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Abstract

Fuatty chemicals are widely wsed as flotation eol-
lectors in the mineral-proecessing industry and, even
though thig applieation is guite old, improvements
are being made with regard to both application and
utilization. Most of the fatty chemiecals that are used
in flotation are used in the processing of industrial
minerals such as phosphate, potash, iron ore, eement
rock, and feldspar,

The anderztanding of the lunctioning of eolleetors
i3 not complete, and only recently have coneerted ef-
forts been made in regearehing this area with tools
such as electrokinetics, radiotracers, infrared spec-
troscopy, and adsorption messurements. I appears
that a thorough knowledge of the behavior of inor-
ganic solids M aqueons solutions will he required
before a full appreciation of collector hchavior can
be made.

Introduction

ATTY CcHEMICALS play an important vole in many in-

dustrizl proeesses, but nowhere is their importance
greater than in the coneentration of industrial rinerals.
They are uwsed as the principal active ingredient in the
Hotation processing of phogphate, potash, and Teldspar.
(ilass sand, harite, eemeni rock, and vecently iron ore are
also treated by Uotation althomgh they do not have the
same imporianee as the Arst three. The reasons why flo-
tation is important are found in the size of mineral parbi-
cleg that are treated effeclively, the selective nature ol the
process, and (he convenience of bandling materinl s
slurrics.

Although flotation was diseovered in the modern eon-
copt about the turn of the century, it was not until the
10230°s that it was applied to phospbate and potash and
that the important use of fatly chemicals hegan. Tn 1960
about 200 willion tons of ore were ireated by flotution m
the United Btales, about onc-sixth of which was industrial
minerals. .

Tiotation i3 a physieal sepavation proeess which uti-
lizes induced diffevences in specific gravity to effect sepa-
ration. An agglomerate of solid and aiv s [ormed which
will float to the swrface of the pulp and can be seraped
off the surlace. The usual separation in tresting mineral
deposits is between solidsy one solid phase is selected from
a mixture of several phases. Obwiously it is neeessary to
liberule ihe phases from each other prior to the separa-
ton. Beeause there is 2 muximum size of solid particle
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Fiz. 1. Change in mercury surface tonsiom caused by ad-
gorption of dodecyl sulfonate.
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that can be floated in a suspension, the ore mnst he re-
duced beyend this Limiting size. The limit depends on the
specific gravity difference Letween the solid and the liquid
and the nature of the reagentized surfuce. For example,
a 20-mesh particle (0.8 mn) is ahout the larpest quartz
or phogphate grain that can be floated whereas a 2-mm
sylvite or coal granule can he floated. At the other end
of the size gpectrmn there i3 a minimmm-size particle that
can be cfficiently treated 'n mechanical subzeration ecells.
This lower-size limit iz ahont 204 g,

After the material iy liberated and properly sized, it is
eonditioned with a reagent or reagents that will cause one
phase to be wetted hy air rather than water. This selec-
tive reagentizing is the key fo the separation and jz the
point where the tatty chemicals play their role. To under-
stand somathing about the important properties of these
chemicals 1n this regard, it js neeessary to examine some
theorctical aspects of wetting,

Theoretical Background of Wetting
Contact Angle

The degree of hydrophobicity of a surtace iz determined
by the magnilude of the contset angle ercated hy the at-
tachmtent of 4 gas hubble to a solid when 1t is lhunersed
n a solution. There are a few naturally hydrophobic
solids, & chavacteristie whieh is determined by the number
and density of broken van der Waals bonds as opposed
to ionie bonds at the surface (1), but most winerals are
hydrophilie.

To render a naturally hydvophilic mineral hydrophobie,
a chemical s added which adsorbs at the golid-liynid in-
{erfuce. These chemieals, which are called collectory, eon-
sist. of fatty aeids, petroleum sulfonates, fatty amines,
fatty sulfates, xanthates, and dithiophosphates, Al are
heteropolar with a hydrocarbon gronp on ome end and an
ivnizable [onetional group on the other. The contact angle
# iy measured between the solid and the gas throngh the
lignid phase. A statie foree halance states that

¥8G — 8L = 0L COS8
where ¥8G, y8L, and v(IL, are the interfacial free cnevgies
at the solid-gas, solid-liguid, and gas-hgoid interlaces.

In many cases (2} the eollector has little influence on
(3L, but it does lead usnally to am ineresse in the eontact
angle. Under these conditions the quantity (3G — +8L)
musl bave deereased. Both values must have changed in
the same direction (23; if 8L desreaged, then v83QG must
have decreased more, or conversely 1f B increased, then
¥SL must have increascd by a greater amount.

Gibbs Adsorption Eguation
Applieation of the Gibbs adsorption equation (3):
dy = —2Indnm,

where y I8 the interfreisl ree energy, Iy is the adsorption
density of eompunent i, and du, is the change in chemieal
potential of eompunent i, shows that positive adsorption
leads to a deerease in the interfacial tension. [t beeomes
obvions aiso that adsorption at the gas-solid interface must
exceed that at the solid-liguid interface. These predictions
were made from the considerations outlined and have bheen
tegted in the work of Smolders (4) and Aplan (5) (¥ig-
nre 1}, whieh show that the prediclions are correet. The
same arguments which apply to the adsorption of colleetors
can also be nsed to explain the action of activators (species
which aid in the adsorption of the collector) und depres-
sants (species which prevent the adsorption of the eol-
leetor). In faet, these arguments suggest that such de-
pressants as starch may function hecanse they are adsorbed
only at the solid-lignid interface and not at the gas-solid
interface. A large decrease in vSL wonld result, but vSG
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wonld not he affeeted and the difference (v8G — 8L, —
{733 — y5L), > O, which means that the contact angle
would have to decrease.

Collector Adsorption

The digcussion up to now has dealt only with the out-
ward result of ecollector adsorption and the formation of
a contact angle. The means by which the collector in ad-
sorbed at the interface is also of interest, and many at-
tompts have bhcen made to elucidate the mechanism of
adsorption.

Chemisorption

There are two distinet types of adsorption. The first,
which i3 closely related to LO[U.p(]\ll'ld formation {6), is
called chemisorplion because it is believed to involve a
large energy change and beeause the adsorhed material is
lield tenaciousty at the interface (7,8), Examples of this
type of adsorption arc xanthales on sulfide minerals and
cleates on sneh mineraly as caleite, flnorite, and apatite.
Recently (8-10) infrared speetroscopy has been used to
study the natore of the bonding hetween the collector ad-
sorbed on the mineral; Figure 2 shows the infrared speetra
for oleate on fluorite. Kigure 3a shows the adsorption
density of oleate as a fenteion of pH for Muorite. The
curve which reaches a maximum at pH about 9 is identi-
fled as the ehomisorbed oleate by a combination of itz in-
frared adsorption peaks at 6.4 and 6.8 p and the fact that
it was tenaciously held on the anrface.

The relationship between adsorption and eoneentration
iz alzo chavaeteristie of chemisorption, and this is shown
in Figure 3h. Similar results have heen oltaiued by using
this infrared technique for oleate adsorption on homatite
(11). Systemz in which the eclleetor is chemisorbed do
not provide a large measure of seleetivity, For instance,
the ealeinm minerals referred 1o {ealeite, fluorite, and
apatite) all chemisorb oleates, and the adsorption goes
through a maximnmn in the pH range from 8 to 10, In
order to achieve selectivity in a system involving any two
of these minerals, it 1s unecessary to take advantage of
slight differences in adsorption demsgity hy close couteol
of the collector concentrgtion, to use selective depressants,
and even to adjust the temperature.

The identity of the collecting species is still subjeet to
considerable speculation. Quartz in its pure state, for ex-
ample, cannot be lloated by using a long-chain fatty acid.
The addition of an agent called an activator will cause the
adsorption of oleate and subsequent flotation. Studies
([2-14} have shnwn that, when quartz is activated by
snch alkaline carth 1omg as Ca** and Ba*, the adzorpiion
density of the activator must exeeed that ‘of the eollector.
Tu this system denetivation can ceeur by adding too mueh
oleate. It was shown too that the solubility of the soap
need not he exceeded to achiove gund flotation.

Other heavy metal and alkaline earth ions will activate
quartz for oleate flotation {15317}, and it has boen sug-
gestedd that ap hydroxide complex of the activating ion is
the aclive speeies. Thus it has heen demonsiraled that
quarts is activated for sulfonate Hotation by iron, alu-
minum, lead, manganese, magnesinn, and caleinm approxi-
mately in the vrder of the solubility of the hydroxides of
these ioms.

There are many complicating factors in understanding
soap flotation, such ay the complex nature of the soap
ions and davk of data regarding the solubility of metal
soaps. The data that are avallable were collected recently
{18}, but they are not very cowmprebensive.

Much effort (19-28,47) has gone into analyzing the flo-
tation aetivity of various falty acids, partienlarly the 18
carbor aeids of differing degree of saturation,  There
does not exist wuch agreement between the investigators
even though the topic seewms straightforward enough, In
general, it appears that the saturated fatty acids which
formi the most insoluble heavy-metul zoaps are the bost
eollectors, However getting these insoluble collectors into
solution and adsorbed ou the interface iw difficnlt and has
caused some eonfusion in experimental work.

One investigation (25) found ihat the order of efficacy
of the 18 earbon fatty aeids from stearie to linolenie was
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Fia. 2. Infrared gpectra of chemisorbed oleate on fluorite.

opposite, when floating hematite, trom that which was oh-
tuined when floating calelum activated quarte.

A variety (29) of rather exotie fatty aeids from 14 to
20 carbon were tested for phosphate separaiion from
guartz, and no exciting differences were revealed. Im gen-
eral, most of the results could be rationalized on the basis
ol the collector solubility or emulsifiability in water and
the solubility of the leavy metal soap of the wineral eation,

The choice of colleetor in any particular industrial ap-
phication is rather interesting because of the different fatty
acids available. Even from the by-products ol paper man-
ufacture several produets, inclnding soap skimmings, evode
tall oil, refined tall oil, light ends, and rosin acids, ave
available, One ol the Florida producers prefers soap
skimmings whereas all of the others seem to prefer somao
form of fatty acid with a little rosin acid. US Patent
3,067,875 advovates a partienlar mixture of falty and
rogin acids as the most economical mixture,

Reagent Addition

The problem of making the colleetor availahle for ad-
gorption has reecived smme attention hoth from a theo-
retical (30,31) and practical {32,23) wviewpoint. One
reeomnmended proeedure i to emulsify the fatby acid
pither wiih a [rother or a sulphonate, or by meehanieal
agitation. Oune recipe (34) calls {for an ewulsion of fatty
ac1d sulfonate, and tuel oil as the flolation agent. In al-
most aull cases where fatty acids ave used, the reagent is
eemditioned with the mineral slurry at lugh pulp llcnqh
for about 2 to 10 minutes (34b). When amines are nsed
as the colleetor, the reagentiving step may be omitted, as
in quartz flotation frowm phosphate, or wmay he about 5
minttes as in potash.
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Temperature

The beneficial effects of elevated temperatures have heen
recognized for many vears (25,30-38), but only in the
case of flnorspar flotntion has it been utilized regularly.
More recently (39,40} pulp hcating for iron ore ilotation
has been adopted, and both coneentrate grade and reeovery
have been improved. In most cases the majorify of the
benefits can be achicved by heating during only the re-
agentizing step. Bince most fotation conditioning, espe-
clally that for fatty acids, is done at a high pulp density,
the advantages of heating can be had for the minimum eost.

Physical Adserption

The seeond kind of adsorption of importanee in flota-
tion is ecalled physical adsorption because it depends on
weaker bonds, 15 less tenacious, and shows little dependenee
on the substrate composition. The fatty amines, alkyl sul-
lonates {short chain), and alkyl sulfates are ususlly con-
sidered to be physieally adsorbed, The encrgy of adsorp-
tion is derived from a comhbination of eleetrostatic and van
der Waals honds.

Before considering the adsorption, it is necessary fo ex-
amine the characteristics of solid surfuces in contact with
an aquecus solutiom. It has been reeognized for a long
tune (41) that an eleetrical charge exists at the solid-
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lignid interface and that this sharge ean be varied in both
sign and magnitude by adding eertain chemienls to the
gystem. A sehematic representation of the interface is
shown in Figure 4, The solid Is visnalized as having a
fixed, uniformly distributed charge. To maintain electro-
neutrulity an opposite charge ol the same magnitmde oxists
in the solution phage immediately adjacent to the solid.

This system is what is veferred to as “the dounhle layoer,”
and it has heen deseribed theoretieally {41) and atternpts
have heen made to use the theory of the diffuse double
layer to explain the action of various chemicals in flo-
tation (42-45).

The surfaee potential is governed hy the concentration
of potential-determining ions and cun be ecaleulated from
the Nernst eyuation. The adsorption of the eollector,
which determines the flotation recovery, is described semi-
guantatively by the relationship

' = 2rn exp ( —Zelt
KT

where r Is the radius of the adsorbed jon, n is the number
of ions per em® in butk, and T is the adsorption density
within the Stern plane,  Is the zeia potential that is con-
sidered to be the same as ¥y, ¢ is a speecifiec adsorption
potential ennsed by van der Waals honding between the
hydvoearhon portion of the collector molecule, K is the
Bolizman econstant, and T is the absolule temperature.

Tt hay been demonstrated by a nuwuber of studics (25,
46-51) that flotation response g directly related to the
surface potential. An example of the cloge correlation of
the varions measures of interfacial phenomenon is shown
in Tigure 5 {46). It iz clear that as the zefa potential,
which is a measure of the surface potential, increases, the
adsorption of an uppusitely chareed colleetor increnses.
The data are presented as a lunetion of pH hecause H-
and OH- have been shown to be potential-delermining Lor
this mincral {52).

Ju lact, these studies all show that these ions are po-
tential-determining for all simple oxides and some other
minerals ag well. The point ai which the surface has zero
charge (#PC) iz ohviously an important characteristie of
the [lotation system, Many delerminations of the ZPC
of minerals have heen made, and they were recently eol-
lected in an  excellent review (53). The concepts of
potential-dotermining iong and surlace charge are not
limited to oxide systoms; in fact, silver lodide wus one of
the first solids studied extensively (41) and, more recently,
attempts have been made to study sulfide winerals by ad-
sorption teehniques. Silver suolfide (54) is the only one
suceesefully examined and the same type of bshavior was
fovud,

(Continued on page 438A4)
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(Continued from page 400A)

The parameter ¢ was introduced as a specific adsorp-
tion potential to aceount for adsorption dengities that are
much gireater than predicted by the original equation (55).
Tt has heen cvaluated for Ca'™ adsorption on guartz (56)
and dodecylamine on quartz {(57), silver sulfide (58}, and
silver iodide (59}, It iz signifieant that the values deter-
mined for dodecylamine appear to be independent of the
asubgtrate and therefore mnst be charactenstic of the
dodeeylamine,

Hemimicelles

The obgervation that some peculiar asseciation took
plave at a particular solution concentration led Fuerstenan
{60) to postulate the existence of hemimicelles. These are
regarded as two-dimengional analogs of mieelles, and re-
cently (61) it was shown that there is great similarity in
the properties of micelles and hemimieelles. The measured
valae of the parameter ¢ was 1 KT (0.6 Keal) per CH,
group.

The concept of hydrocarbon assoeiation at the solid-
liquid interfaee helps to explain many phenomena, inelud-
ing the effeet of pH on weakly acidie or weakly basie eol-
lectors and the enhanced hydrophobicity that can he
achieved by using a nonpelar hydroearbon along with a
collector. Heeent studics (62-64) have shown that the ad-
dition of ncutral molecules to a flotation system produces
comtact angles greater than any that can be achieved hy
the collector alone and that this resalts in an enhanced
flotability (Figure 6).

The model proposed to explain these obscrvations en-
vislons a layer of adsorbed collector ions. Because of the
charge on the polar end of the adsorbed molecule, there
is a limit to the smount of adsorption of ionie species that
ean oceur. However nonpolar moleeules ean adsorb by
van der Waals bonding between the hydroearbon portions
of the molecules and therehy give rise to enhanced hvdro-
phohieity. Because a certain collector adsorption is re-
quired hefore the extender can be adserbed in any ap-
precisble amount, the effect is selective and only those
minerals with whieh a eollector interacts will he changed.

These experiments and this model help to explain the
faet, observed in all phosphate and potash plants, that
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the use of hydroearhons (extenders) produces both higher
grade and higher recovery,

This discussion has heen pregented under the topie of
physical adsorption, but it appears that the samc phe-
nomenon applies to fatty acide (65) and certainly wust
apply to the interaction of fatty aeids and hydrocarbons.

Slimes

Assoviated with almost all mineral deposits is a cortain
amount of clay that results from the weathering of silicate
minerals. Beeause of the elay some very fine particles arve
generated during liberation and by handling during pro-
cessing. These fine particles arc referred to as slimes and,
even though they may be composed of widely different
minerals, they ure always troublesome in flotation. Several
studics have been made to determine how slimes influence
flotation (66-69), and it is now clear that these fine par-
ticles adsorb ou the surface of large partieles and hinder
the attachment of bubbles. There are two remedies eom-
monly applied. One js to eliminate the slime fraetion, as
is done in phosphate, potash, and iron ore treatment; the
other is to add a reagent such ag stareh to make the slime
sige particles bhydrophilie and unreaetive toward the de-
sired solid. The existenee of slimes is important in the
utilization of fatty chemicals bheesuse those coliectors
which are physically adsorbed, eg., amines, sulfonates,
and smlfates, are more sensitive to the noxiouws effects of
slime than are the collectors which are chemisorbed, e.g.,
fatty acids, This i one of the reasons that a straight amine
Hoat of quartz 13 not used in phosphate rock processing.
The fatty aeid rougher flotation is not as adversely affected
az an amine would be by the slime that slips into the feed
strean.  After roumgher flotation and aeid scrubbing the
slime eontent is greatly reduced, and amines can be used
for the second float.

Industrial Flotation

The flotation processing of phosphate and potash will
serve to illustrate the application of the principles which
have been digenssed. A deseription of these and other in-
dustrial separation proceszes ean be found in the litera-
ture (70).

FPhosphate

The Florida phosphate {71} deposits consist essentially
of three mincrals, quartz, apatite (the pheosphate mineral),
and clay. The ore iz mined by dragline, slurricd with hy-
draulic giants, and pumped to the proeessing plant. A
separation of the clay is made by desliming the feed
glurry in either eyclones or hydrogeparators. The lower-
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size limit is usually about 0.1 mm, and the top gise is lim-
ited to 1 mm. The feed is spiit wmto two-size fractions, a
eopree Teed 1 wun /08 mm and 06/01 mm. These two
fractions are both freated with reagents in a similar fash.
ion, bui the coarse ore Is treated on “such deviecy as spirals,
tables, belis, or wndorwater sereens whereas the fine frae-
tion 15 treated by froth flotation. The reagents added are
sodium hydroxide Lo give a pH of 4.5, 'FﬂttV acid, and an
extender. The fatty ﬂ.ud 15 usnally a tall ol fraction, If
it iz soap E.knmnmn., it iz added as a 5% agueous cmul-
sion whereas erude or vefined tall oil would he added di-
reciiy to the econditioner, Tt is uwsmally necessary to heat
the futly acds so that they ean be pumped and metered
readily. The extender is usually a heavy oil fraction or a
mixture of Bunker ¢ and kerosene. The mixture is com-
ditioned at about TG¢h solids for about 3 minutes, then
is dilnted and seut to the lotation eclls, The mndltlonmg
step 18 an important one becaunse the collector reagent
mnst now become altached to the mineral. [t is apparent
that a high-energy intensity and short time are desirable,
the high cnergy to assure thorough dispersion of the eals
tector “and the ghort time to minimize the generation of
undesirable slime by the frieble phosphate. The feed to
the eells 1s ahout 3045 BPL, 70% insoluble; the concen-
trate 1s ahout 65%, BPL and "ar’c insoluble. {Figure 7).

This coneentrate is serubbed with sulfurie acid to re-
move the hydrophobie eoating from apatile, then washed
by decantution with eyelones. The washed prodnet, which
15 now slime-free, 1x diluted to about 25% solids, the pH
is adjusted to about 7.5, and amine and kerosene are added
to float off the guartz. (Figure 8).

Primnary amines have been lhe principal ecationie col-
leetor for many vears, but recently at least two phosphate
producers have Leen using amidoamines. Sinee the amides
have recelved little atlention from the research vommun-
ity, almost nothing is known about their funetioning. Re-
cently bete primary amines were Introduced and are re-
ported to offer enhaneed %eit'oti‘iit\' over normal primary
mnines in separating silien from irem oxide (72). The
preparation of the amine 18 (70) important because it
usually i given little conditioning tine go that it wmust be
in 4 rcadﬂy digpersible form to be effective. The Lerosene
served two funetions; it acts ag the extender as well as a
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froth-contral agent. The long-chain fatty acids and amines
act as frothers, and on occasions the froth becomes too
walery and voluminous, XKerosene addition to a pulp with
this kind of troth reduces the froth volume and mukes the
froth drier.

The uuderflow from the amine flotation iz the final prod-
uet with assuys of 2 39 inscluble and 7H-73%, BPL. The
rECOVEry 1n hoth cirenits is about 909 %

Potash

Sylvinite, the prineipal ore ol potash, is a wmixlove of
sylvite (KCI), halite (NaCi), and cuy, Ln some deposits,
such as in Carlshad, some sulfate minerals ure present
whereas in the Canadian potash wines there is no suliate
but there is some carnallite (MgCl * TCI - 6H.0) (73).
Flotation geparation of sylvinite ores (*011st1tuled a ma,gnr
advance in flotation technology because it is carried out in
a saturated hring.

The mined ore is comwminuted fo liberation size by u
combination of erushing in impact mills in clowed eireuit
with sereens and ol grinding with Tod wills in slosed eir-
cuit with classifiers. Ridding the ove of elay, a step called
desliming, follows and is one of the most mportant steps
in the processing and one of the most troublesome. The
desliming must be done in saturated brine which coniains
approximately 1 1h of KOl per gallon, The recovery of
hrine frow: the slime iy economically necessary but phys-
ically difficult. Therr always scems to he some swelling
clay {montmorillonite group} which will not eompact o
high pulp densities in thickeners, a ciromnstance that leads
to brine loss. (Figure 9}

Alter dejliming, the ore is split into two-size frachions:
coarse, which is approximately 2.4/0.6 mm, and fine, which
is 0.6/0.06 mm. These fractions ave treated separalely
through the reagentizing scetion,

The coarse is thickened to 60% solids by weight, eondi-
tioned with stareh to overeome the adverse influence of
residual slime, eonditioned with amine and extender to
render the sylvile hydrophobie, diluted to 25¢% solids und
frothor added, then sent to the firet stage of ﬂulatwn

The fine fraction iz thickened to about 50% solids by
weight, conditioned with starch, then amine {extender Is
omitled} diluted, and zent to the first stage of Qotation,
For simplieity in the operation and for minimizing con-
trol problems the ecarse and fine fractions may he comw-
bined heolore they are sent to the first stage of (lotation.
The froth produet from the first or vougher stage of flo-
tation contains an appreciable amount of fline halite, which
is trapped in the froth.

The. selectivity of amines for sylvite over halite iy vir-
tually perfect ind is the subject of several theories {Td—
77). The aminesd used are distilled high-purity, produced
from tall oil or animal fats with some de"’me of hydrogena-
tion, 'The reguired degrec of unsaturation {iodine value)
depends on the temperature of the brine. Higher tewpera-
tures require & greater degree of saluration to maintain
recovery at the same reagent addition. Amidommines do
not float sylvite. The rougher coneentrate is treated in &
secomd stage of flotation, ealled a eleaner, in order to.drop
aut the occluded halite and to produce salable-grade
concentrate,

There i8 & murked differcnee between phosphate and
potash with respect to final product specifications beesuse
sylvite is a ehemical compound with a unique eomposition
whereas apatite iz subject to a great deal of solid substi-

TARLI T
Jonsumption of fatty cheraients (X10-% Ib/3r)

A, Aming il

Phosphate 06,10 6.7
Patash  (eorront) - a1

(announced} R
Iron ore 1.t;Jal 7

) warts, feldspar 2.0
Tuta) 101.0 15.5

o Tretrolowm sulforate,



in the erystal lattive and consequently has a variety
uieal formalae,

L avne IS

There are several prohlews comunon to phosphate and
potash flotation, one of which is the flotation of coacse
partic There must he statie equilibrinm among  the
Lorees which Lold a bubble and a particle tooeth(‘r and,
beesuse ihe disruptive forees inerease rapidly with size,
there 15 a maximnm size which can he floated. These dis-
ruptive forces inerease as the density difference hetween
the solid and the sospending liquid inereazes. 'The forvees
of adhesion mervease as the contact angle inereases, and

that s why it is necessury to know something about wetiing.

Another eonunon problem is the identification of the
proper extender charaetevistics. The advantages of using
an extender are elear, bt how to 1dentily the best extender
is uot known.

The alime prohlem is, of course, vexing in hoth treal-
went schemes. Al the present time the hest lreatuent is
to chiminate the fine material as thoroughly as possible.
Btarches and similar compounds ealled “blinders” are help-
ful, but their functioning is nel thoroughly understood.

Magnitude of the Industry

The eonsumption statistics of latty acids, amines, and
oil that arc used as collecturs in the Hotation of phosphate,
potash, and iron ore are given in Table I. It these figures
are anywhere near covreet, then phosphate processing eon-
sumes most of the fatty actds used Ffor fotsilon. About
4597, of the amines ased in (lotation are used in phosphate
Pr oduction also. The only other large consumer of Aota-
tion reagents iz the patash industry, which eurrently con-
sumes about 279 of all fotation amines. Despite the size
of the ivon mdu.‘,try only g gmall portion of the iron pro-
duced is ireated by flotation and a eorvespondingly small
portion of the fotal collectors is used.

The greatest inercase in the consumption of {lotation
colleetors of the fatty chemieal group iy likely Lo epme
tfrom the expanding potash industry in Canada, A re-
mwendons merease in eapacity has been announced Lor the
next five vears, and it 1t is all brought on stream, it will
nearly double the present capas The iron indnstry ap-
proximales a sleeping glant with rvespeet to fHotation, but
it is unlikely that wlg..'n'lh(’atlﬂ\' largre inereases in flotation
will oceur within the next five VERTS,
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& Obitiaries

L. J. Leonary (1956}, Durkee Famons Foods, died Au-
gust 8, 1967, He had heen employed by Durkte Fawous
Toodz, Chicago.
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