the percentage recovery, and the per-
centage copper 1in the concentrate.

The Iinvestlgation does show trends in the influence
of certaln varlables on flotatlion actlon and 1t does
open up many questions with regard to economlical commer-
cial use. Many of these questions could be answered by
extended laboratory work.

When these dyes are used as.collectors, they first

dye certain solld materilal in the pulp. The dyed mater-
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ial, be it ore or gangue, has the tendency to float.

During the early part of the run, that material which
has the greatest attraction for the dye will tend to be -
collected. Any colloidal material, such as slime, or a
colloidal mineral, such és chrysocolla or clay, has a
greater attractlon for the dye than does quartz or lime-
stone.

Successful flotation of chrysocolla can not be ex-
pected when the charge to the cell contains large a-
mounts of other colloidal material. The samples of dol-
omite and of limestone used in the tests have an alumi-
num content which appears to be-clay. Unsatisfactory
separation of chrysocolla from dolomlte or limestone
gangue 1s aitributed to the présence of this clay.

Toward the end of a run, the céntinued presence of
dye in contact with the crystalline material, and the
excess of dye present 1n the pulp, cause the non-colloi-
dal materlal to float. Whenever an excess of dye 1s used
in the tests, the talillngs at the end of the run are
more or less colored.

An important problem with regard to the flotation
of chrysocolla with the alkyl-malachite green dyes 1s
the selection of a specific depressing agent for the
gangue material. This is true for not only dolomlte and
clays but also for silica. It is uhdoubtedly possibie to

separate the clay by & preliminary flotation with a cat-
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ionic collector. If the colloidal material were pres-

ent 1n small quantities, thls would be feasible. If 1t
were present in large quantlties, the use of a satls-
factory depressing agent seems to be the only reason-

able solution.

Accuracy of Results

The conclusions drawn from these tests should be
conslidered as trends and not as speciflc numerical re-
lationshlps. Comparisons can be made, however, on a
general basls in splte of the great number of factors.
which influence flotatlion results.

The values for pH measurement should be considered
a8 approximate. The sample for pH measurement 1ls taken
at the end of a domposite run and 1s recorded for the
entire run. During the test, 1lncreasing amounts of
collector are added, which can be expected to change the

pH value to a slight extent.

Particle Size

The mineral mixtures on many of the preliminary
tests range in size from 30-mesh to 100-mesh. Practi-
cally no flotatlon action is observed until the size 1is
decreased to about 200-mesh.

A comparison of the flotatlon action of hexyl-

malachlte green on a sand-ore mixture of 150-mesh to
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200-mesh, and of minus-200-mesh 1s obtalned from Table

2, BSizes smaller than 200-mesh are much more easily
collected and the concentraté yilelds a hlgher percent-
age of copper. For good recovery the particle slzes
must be smaller than 200-mesh.

The minus-200-mesh mixture 1s well wlthin the
limits of common milling practice. As Petersen (37)

shows, the usual commercial slizes vary between 150-

mesh to 300-mesh.

Butyl-malachite Green

Butyl-malachite green has some collector actlon
on chrysocolla but the extent of thlis action 1s not
great. Data on thls collector action are found in
Table 4. Its relative attraction for silica 1s large.
With only 17 percent recovery of the copper, the con-
centrate ls composed of 97.5 percent sand. This 1is
equivalent to an enrichment in the concentrate of only
250 percent.

When the pulp 1s made acld with hydrofluorlc acid
to a pH of about 4, very 1little, if any flotation of
chrysocolla occurs. The chrysocolla 1s depressed while
sand 1s carried over in the concentrate.

The flotatlon action of butyl-malachite green is

not evident when dolomite 1s used as the gangue. Clays

whlch are present in the dolomite are apparently sep-
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arated to the excluslion of the chrysoéolla. Some 1in-
dication of flotatlon of the chrysocolla 1s obtalned
when aluminum sulfate 1s used as a depressant, but the
recovery of copper“amounts only to a trace. The pres-
ence of clay in the concentrate 1s apparent from the
large amount of aluminum hydroxide formed during the

chemical analysis.

Hexyl-malachite Gréen

Apprecliable recovery of chrysocolla 1ls obtalned
when hexyl-malachite gréen 1s used as a collector.
Data on this flotation action are glven 1in Table 5.
With sand as the gangue, a 40 percent recovery of cop-~
per 1is obtained with an enrichment of the concentrate of
430 percent. This 1s equivalent to 96.7 percent sand |
in the concentrate as compared to 99 percent in the
head sample. A recovery of the copper up to 60.9 per-
cent can be obtained, but this 1ls at the expense of the
percentage copper 1in the concentrate.

When elther hydrocilorlc acid or hydrofluorlc acld
is used to lower the pH to about 4, a depression of
both sand and chrysocolla occurs. The hydrofluoric
acld seems to depress the chrysocolla to a greater ex-
tent than the sand. |

The use of sulfuric acid, decreasing the pH to 4.7,

almost completely depresses the chrysocolla, while allow-
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ing flotatlion of the sand. Citric acid with hydroflu-
oric acid at a pH of 3.6 has an effective depressing
action on both sand and the chrysocolla.

Separatlion of the chrysocolla from dolomite-chrys-
ocolla mixfures is ineffectlve elther with or without
the commonly used depressants for dolomlte. Even
though the dolomite used 1s deslimed, the presence of
colloidal aluminum minerals interferes wlth the chrys-
ocolla flotatlon.

Some flotatlon of chrysocolla 18 obtalned when de-

pressants are not used, but the concentrate 1s not en-
| riched in copper above the composition of the head
sample. The uge of aluminum sulfate, as a reagent,
likewise allows some flotation without enrlichment.

The common depressants for dolomite, such as tri-
calcium phosphate, sodium silicste, and acetic acild,
all depress the chrysocolla. The two latter compounds
do not allow the flotation of any chrysbcolla under
the conditlions of these tests. |

When flotatlon 1le attempted with the dolomite
gangue, without previous desliming, about one third of
the entlire mineral charge goes over in the froth. This
is shown in Table 5, Test A-4. This quantity may be
easlly removed before flotation tests by subjecting

the dolomite to the actlon of the flotatlion cell.
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Octyl-malachlte Green

| Results on the floﬁation of chrysocolla from sand
with octyl-malachite green, shown in Table 6, indlcate
that the process may be commercially feasible. In the
regular test runs with 1 percent chrysocolla 1ln the
head materilal, 64 percent of the copper can be recover-
ed with an enrichment of 850 percent. When a richer
head materlal, 3 percent éhrysocolla 1s used, the re-
covery 1s 73 percent with an enrichment of 410 percent.
These values vary wlth the amount of collector used.

The presence of hydrochloric acid, resulting in a
decreased pH, decreases both the percentage recovery
and the enrichment. The results indicate that a pH of
about 8 1s desirable. When the pH 1is loweredlto 6.6
with hydrochloric acid, the relative tendency for sillca
to pass over in the froth is greatly lncreased. .

Sodium carbonate 1s found to act as a stronger de-
pressant for silica than for chrysocolla. By using
larger amounts of collector, & concentrate with high-
er percentage of copper may be obtained, but the ultil-
mate yleld is less. The use of sodium carbonate gives
results which-appear promising.

Flotatlon of chrysocolla from the dolomite 1is not
satisfactory. The aluminum sulfate used for a depres-

sant prevents the flotation of chrysocolla.
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Octyl-rosanlillne

Definite flotation of curysocolla l1ls observed when
octyl-rosaniline 1s used as a collector with a sand-
chrysocolla ore mixture. The results are shown in
Table 6. Both percentage recovery and enrichment of
the concentrate are small. With 14.5 percent recovery,
enrichment is about 500 percent.

This dye 1s different than the others both in the
number of amino-groups, the type of amlino-group, and
the locaticn of the élkyl—chain. The smaller flotatlon
effect obtained with octyl-rosaniline may be due to any
or a comblnation of these differences. It 1s possibly
duz tc the presence of primary amino—groups>as compar-
ed to the tertilary groups which aré present on the
alkyl-malachite green type of dyes.

Although both recovery and enrichment is very poor
when octyl-rosaniline 1s used as a collector, they ap-
pear better than for any of the others when used with
the dolomlte gangue. The total recovery of copper 1is
8.1 percent while the enrichment 1s about 160 percent.

However, a very large amount of the collector 1s used.

Length of the Alkyl-Chaln
Comparison can be made with respect to the effects
of the alkyl chaln length on the flotation propertles

of the malachite green type of compound by reference



48
to Charts 1. and 2. These charts do not show the best

results that have been obtained for octyl-malachite
green. They show a comparison at the same rate of ad-
ditlon of collector for each reagent.

The dyes wlth the longer alkyl-chains have rela-
tlvely better collector properties. Assay of the con-
centrate shows greater enrichment. A greater ultlimate
percentage recovery 1ls also obtained.

The hexyl-malachlte green appears to have greater
reactivity per unit welght than the octyl-malachlte
green. This might be due to a greater molal concentra-
tion or it might also be due to the relative inductlon
period required by each. With a satlsfactory depres-
sant for sllica, the hexyl-malachite green should be a
sultable collector.

Under the present flotation conditions, the octyl-
malachite green is the only dye which suggests econom-
icallcommercial use. The use of a longer substituted
chaln on the dye molecule could be expected to accentu-
ate the difference found between the hexyl- and octyl-
compounds. As wilth other collectors, an optimum chailn
length can be expected to exist. Chalin lengths greater
than the optimum usually decrease 1n effectiveness due
to the decreased solubllity of the compound. The use of
a 8till longer chain length for the substltuent 1is sug-

gested for future work.
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Octyl-rosanliline yields very poor results in com-

parison to the other dyes. By a selectlon of more
sultable conditlions, however, its effectiveness could
undoubtedly be improved. The rate of collector addi-
tion 1s not the same for octyl-rosaniline as for the
others to which it is compared, but this difference
should not be expected to appreclably change the rela-

tive results.

Rate of Addltion of the Collector

A comparison of the effect of the rate of addition
of the collector may be obtalned by reference to Table
3. and to Charts 3. and 4. The comparison may be based
elther upon flotation results per unit weight of collec~
tor used, or upon the ultimate ylelds.

In Table 7. a comparison 1s made, based upon a
given amount of collector ugsed. The faster rate of ad-
ditlion gives a concentrate which 1s richer 1in copper but
1t also glves less percentage recovery. The longer time
allowed wilth the lower rate gives the sand an opportuni-
ty to be dyed by the collector. Thus with the different
rates of addition used, the assay of the concentrate may
increase over 60 percent but the percentage recovery may
decrease 35 percent.

A more significant comparison can be made on the

basgis of the ultimate ylelds as indicated in Charts 3.
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and 4. By using a hlgher rate of additlion, both the

agssay of the concentrate and the percentage ultimate
recovery are 1ncrea§ed. About twice as much collector
1s used at the faster rate, in order to recover the
gsame amount of copper. The question of optimum rate of
addltion involves an economic balance in which the value
of the recovered ore and the cost of the collector must
be taken into consideration.

| All tests are run at an approximately constant
rate of collector addition for the test. Thls seems to
bulld up an excess of collector in the pulp. An al-
ternate method of adding the collector at a varlable
rate might prove of advantage and should be the problem

of a future investlgation.

Amount of Chrysocolla 1n the Head Charge

The standard tests are carried out with 1 percent
of impure chrysocolla in the feed to the flotatlon cell.
The copper content is .235 percent. Thils 1s below the
percentage that might be expected in commercial prac-
tice.

Results when using a larger percentage of copper
in the feed materilal are shown in Charts 5. and 6. and
in Table 1. A head sample of .705 percent copper 1s
used to show this effect. The rates of additlon of the

dye cannot be consldered comparable. Comparlson shows
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that flotatlon of chrysocolla in the early part of the

run depends upon the amount of collector added. Ap-
proximately an equal weight of ore is floated in the
first 14 minutes in each test when about an equal a-
mount of collector is added. The chrysocolla is car-
rled over in the froth at a somewhat increased rate
after this initial period but the amount of sand accom-
panylng 1t increases in greater proportion.

The percentage recovery on both tests 1s about the
same. The percentage enrichment of the concentrate 1is
greater when the feed with a low assay value 1ls used.
Adjustment in rates of collector feed could easlily make
elther more or leas difference between them.

Use of collector per pound of copper compound
floated is 25 percent lower when the richer feed 1s used.

On the basls of these limited data, and the effect
of the factors already considered, it 1s justifilable to
asgume that flotation practice with an enriched head
‘material would be more successful than with a leaner

mineral mixture.

Addition Agents

The depressing agents used in these tests do not
show satisfactory results. Sodium sillcate and acetlc
acid both seem to completely depress chrysocolla. Tri-

sodlum phosphate and aluminum sulphate show no improve-
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ment 1ln the agsay of the concentrate. Hydrofluoric

acld and hydrochloric acid depress chrysocolla to a
greater extent than sand but allow limited recovery.

The use of sodium carbonate with a sand-chrys-
ocolla mineral mixture offers some possibilities. It
depresses both sand and chrysocolla and requires more
collector. However, 1t does permit considerably in-
creased percentage copper in the concentrate. Compar-
ison of the use of sodium carbonate and hydrochloric
acld are shown in Charts 7 and 8. The rates of collec-
tor additlon are about equal for the three tests.

If advantage 1s to be taken of the use of sodlum
carbonate, a low yleld is indicated. At a recovery of
lesé.than 50 percent, the assay of the concentrate can
be maintained at about 2 percent copper. Under these
conditions, the use of collector 1s very much lncreased.

The use of hydrochloric acid to lower the pH to
6.6, gives an unsatisfactory percentage recovery and
asgay value for the concentrate. Its use need not be
further considered.

The depressant actlon of hydrofluoric acld on both
sand and chrysocolla 1s contrary to what mlight be ex-
pected in consideration of results reported by Clemmer
and Ambrose (9) on the separation of feldspar from
quartz. They are able to depress the quartz in the

mixture by hydrofluoric acid. Feldspar which 1s a sil-
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lcate materlial, can then be separated at a pH of about

5. When the concentration of hydrofluoric acid is in-
creased 1ln these tests, so that the pH becomes about
3.5, copper of the chrysocolla goes into solution.
This dlssolving action decfeases the amount of chrys-
ocolla availlable for flotatlion; a condition, in 1itself,
which results in an apparent depressant actlon.
Aluminum sulphate is of a type of compound that 1s
reported by Eigeles, M. A. and Mokrousov, V. 4. (23) to
be a depressant for calcium carbonate, aluminum sill-
cates (such as clays) and quartz. As mentioned before,
aluminum sulphate also acts as a depressant for chrys-

ocolla in the tests of this investigatlon.
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CONCLUSION

The alkyl-substituted triphenyl methane dyes which
for the purpose of thls dlscussion are called butyl-
malachlite green, hexyl-malachite green, octyl-malachite
green and octyl-rosaniline, all tend to promote the
flotatlon of the mineral, chrysocolla. Octyl-malachite
green shows better collecting propertles than the others
and has possibllities as a commercial flotatlion agent.

The flotatlion of chrysocolla from a quartz gangue
can be accompllished with an enrlichment of the concen-
trate of 850 percent as compared to the feed sample and
a recovery of 64 percent. Higher recoverlies or greater
enrlchment can be obtained but each is at the eXpense
of the other.

Optimum conditlons for flotation are not estab-
lished. These conditlons depend upon many factors.
Most important of the factors seems to be the selection
of efficient depressing agents for sillica, dolomlte,
limestone and certain colloidal minerals such as clay.
Other factors which are shown to be of major importance
are: partlcle size of mlnerals in the pulp; rate of

collector addition; length of the alkyl substituent in
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the dye; percentage of chrysocolla iIn the feed; and

hydrogen ion concentration of the pulp. Trends with
regard to these factors are shown but deflnlte detalls
are not determined.

Because of the lack of sultable depressants, the
flotatlion of chrysocolla from impure dolomlte and
limestone 18 not accomplished. Thils problem as well as
the detalls of the flotation of chrysocolla from silica
may be worked out by further Ilnvestigation.

The alkyl-substituted dyes are not a commercial
product. Their present status of production 1s on the
laboratory scale by wnlch they are syntheslzed for this

investigatlion.
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ORGANIC PREPARATIONS

GZNERAL DISCUSSION

The alkyl-substituted dyes of the malachlite green
and rosanliline types are prepared for use as flotation
agents. The chemical structure of iIntermediates and
products ls of much importance, but secondary to the
flotation properties of the final product. For use as
a flotatlon agent, a predetermlned dye structure 1is de-
sired, but a dlfference such as a branched chain 1s not
important.

In the formatlion of the n-alkyl-phenyl-ketones by
the Friedel-Crafts reactlon, branching of the alkyl
chain tends to take place (41). From the standpoint of
flotation, thls presence of slde chains should lncreass
collector efficiency. Swalnson and Anderson (44) show
that in the use of butyl-, amyl-, and hexyl-xanthates
as collectors, the secondary compounds glve the best
recovery; the iso-compounds next; and the normal com-
pounds the least recovery. Dean and Ambrose (12) point
out that dissymmetry in the alkyl structure of amine
collectors results in better flotatlon.

Similarly, the structure of the alkyl-rosaniline



58

dye 1s unknown and may be a mixture such as 1is the
commercial rosaniline dyestuff.

For the purpose of ldentification, these alkyl-
substltuted dyes are called: butyl-malachite green;v
hexyl-malachlte green; octyl-malachite green; and octyl-
rosaniline.

The first step iIn the synthesls 1s the preparation
of the alkyl-benzenes, assumed to be normal alkyl-ben-
zenes. They are used through a serles of derlvatives
to obtalin the final product.

For the malachlte green dyes, a p-alkyl-benzalde-
hyde 1s formed and used as a reactant for the final dye.
For thse rosaniline dye, an o-octyl-aniline 1s formed
and used in an ordinary rosanlline process.

The series of reactions for the preparatlon of

each intermedlate 1s indicated below:

Alkyl-benzene
CgHg +— CgH5eCOR'
Friedel-Crafts
reaction alkyl=-phenyl-
ketone
Clemmensen

reduction alkyl-benzene
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p~-Alkyl-benzaldehyde
C H-eR > p"RoC H) «C0sC0+0CoH
675 Friedel-Crafts 674 %5
reaction ethyl-p-alkyl-phenyl-
glyoxylate
- p‘R006H4OCHoNOC6H5
Schiff's base
I p-R.06H4.CH0
p-alkyl-benzaldehyde
o-Alkyl-aniline
C-HeR . ot 0=-R.CcH; «NO
675 nitration o4 2
o-alkyl-nitrobenzene
B O-ROC H -N
reductlon 674 H2

o-alkyl~-aniline

In general, standard processes of reactlion from
the literature are used. Variations from this proce-
dure must be made 1ln many cases because of the high
molecular welght of the compounds. Many of the com-
pounds are of such high boiling point that decomposltion
results, even with low pressure distillation. Diffi-
culties of preparatlon are found to increase wlth the
length of the substituted hydrocarbon chain. The se-

lection of the methods as outlined depends upon easge of
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preparation, ylelds to be expected, or in some cases
upon arbiltrary choice. A consideration of certain al-
ternate methods l1ls now méde.

The formation of the alkyl-benzene 1s the flrst
Important step in the synthesis. The Wurtz-Flttlg re-
action, using bromo-benzene and an alkyl-halide was tri-
ed but rejected in favor of the method outlined. The
alkyl-phenyl-ketone which is formed in the present syn-
thesls may be reduced either by hydrogen in the presence
of a catalyst or by the Clemmensen reductlion. The
Clemmensen reduction, giving a satisfactory product and
being relatively convenient, 1s used.

Various methods for the preparation of aromatlc
ketones are outlined by Ferguson (25). Of these methods
only relatively few can be applied to the alkyl-ben-
zenes without destroying the alkyl-substituent. The
method of Bouvealt (4) 1s found to be satlsfactory be-
cause 1t places the aldehyde group 1n a posltlion para
to the alkyl chain. When a keto-carbonic acid is form-
ed by using Bouvealt's method, it can be decomposed to
the aldehyde by various paths. Hickinbottom (30) says
that manye-keto-carbonic aclds can be decomposed into
the aldehyde or acid by merely warming with concentrat-
ed sulfuric acid. Bouvealt suggests forming an aryl-
imino-derivative which can be decomposed into the alde-

hyde. The latter method 1s used by forming the Schiff's
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base.

An o-nltro-alkyl-benzene is requlred for the syn-
thesls of the rosaniline dye. The p-nitro-compound,
however, 1ls formed in larger quantitles by the direct
nitration of the alkyl-benzene. An alternate method of
blocking the para positlon and nitrating exclusively the
ortho positlion, no doubt, would give increased ylelds.
The extent of this apparent advantage might be lowered
by an increase in the number of operations required.

Only direct nitratlon of the alkyl-benzene 1ls used.

Physical Data

Physical data on thé alkyl-phenyl-ketones and on
the alkyl-benzenes are readily available and to be con-
sldered accurate. BSimlilar data on the derivatives of
the alkyl-benzenes are to be used wlth caution. As an
example, Rinkes (40) shows that physical data on the n-
octyl-nitrobenzenes, as obtalned by Ahrens (1) and in-
cluded in Beilsteiln, are in error. Information in
Beilsteln on o-amino-n-octyl-benzene, which 1is derilved
from the octyl-nitrobenzene of Ahrens, 1s llkewlse to be
doubted. |

In this work, bolling points and sometimes indices
of refraction of the mainvreaction products are deslg-
nated in the procedure. Agreement with published values

1s not always obtalned nor to be expected. A comparl-
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son of bolling polints taken from the literature shows

that they are frequently in poor agreement with each
other. Bolllng point data taken 1n thls work also show
that 1t alone cannot be used as a means of ldentifica-~

tion.
PREPARATION OF ALKYI-BENZENE

Alkyl-Acid-Chloride

The method for preparing alkylyl chlorides with
thionyl chloride as descrilbed by Helferich and Scuasier
(29) is used. The method 1s simple and proceeds smooth-
ly. Yields on the lower homologues are relatively low,
due partly to the small difference between the bolling
points of the alkylyl chloride and thionyl chloride.
" The use of alternate methods with phosphorus trichlo-
ride, oxychloride or pentachloride could be expected to

entail the same dlfficulty because of low bolling
points.

The reactlon as glven by Weygand (51) is:
2 RCOOH + S50Cl, ———— 2 RCOCl + S0z + Hy0
On the basis of thls equatlon an excess of thlonyl
chloride must be used because water formed 1ln the re-
action causes hydrolysis of some thlonyl chlorlde. The
overall reaction is then:

RCOOH + 8S0Clp ——— 2 RCOCl -+ 80, -+ HC1
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Water or hydroxyl groups, including the carboxylic

hydroxyl group, are attacked by thionyl chloride. In
the overall reactlion as carrled out, 50 percent excess
thionyl chloride l1ls used.

Starting materials for the respective reactions
are n-butyrlc acid,'n-caproyl acid, and n-caprylic
acld. Each 1s distilled for purificatlon.

Prpcedure for Preparation of Alkylyl Chlorlides
Reactants

1.5 mol thionyl chloride

1.0 mol n-alkyl acid

The thionyl chloride is placed in a 2-necked,
round bottom flask provided with a reflux condenser and
dropping funnel. It 1s brought to a boii and the n-
alkyl acid 1s added dropwlse at such a rate as to regu-
late the evolution of hydrochloric acld gas. After the
alkyl acid has been added, the solution is bolled for
two hours and allowed to stand over night. The eXcess
thionyl chloride is distilled off (78.80C.) and the

alkyl acid-chloride 1s fractlonated.

Alkyl Acid-Chloride B.P. Yleld %
n-caprylyl chloride 163-165°C.(15 mm.) 80

n-caproyl chloride 147-151°C. (740 mm. ) 50-59
n-butyryl chloride 98-101°C. (1 atm.) 57
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Alkyl Phenyl Ketone

The formatlion of the ketone from the n-alkylyl
chloride and benzene 1s carried out by a Friedel-Crafte
reaction in a method similar to that described by Ju,
Shen, and Wood (32) except that carbon disulfide is not
used as a diluent; The presence of carbon disulfide is
sald to regulate the reaction by forming a complex with
aluminum chloride, but good results are obtained with-
out 1ts use. An excess of benzene as a diluent, as used,
presents less difflculties in purification. The pres-
ence of even small amounts of carbon disulflde gives
poor results in the succeeding Clemmensen reductlon.

The overall reactlon may be represented by the

equatlion:

C6H6 4+ RCOC1 P 06H5.CO-R + HCl
A1G13

The mechanism of the process includes the formation of
an aluminum chloride complex which as noted by Shen, Ju,
and Wood, allows the formation of branched chaln alkyl
groups in the ketone. These isomers, 1f present in the
product would constitute an impurity but would not in-
terfere wilth the ultimate utility of succeeding products.
Both boiling points and indices of refraction are
used for identification of the products. Ju, Shen, and
Wood give values of refractilve indices for a serles of

n-alkyl-phenyl-ketones over a Tange of temperature.
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The values for the ketones prepared in thls work are

not included 1in thelr results, but by interpolation, a
qulte accurate estimate can be made.

Three normal alkyl-phenyl-ketones are prepared,
namely: n-propyl-phenyl-ketone; n-amyl-phenyl-ketone;
and n-heptyl-phenyl-ketone.

Procedure for Preparatlon of Alkyl-phenyl Ketone
Reactants
.77 mols alkyl-acid-chloride

2.12 mols anhydrousg aluminum chloride

-~ ~

2l.2 mols benzene

The dried benzene 1s placed in a 5-1liter, 3-necked,
round bottom flask provided with a mercury sealed stir-
rer, a reflux condenser and a dropping funnel. The
flask 18 cooled with a salt-cracked-lce bath. The alu-
minum chloride 1s added and the mixture 1ls cooled to
10°C., at which temperature it is maintained during the
reaction. The alkyl-acld-chloride 1s addedfrom a drop-
ping funnel over a perlod of two hours. The progress of
the reaction can be followed by the evolutlon of hydro-
chloric acld. To start the reaction a slightly higher
temperature may be used.

The reaction mixture is maintained at 10°C. for
five hours after the addition of the acid chloride. It
1s then packed with 1ce and allowed to stand over night.

The mixture ls agaln cooled and poured on cracked lce
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which has been acldifled wlith hydrochloric acid. It is

allowed to stand for two hours without stirring. Ben-
zene 1ls distllled off and the ketone 1is washed twice
with bollling sodium carbonate solution and then with

water. The ketone is dried and fractionated.

Alkyl-phenyl- Index of A
ketone B.P.°C. Refraction Yield
n-heptyl- 163-164 (15 mm.) 1.5050 (21°) 90
n-amyl- 122-136 (15 mm.) 1.5106 (22°) 82
n-propyl- 108«110 (15 mm.) 1l.5172 (25°) 73

Ketone Reduction

The reduction of the ketone to the hydrocarbon is
carried out by means of the Clemmensen reductlon with
amalgamated zinc and hydrochloric acid. The method as
described by Martin (33) and carried out by Johnson and
Kommann (31) is used.

By ueing a large volume of amalgamated zlinc to in-
crease the area of contact with the reacting solution,
little difficulty 1s encountered in the reduction. The
condition of the zinc surface 1ls an essentlal factor.

It is found that by reconditioning the used amal-
gamated zinc, through heating with dilute hydrochloric
acld, a satisfactory surface can be restored. The best
ylelds of n-alkyl-benzene are obtalned with reconditlon-
ed or continually used zinc. Reconditloning of the

zinc represents a considerable saving in the cost of
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zinc because of the large quantities that are used.

Depending upon the zinc surface, ylelds of alkyl-
benzene vary from 20 to 70 percent.

Both mossy zinc and zinc~foll rolled into spirals
proved effectlive to about the same degree.

The reaction 1s represented by the formula:
CeligeCO.R' + 4 (H) ————= CgHg.CHp.R' + H0

Vhen the surface of the amalgamated zinc 1s in
poor condition, excessively large amounts of a heavy
olly substance form. Yields'may be decreased to a neg-
ligible amount. Even under the best operating condi-
tions, a relatively large amount of the heavy oll 1is
formed.
Procedure for Preparation‘of HMossy Zinc
Reactants

1668 gnm. mossy zinc

117 gm. mercuric chlorilde
83 cc. conc. hydrochloric acid

1500 cc. water

The mercurlc chlorlide 1s dlissolved 1ln water to
which a small amount of hydrochloric acld 1ls added.
The zinc 15 placed in a 2-liter Erlenmeyer flask. The
acldified mercuric chloride solutlon is added to the
zinc, shaken for five mlnutes and poured off. It 1s
then used lmmedlately.

An old zinc surface can be regenerated by heating
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with a dilute hydrochloric acid solution for a couple

of hours.
Procedure for Preparation of Alkyl-phenyl-Ketone
Reactants

200 gm. alkyl-phenyl-ketone

750 gm. conc. hydrochloric acid

750 gm. Xylene

The amalgamated zlinc 1s covered to half its height
with concentrated hydrochloric acid. The ketone and the
Xylene are then added. The flask 1ls provided with a
reflux condenser and a source of gaseous hydrochloric

?*?“ acld to replace that used. Under these condltlons, it
o is refluxed for seven hours.

The reaction mixture 1s poured from the flask and
separated. The Xylene layer 1s washed several tlmes
with water. The xylene 1s evaporated off and the alkyl
benzene fractionated.

For purification, the alkyl benzene 1is heated for
several hours at 160°C. with sodlum metal and then dis-

tilled in the presence of molten sodium.

Alxyl Benzene B.P.%Ce Refract.Index % Yield

Octyl-benzene  133-139 (15 mm.) 1.4858 (25°)  30-70
Hexyl-benzene 98-99 (15 mm.) 1.4869 (27°) 69
Butyl~benzene 70=74 (15 mm.) 1.4930 (24°) 70




69
PREPARATION OF ALKYL-SUBSTITUTED MALACHITE GREEN DYES

Ethyl-oxalyl-chloride

Ethyl-oxalyl-chloride 1s to be used for the prep-
aration of alkyl-benzaldehydes by the method of Bou-
veault (4). Preparation of ethyl-oxalyl-chloride is
carried out according to the method of Weygand (53)
with suggestions from Anschutz (2).

Upon heating dlethyl-oxalate with phosphorus pen-
tachloride at about 125°C., an intermediate, ethyl-di-

chloro-oxyacetate forms as shown:

OCoH OCpH
¢c=00 N ceo ° .
C=0 PClgy —— (C = Clp POC1
S OCoHs > ~0CoHs 2
Diethyl- Ethyl-dichlor-
oxalate oxyacetate

If heated to over 130°C., the ethyl-dichloroxy-
acetate decomposes into oxalyl-chloride but because of
small differences 1in bolling points 1s difficult to
geparate from phosphorus oxychloride. A distillation
under vacuum, however, removes the phosphorus oxychlo-
ride without decompositlion of the other materlal. The
ethyl-dichloroxyacetate can then be decomposed and Ssep-
arated with relatively little difficulty.

Upon heating ethyl-dichloroxyacetate to about
135°C., the decomposition takes place quite slowly.
Weygand (53) suggests using a platinum catalyst to speed
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the decomposition. Without the catalyst the reaction

does take place glowly but with satlsfactory results.

L}

The decomposlition 1s represented by the equation:

OC»H OC-H
c =00 P c= 08 2 N
¢ =Clo = C. =0 CoHCl
Socols Sl 5
Ethyl-dichlor- Ethyl-oxalyl=-
oXyacetate chloride

Ethyl chloride 1s evolved as a gas.

The bolling point of ethyl-oxalyl-chloride is giv-
en by Weygand (53) as 130.5 to 1320C., by Anschutz (2)
as 134-135°C.
Procedure for Preparation of Ethyl-oxalyl-chlorlde
Reactants

1.0 mol phosphorus pentachloride
.71 mol di-ethyl oxalate

The reactants are placed in a round-bottom flask
equipped with a reflux condenser and heated at not over
1300C. for 15 hours. The material 1ls then fractionat-
ed at 40 mm. Vacuum is necessary 1n order to prevent
decomposition of the ethyl-dichloro-ethoxyacetate. The
lower boiling fraction contains phosphorus oxychloride
and the higher boiling fraction, the ethyl-dichloro-
ethoxyacetate (96°C. at 40 mm.). The ethyl-dichloro-
ethoxyacetate is placed in a flask provided with a shori

unpacked column and a distillation head. Upon heatling

to about 135°C. under reflux, some of the ethyl-dichlo-
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ro-ethoxyacetate 18 decomposed 1lnto ethyl-oxalyl-

chloride with the evolutlon of gas. The ethyl-oxalyl-
chloride formed 1s then distilled off at 136°C. and
heating under reflux 1s repeated. By merely increasing
and decreasing the temperature on the flask in one-half
hour cycles, the process 1s continued untll oxalyl-
chlorlide no longer seems to form. The crude ethyl-
oxalyl-chloride 1is then fractlonated.

Ethyl-oxalyl-chloride B.P. 129-134°C. Yield 75%
(approx.)

Alkyl-Benzaldehyde

Bouveault's method (4) for forming the aldehyde is
used. The procedure as outlined by Weygand (55), in gen-
eral, 1s followed. The alkyl-benzene when subjected to
a Friedel-Crafts reaction with ethyl-oxalyl-chlorlde
forms an ethyl-p-~alkyl-phenyl-glyoxylate. Thls places
the substltuent 1in the desired para position. Carbon
disulfide and nltrobenzene as solvents are used 1In the
Friedel-Crafts reacting mixture. Thomas (47) mentions
that better results are obtained with compounds of high
reactivity when a complex 1s formed, as with nitro-
benzene.

The Friedel=-Crafts reaction 1s represented by the

followlng equation:
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OCoH OCoH
¢c= 0" 2  alcly c= o 2
06H5.R + C\fhg > C\5E6H4.R.+- HCl
Ethyl-okalyl- Ethyl~p-phenyl-
chloride glyoxylate

The ethyl-p-alkyl-phenyl-glyoxylate 1s distilled
at 10 mm. pressure for purification. Even under vacuum
some decomposltion occurs. After distillation, the
product is saponified with caustic and acidifled with
dilute hydrochloric acid. The 8teps are represented 1in

the following scheme:

p-R.CgHy «C0.CO.0C2Hg > p-ReCgHy+CO.CO.0ONa
NaOH
Ethyl-p-alkyl- Sodium~p~alkyl-
phenyl glyoXxylate phenyl glyoxylate
P p-R-C6H4.CO-COOH
HC1l
p-Alkyl-phenyl=-

glyoxylic acild

The p-alkyl-phenyl-glyoxyllc acld can be used as a
crudé product from an ether extract. This 1ls advisable
hecause conslderable loss may occur from purification.
Distillation of the higher glyoxylic acids at 8 mm.
pressure 1s found to result in serious loss by decompo-
gition. The crude p-alkyl-phenyl-glyoxylic acid when
treated wilth freshly distilled aniline forms the
Schiff's base. Purificatlion of the Schiff's base by
distillation glves serious decomposltlon wlth both com-
pounds above the butyl derivative. Formatlon of the

Schiff's base and 1ts decomposition into the aldehyde
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are represnted below:

p‘R-CSH[‘_-COoCOOH - p-R.C H, «CH.N.C-H
CgHs + NH, 674 675

Schiff's base

p-R.06H4.CHO
heat

~

> p-Alkyl-benzaldehyde
dilute HoSO4

The intermediates prepafed are the p-butyl-, p-hex-
yl-, and p-octyl-benzaldehydes.
Procedure for Preparation of p-Alkyl-benzaldehyde
Reactants
405 mol alkyl benzene
73. gm . nitrobenzene
184. gm . carbon disulfide
«52 mol anhydrous A1013
486 mol ethyl-oxalyl-chloride
All materials except the oxalyl-chloride are put in-
to a 500 cc. flask provided with a mercury sealed stir-
rer, a reflux condenser, and a dropping funnel. The
ethyl-oxalyl-chloride is added from a dropping funnel so
as to regulate the rate of reactlon. When the evolutlon
of hydrochloric acld gas has ceased, the mixture 1is
poured on cracked lice to which hydrochloric aclid has
been added. The nitrobenzene 1s used to control the
rate and allow complete reaction of the aluminum chlo-
ride.
The olly material 1s extracted with ether, separat-

ed, washed twlce wilth dilute sodium carbonate solution
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and twlce wlth water. The carbonate wash 1s saved be-

cause 1t contains a conslderable amount of the sodium
salt of glyoxyllc acid. The wash 1s acldifled, extract-
ed wlth ether and later comblned with the main portion
of glyoxylic acid.

The washed material 1s dried and the ether and
carbon disulfide are distilled off. The glyoxylate dis-

solved 1n nitrobenzene 1s separated by simple dlstilla-

tion.
Substituted Index of %
phenylglyoxylate __B.P.%. Refraction Yield

Ethyl~p-n-octyl-  214-230 (8 mm.) 1.501 (30) 59
Ethyl-p-n~-hexyl-  200-214 (10 mm.) 65
Ethyl-p-n-butyl- 160-180 (10 mm.) 1.515 (28) 59

The distillate 18 boiled with 20 gm. (.5 mol) sodi-
um hydroxide untll a homogeneous solutlion 1s formed, 1s
aclidified with hydrochloric acid, and 1is extracted with
ether. Freevacid from the sodium carbonate wash l1ls com-
bined with thls solution and it 1s dried over anhydrous
gsodium sulfate. The ether 1is vaporized and the crude
acld 1s used in the following reactions to form the
Schiff's base. |

An excess of freshly distilled aniline, 30 gm.
(325 ﬁbl) 1s mixed with the crude acld in a Clalsen
flask. Upon heating, an evolution of gas takes place
forming the Schiff's base. Distillation of the Schiff's

base even under reduced pressure, causes conslderable
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decomposition, especially of tre higher compounds.

Only the butyl-compound is distilled.

Schiff's Base B.P.°C. % Yield
Butyl compound 185-199 (9 mm.) 20

If the Schiff's base is not distilled, aniline zand
water are removed under vacuum and the impure Schiff's
bzse 1s hydrolyzed with 310 cc. of 25 percent sulfuric

acia. The aldehyde is tkern extracted witn ether, dried

p-Alkyl-

benzaldenhvde B.P.9C. lols _% Yiela
p-Octyl- 175-190 (10 mm.) 127 32
p-Hexyl- 155-159 (10 mm.) .081 30.6
p-Butyl- 115-140 (11 mm.) . 039 3.6

Overall yields as given are based on the amount of

alkyl-benzene as starting material.

Alkyl-Malachite Green Dys

The leuco-base is first formed and it 1s then oxi-
dized to the dye with lead dioxide. The formation of
the leuco-base is carried out according to the proce-
dure of Cain a;d Thorpe (5). The p-alkyl-benzaldehyde
i1s reacted with dimethyl-aniline to form the léuco-base

as shown.
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p-R.CgH, .CHO -+ 2 C5H5.N(CH3)2
»CgHy e N(CHz ),

—~ p-R.CgHy+CH

Leuco~-basge

For the oxidation of the leuco base, better re-
sults are obtained by usling a method outllined by
Weygand (54). The recovery of dye is more difficult as
the alkyl-chain length increases. This 18 due to a de-
crease in solubility. When fllterlng the oxldlized dye
from the lead peroxlide precipltate, it 1s essentilal
that the precipltate be washed free of dye.
Procedure for Preparatlon of Alkyl-substituted Dyes
Reactants

.1 mol alkyl benzaldehyde

22. gm. dimethyl aniline

25.5 gm. concentrated hydrochloric acld

The reactants are placed in a small round-bottom
flask equipped with an alr cooled reflux condenser and
heated at 100°C. for 24 hours. After refluxing, the
mix is made alkaline and steam distilled to remove the
unreacted material. Long chain alkyl benzaldehydes are
relatively difficult to vaporize, but since they can be
removed in a later operatlon, thelr complete removal 1ls
not necessary. After the steam distillation, the re-
actlon products are poured into about 600 cc. of water.

A thick olly materisal separates, which may be removed
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in a separatory funnel or on a fllter paper. This

leuco-basgse 1s of honsy like color and consistency.

Malachite Green Dye Mols % Yield
Octyl-leuco=-base .09 90 (est.)
Hexyl-leuco-base .09 90
Butyl-leuco-base .09 90

The leuco-base contalns some impurities which are
removed in a later purification.

Procedure for Oxidation of the Leuco-basse

: Reactants

: .09 mols Alkyl-leuco-base
363. CCe hot normal hydrochloric acid
21.6 gm. lead peroxide
182. cec. water

The leuco-base is dissolved in the hot normal hy-
drochloric acid, diluted to about a iiter and allowed
to cool. The lead peroxide 1is suspended in the water
and then added over a period of five minutes to the so-
lution containing the leuco-base, with constant shaking.
It is then heated at about 100°C. for another five min-
utes. The solid material is filltered with suctlon from
the solution. The materlal on the fllter ls washed with
ethanol in order to recover the undlssolved dye. The
wash 1s combined with the filtrate. Some sodium sul-
phate 1s added to the filltrate to preclpitate dilssclved

lead and it 1s filltered again. The filtrate 1s now made
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baslic with caustle solution in order to precipitate the

color-base. Thls color-base 1s allowed to dry on the
fllter for a short time and 1s then removed and dlssolv-
ed 1n benzene. Dry hydrochloric acid gas 1s passed
through the benzene solution untll the dye 1s complete-
ly precipitated as a solld or a thick tarry like sub-
stance. The benzene ls decanted off, the so0lid allowed

to drain and dry, and the product 1s recovered.

Alxyl-malachite % Yield % Yield

Green (basis, aldehyde) (alkyl-benzene)
Octyl- 15 4.8
Hexyl- 50 15.3
Butyl- 51 5.0

In all cases the product is a green dye and a solid.
With greater alkyl chain length the dye becomes less

soluble.

PREPARATION OF ALKYL~SUBSTITUTED ROSANILINE DYES

Nitration of the Alkyl-Benzenes

The usual methods of nltratlon can not be used to
substitute the niltro-group on the aryl-ring of the
alkyl-benzenes because of the relative reactivity of the

hydrocarbon chain. Rinkes (40), however, shows that by

. o
using fuming nitric acid at -5 ¢, good ylelds are ob-
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tained. Of the total yleld he obtalns about 27 percent

of ortho-nitrobenzene, the rest being mainly para-
nitrobenzene. For the preparation of the alkyl-rosan-
1line, only the ortho-substituted compound 1s used.

Rinkes also shows that previous work on the octyl-
nitrobenzene by Anrens (1) 1s in error. Physical data
on the compounds in Bellsteln are likewlee in error.
Rinkes gives 182-184°C. (10 mm.) for the bolling point
of o-octyl-nitrobenzene.

Both the hexyl-nltrobenzene and octyl-nitrobenzene

are prepared.

Procedure for Preparation of o-Alkyl-nltrobenzene
Reactants
.615 mol n-alkyl-benzene
150. cc. fuming nitric acid (sp. gr. 150)

The alkyl-benzene 1ls placed in a 500 cc. 3-necked
flask provided with a dropping funnel, a mechanical
stirrer and a reflux condenser. The flask 1s cooled
and maintained at -5°C., while the fuming nitric acid is
added drop by drop from the dropping funnel. The addi-
tion of the acld requires between four and five hours.

The reaction product is poured on ice, diluted with
benzene and separated from the acid solution. Dilution
with benzene allows the olly layer to float on the

water. The product is washed with water, with soda ash
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solution and again with water.

After dlistllling off the benzene, the combined
ortho- and para-nlitro-octyl-benzene mixture 1s subject-
ed to fractionation under vacuum. The ortho-nitro frac-

tion 1s redistilled under vacuunm.

o-Nitro-n-alkyl- Index of %
benzene B.P.%C. Refraction Yield

Octyl- 174-179 (10 mm.) 1.507 (29°) 29

Hexyl- 155-162 (10 mm.) 1.515 (29°) 20

Reductlion of Orthno-nitro-all
Weygand (56) states that the tendency toward side
reactlons 1is especially prevalent during the reduction
of aromatic nitro-compounds when stannous chloride or
zinc 1s used with hydrochloric acild. The use of iron as
outlined by West (50) suppresses this tendency toward
chlorine substituted products- The method of West has
been followed.
Procedure for Reductlon of o-Nitro-alkyl-benzene
Reactants
.2 mol o-nitro-n-alkyl-benzene
100. cc. methanol
3.5 cc. concentrated hydrochloric acid
33. gnm. iron filings
The nitro-compound, the methanol, and the hydro-

chloric acid are placed in a 250 cc., 3-necked flask
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equipped with a heater, mechanical stirrer and reflux

condenser. The material in the flask 1s brought to a
boil and the iron fllings are added in four portions
over flve minutes. It 1s then refluxed for two hours.
Since the amine formed has very low volitility, steam
distlllation 18 not used for 1its removal from the re-
action mixture. The hydrochloric acld is neutralized by
a calculated amount of sodium hydroxide (2.58 gm.) in
solution. The residue 1s filtered off and the methanol
is vaporized. A small excess of hydrochloric acld is
added and the materlal 1is cooled to 20°C. A thick

pasty mass separates which can be filtered cold, or with
the amines of lower molecular weight, a liquid separa-
tion can be made. The volume of agueous solutlon should
be kept very small before the separatlon because the
hydrochloride 1s quite soluble. The alkyl-aniline-
hydrochloride 1s treated with caustic, absorbed in ether,

and dried over anhydrous sodium sulphate and distilled.

Alkyl-aniline B.P.°C. % Yield
o-Octyl-aniline  172-177 (13 mm.) 85
o-Hexyl-aniline 151-166 (13 mm.) 80

The percent yleld 1s glven on the basis of the

nitro-compound.
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Octyl-rosanlline Dye

The method outlined for the preparation of rosani-
line by Cain and Thorpe (6) i1s used for the preparation
of octyl-rosaniline. Ortho-octyl-aniline is substitut-
ed for o-toluidine. The method i1s known to produce a
variety of products. It can be expected to do so in the
preparation of octyl-rosaniline. The structural formu-
la of thls product 1s not definitely known but from the
procedure followed 18 assumed to be:
HEN(1=z)c(_;H}.c;‘,.cGHlPNH2

CgHy: NHoCL
Octyl-rosaniline

The method proceeds according to the method of
Cain and Thorpe to the point of salting out the dye.
Here, in place of crystals forming, an olly material
forms on the surface. It contains many impurities which
must be separated in order to obtain the purified octyl-
rosaniline.

Durlng the purificatlion, a number of other com-
pounds are noticed by thelr color. A brown oil-soluble
substance 1ls separated. A black substance which 1s rel-
atively‘insoluble in dilute alcohol 1s also separated.
The latter substance glves a vlolet to brown color in
strong alcohol solution.

The percentage yleld of octyl-rosanliline 1s bhased

on the octyl-aniline used in the reactlon mixture. The
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very low yleld reported 1s due to three maln factors.

The octyl-anlline is used 24 percent in excess in the
reactlion mixture; silde-reactlons are prevalent; and
some of the material 1s lost in attempting different
metheds of separation. The yleld to be expected on
makling ordinary rosanlline 1is only about 40 percent.
Procedure for Preparation of Octyl-rosaniline
Reactants
6.2 gm. aniline
7.1 gm. p-toluidine
19.0 gm. conc. hydrochloric acid
17.0 gm. o~-octyl-anliline
These reactants are heatsd to 130°C. in a 3-neck-
ed 500 cc. flask. Then the rest of the reactants are
added.
5.1 gm. anillne
3.6 gm. p-toluidinse
12.9 gnm. o-octyl~aniline
20.4 gm. nitrobenzene
The flask 1s now provided with a mechanical stir-
rer and & thermometer, and is heated to 100°C.
Iron powder, 1.1 gm., dissolved in hydrochloric
acld 1s added over a perliod of a few minutes.
leaving one of the flask openings open for the
vaporization of water, the flask 1s gradually heated to

about 180°C. At a temperature below 180°C. an alr
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cooled reflux condenser 1s connected to the.remaining
flask opening. Heating at 180°C. is continued for a-
bout 4 hours.

During the heating perlod, a red color develops in
the reaction mixture. When material from the reaction
mixture becomes solid on a glass rod, the reaction 1s
consldered complete.

Aniline and toluldine may be steam distllled from
the reaction mixture but unreacted octyl-aniline distlls
with difficulty. Complete separation 1s not made.

After steam dlistlllatlon, the melt 1is poured witn
stirring into 200 cc. of bolling water. 4.5 cc. of con-
centrated hydrochloric acld are added to obtain an acid
reaction and the mixture 1s bolled for a few minutes.
Care must be exercised durilng boiliné because of the
tendency to foam.

The dye 1s salted out ﬁith about 10 grams of salt.
A black oilly layer and a black agueous layer form on
standlng. They can be separated by use of a separatory
funnel by noting the difference in vliscoslty. After
separation the olly layer 1s agaln treated with water
and acid and again salted out. The agueous layer con-
tains much less black material and is easler to sepa-
rate. After the second separation of the olly layer, it
is placed in a beaker and heated to about 60°C. A black

tarry substance separates and ls removed. DBeakers and
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the separatory funnel used become coated with the black

tarry material. It 1s dissolved off with alcoheol and
after vaporization of the alcohol 1s returned to the
maln body of material. Dissolved in alcohol, the mate-
rial has a red color.

The tarry mass 1s treated with a small amount of
hot water, and after drying, with benzene. A black tar-
ry materlal remalns which turns to & hard resinous sub-
stance on standing.

The solid substance 1s extracted with a 50 percent
alcohol solution untll the color of the alcohol begins
to change from a red to a purpllsh red color. The ex-
tract 18 evaporated down untlil a brown solutlon is left.
The tarry substance which separates out 1is washed with
water and taken as the product.

% Yield, basls of:

octyl- octyl-
Grams anlline benzene
Octyl-rosaniline 7.8 15 3.7

The product is a dye of red color. It has very
little solubllity in water or in benzene, but 1s soluble

. In concentrated ethanol.
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DATA

FLOTAT ION OF CHRYSOCOLLA

Collector: butyl-malachite green
Mineral mixture: 1 gm. chrysocolla, 99 gm. sand,

.235 % copper
Frother: pine o0ll as needed

Concentrate
gﬁ?' Kesh Azent #/ton Min. pH Crams ;z;ggég ggz;
15 150-200 HF .03 T 4.3 2.34 nil 3-26
16 150-200 HF . 024 8 4,1 trace 3-26
32=-A =200 .01 2 8.3 2.23 2.6 Lady
-B .01 2 1.55 1.6
-C .01 2 1.84 1.2
-D .01 2 l1.23 1.0
~-B .01 2 1.70 1.0

Mineral mixture: 1 gm. chrysocolla, 99 gm. dolomlte

.235 % copper

Concentrate
Exp. Dye Time cc.N/10 Date
No. Mesh Agent, #/ton Min pH Grams NasSo0% 1947
12 -200 no «054 3 7.8 3.52 trace 3-25
pine oil
13 -200 ‘ 036 2 7.9 7.05 gome 3=25

copper
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. Concentrate
EXpo Dye Time cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams Nas8203 1947

33-A =200 Alp(SO4)3 01 2 T« 2,08 trace 4=4
b ;‘/ton3

-B .01 2 l.66 trace
-C .01 2 1.79 nil
-D .01 2 1.02 trace
-E .01 2 l.22 trace
- .01 2 1.50 trace
-G .01 2 1.47 trace
-H .01 2 «89 nil

A large amount of aluminum bydroxlde 1is formed in

the chemlcal analysls.

Collector: hexyl-malachlte green
Mineral mixture: 1 gme. chrysocolla, 99 gm. sand,

235 % copper
Frother: pine o0il as needed

4 Concentrate
Exp. Dye Time cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams NapSs03 1947
4 150-200 .028 2 7.8 1.40 l.4 3=22
5 -200 303 3 708 2-49 4-2 3"22
28=-A =200 HF 02 2 4.1 3.49 1 4-1

"B oOl 1 6061 300
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Concentrate
gﬁ?. Mesh Agent g;gon ﬁiﬁ? pH Grams §:ég203 ESX?
30-4 =200 HF .0l 2 4.0 1.52 .2 4-1
-B .01 2 3«79 1.6
~C 01 2 4,30 1.0
37  ~200  HpS0y W11 4 4.7 12,71 .9
31-A =200 .01 2 T.9 2.50 3.9 4-2
-B .01 2 2,48 4.6
-C .01 2 4,52 6.7
-D .01 2 5.94 3.1
- .01 2 Te40 3.6
-F .0l 2 5.90 6
;G .02 2 10.90 trace

Mineral mixture: 2 gm. chrysocolla, 98 gm. =and,

47 % copper

Concentrate

EXpe Dye Time cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams NapS503 1947
A-1l 150-200 HF : 3.4 2.20 l.4 3=13
27 -200 HF .05 2 4.1 4,61 5.5 3=28
A-17 =200 HF, .016 6 3.6 2.08 2.0 3-17

ciltrilc

acld

.5 #/ton
A-13% =200 HCl .01 5 4.0 1l.75 3ol 3«17

' o4 #/ton

-5 .01 5 3033 4.6
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Mineral mixture: 1l gm. chrysocolla, 99 gm. dolomite,

«235 % copper

- Concentrate
Exp. Dye Tilme cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams NapS;03 1947
A"A "150 002 7 702 3002 2-25
(not deslimed)
6 150-200 .03 3 T4 5.16 nil =22
1  -200  NazPOy 014 6 8.2 4.51 1.0
.5 #/ton
«32 #/to
2 200 sodium <014 nil
silicate
o4 #/ton
9 -200 acetic <04 5 Tl 8.47 nil =2
aclid
14.7 #/ton
8~A <200 acetlc <04 3 704 11097 nil 3-24
acld
4.2 #/ton
-B «022 T.64 nil

Mineral mixture: 2 gm. chrysocolla, 98 gm. dolomite,

47 % copper

Concentrate

Exp. Dye Time cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams Nas8s03 1947
25-4 =200 .06 1 9.58 3.3 3-28

-B <06 1.5 4,75 2.5




Collector: octyl-malachite green
Mineral mixture: 1 gm. chrysocolla, 99 gme sand,

0235 % copper

Frother: pine oll as needed

Concentrate
4%%?. Mesh __ Agent [fon ﬁiﬁ? pH_ Grams §§é§293 zgzi
34=A =200 <0l 2 8.0 1.19 2.4 4=5
=B o0l 2 2.05 4.5
=G o0l 2 le4y 3.6
=D «0l 2 1l.52 3¢5
=E 01 2 1.60 2.9
-F 01 2 75 1.7
36=A =200 0«03 2 8.1 1.82 6.5 4=8
=B «03 2 1.56 645
-C 03 3 1.94 6.5
-D «03 3 2.20 4.4
-E 02 2 2.54 3.7
-F «03 2 1.53 9
-G : 024 2 337 8
43-h4 =200 conc.HCL +03 2 6.6 2.02 3.8 4=12
01l cc. :
-B <03 3 2.09 3.4
«C «03 2.5 1.83 J3.6
=D «03 2.5 3642 3e3
-k 03 2.5 3.07 3.1

-F .03 205 2043 2.2
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Concentrate
Expe. Dye Time cc.N/10
No. Mesh Agent f#/ton Min. _pH Grams NapSp0s 1947
37 -200 HpoSCy, «11l 9 4.7 12.71 .9 49
47-A =200 NepCO3 .04 3 8.1 .58 2.2 4-16
«04 gm.

-B o4 3 A4 2.7

-C <O4 3 .85 4.1

-D .OL[- 3 2.48 706

- <04 3 3.12 4.7

-'F -04 3 3.53 4-4

Mineral mixture: 1 gm. chrysocolla, 99 gm. dolomite,

.235 % copper

Concentrate
EXDe Dye Time cc.N/10 Date
No. Mesh Agent #/ton Min. _pH Grams NaoSo03 1947
.4 #/ton
"B 001‘&‘ 3 1066 nil
~C .04 2 1.11 nil
-D « 04 2 .63 nll
7

.12 9.07 nil
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Collector: octyl-rosaniline

Mineral mixture: 1 gm. chrysocolla, 99 gm. sand,
.235 % copper
Frother: pine oll as needed

Concentrate
Exp. Dye Time cceN/10 Date
No. Mesh Agent #/ton Min. pH Grams NapSp03 1947
38"A -200 004 2 800 5.34 5-0 4"’10
-B 004 2 7-19 108
39-A =200 .02 2 8.3 1.82 2.8 4-11
-B 002 2 2-68 205
-C .01 e 273 1.5

Mineral mixture: 1 gm. chrysocolla, 99 gm. dolomite

.235 % copper

Concentrate
EXpe Dye Tlme cc.N/10 Date
No. Mesh Agent #/ton Min. pH Grams NapS;03 1947
42«4 -200 (SO ) .03 2 ' 2.52 1.0 412
%#/ton
-3 .03 2 67 nil
-C .03 2 .52 nil
-D | 06 4 1.98 1.5

-E ; 04 4 50 -5
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