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Abstract 
lvatt.y chemicals are widely used as flotation eel- 

]actors in the mineral-procreating i ndus t ry  and, even 
though  this appl ica t ion  is finite old, improvements  
are  being l~)ade with regard  to both applieatiort  a.nd 
utilization. Most  of the f 'att 5, chemicals that  are  used 
in floLation are used in the process ing of industr ial  
minerals  sueh as phosphate ,  potash,  i ron ore~ cement  
r e e k ,  aud feldspar .  

The unders tand ing  of the 2unetioni~g of  collectors 
is not  r , and  only ~eeen~ly have concerted ef 
for t s  been ~ua.de in researching this  a rea  with tools 
su,:]} as eleetrokiuetics, radiotracers ,  inf rared  spec- 
troscopy,  and adsorp t ion  measurements ,  I t  appear s  
tha t  g thorough knowledge of  the behavior of inor- 
ganic  solids in aquemas solutions will be required 
before a fuI.1 "tppreeiati(m of  collector behavior can 
be made. 

Introduction 

F ATTY (TIJ.J~[~IICJ~,S p lay  an  i mpor t an t  role in many  in- 
dust r ia l  t r y  sees, but nowhere is their impor tance  

greater  than  in the concentra t ion of indust r ia l  miDerMs. 
They are used  as the  principal  active ingredient  in the 
ilntation processing of phosphate ,  potash,  and  feldspar .  
Glas~ san  G barite, eenlent rock~ and receut ly iron ore are 
glee treated by llotation al though they do not  have the 
same in, por tance  as tht~ first three. The reasons why flo- 
tat ion is importa.nt  are l 'ound in the size of mineral  par t i -  
cles tha t  are treat<~d effe,+tively, the selectixe na ture  of the 
process,  arid the convenience of hand l ing  material as 
slurrh!~. 

Al though  flotation was disenvered in the  modern  con- 
cept  about  the tu rn  of the eentutT~ it. was not  ~ntil the  
1930's tha t  it. was appl ied to phospht~te and potash and  
tha t  the t a p e , t a u t  use  of fa t ty  chemicals he ,an ,  h t  1961) 
about  200 inillion tons of ore were treated by ftotation i~1 
the Uni ted States, about  one-sixth of  which was industr ial  
minera  ~s. 

F~ot.ation is s physit, al separa t ion  process which ut i -  
lizes induced ditlerenees in speeibc g rav i ty  to effect sepa-  
ration. An  agglomerate  of solid and  ah'  is formed which 
will float to the suxfaee [)f file pu lp  and  ca~ I}e scraped 
off the surface.  The usual  separa t ion in t rea t ing  mineral  
deposi ts  is between solids; one solid phase  is selected f rom 
a mix ture  of several phases .  Obvim~sly it  is n,!cessary to 
liberate the phases  fl, om each other pr ior  t~ f.t~e separa-  
tinn. Be.cause there is a m a x i m u m  size of solid particle 
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tha t  can be f~oated in a suet)enrich, the ore mus t  be re- 
duced heysnd  this  l imit ing size. The limi~ depends  on the 
specific g rav i ty  difference between the solid and the liquid 
and tbe naLure of the reagent ized surface. F o r  example,  
a 20-mesh partkde (0.6 am) is about, the lnxgest quartz 
or  phospha te  gra in  tha t  ean be finn.ted w h e r e a s  a 2-ram 
sylvite or coal granule  can be floated. At  the other end 
of the size spec t rum there is a minimum-size  p~rticle tha t  
can be efficiently treated in mechanical  subaerat ion cells. 
This lower-size l i m i t  is about  20 #. 

.After tbe, material  is l iberated and proper ly  sized, it  is 
conditioned with a reagent, or reagents  that  will cause one 
phase to be wetted by ai r  ra ther  than  water. This selec- 
tive reagent iz ing  is the key to the separa t ion  and is the 
point  where the fa t ty  chemicals p lay  their  role. To under-  
s tand someth ing  about the impor tan t  proper t ies  of these 
chemicals in this regard,  it Js necessary to examine some 
theoretival aspects  of wett ing,  

Theoretical Background of Wetting 
Cont~ac~  A n g l e  

The degree of hsdrophobic i ty  of a surface is determined 
by the magni tude  of the coz~t.aet a.n~le created by the at- 
tact :meat  of  a gas  bubble ~o a solid when it is immersed 
in a solution. There are a few na tura l ly  hydrophobia 
solids, a eha.raeteristic which i3 det.r ed by the number  
and d(msity of broken van der Waals  b(mds as oppnsed 
to icicle bonds at the surface (1),  tmt meal: minerals are 
hydrophilic.  

To render  a natural ly  hydrophil ic  min<!ra] hydrophobie, 
a chemical is added which adsorbs at the sol iddiqmd in- 
lerl'aee. :Yhese cimmicals, ~vhieh are called colleetors, con- 
sist  of  f a t t y  adds ;  pe t re leum suifonates ,  f a t t y  amines, 
fa t ty  sulfates., xanthate% and ditldopheslfimtes.  All are 
heteropolar  with a hydr,)earhon gr(mp on one end and an 
ionizs.hh! funct ional  g roup  on the other. 'J'he contact an~le 
0 is measured  between ~he solid aud t.he gas  ghrnugh the 
liquid phase.  A static force balance states tha t  

- / S G  - -  "rSL = ~/(I i, C 0 8 8  
whea'e 7SG~ TSL, and 7(]1, are  the interracial  :free energies 
a t  the s<flid gas,  solid-liquld~ and gas-liquid inters 

In m a n y  eases (2) the eolle(4:or has  little influence on 
TGL, bu t  it  does lead usual ly  to .'m increase in the coat.act 
angle. i_:nder these conditions the quant i ty  ( T S G -  ~/SL) 
m~st  bare  de('reased. Both vMues r e , s t  ltave changed in 
the same direction (2) ;  i f  7SL  decreased, then  78@ ~nnst 
have darn'eased more) or conversely if 7~(] increased, then 
7SL nms t  have increased by a greater  amount .  

~ l b b s  A d s o r p t i o n  l lqaation 

Apt)lieation of the Gibbs ads.rpt.im* equat iou (3) : 
d~, = -- XF, du, 

where 7 Js the i.nterYaeiai f ree  energ35 l'j is the adsorpt ion 
densi ty  of  component  i; and dn~ is the change in ehemieM 
potewcial of component  i~ straws tha t  pt~sitive adsorpt ion 
leads to a decrease in the interracial  tension. []t becomes 
obvious also tha t  adsorpt iou a t  the gas-solid interface m u s t  
exceed tha t  a t  the s , l id- l iquid interface.  These predictions 
were made  f rom the considerat ions outl ined and  ba r e  been 
tested in the  work of Smolders  (4) and  A p l a n  (5) (Fig-  
ure  1) ,  which show tha t  the predict ions are cor rec t  The 
san~e a rgumen t s  which apply  to the adsorpt ion  of c. l leetars 
can also be used to explain the  action of aeth,  at ers (species 
which aid in the adsorpt ion of the eollec, t(u.) and depres- 
sants  (species which prevent  the adsorpt ion  of the eel- 
hmtor) .  I n  fact,  these a~g~ments suggest  that  s~d~ de- 
pressa.nt.s as starch may  func t ion  because they are adsorbed 
only at the solid-liquid in terface  and : a t  a t  the gas-sr, Iid 
i r terfaee,  .A large darn'ease, in 7SL would result ,  but  7Sfl 
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would not  be affe, cted ~nd the difference (?S(r ~ , a L ) ~ -  
( 3 ' S G - - v S L ) ~  > (), which n~eans tha t  ~he contact angle  
would have to decrease. 

C o l l e c t o r  A d s o r p t i o n  

The discussion up  to now has  dealt only wi th  the out- 
ward resul t  of  collector adsorl)tion and the formation of  
a contact  angle. The mear, s by wl~icb the  collector is ad- 
sorbed at the ia terface is also [~f interest ,  and  m a n y  at-  
t empts  have  been made to elucidate the mechan i sm of 
adserI)tion, 

Chemisorption 

There are  two distinct types  of adsorpLion. !l~he first, 
which is elosely related to compound fo rmat ion  (6)~ is 
called ehemisorpt ion because it is believed to involve a 
large energy  change and beeause the adsorbed mater ia l  is 
held teImeiously a t  the interface (7,8). Exami)les  of this  
type of adsorpt ion  are  xant tmtes  on sulfide minerals  and  
clearer on such tnineral.s us calcite, fluorite, and apati tc.  
Recent ly  (8-7[0) in f ra red  spec t roscopy has  been used to 
s tudy  the na tu re  of Lhe bonding  between the collector ad- 
sorbed on the lninexal; F igu re  2 ~hows the inf rared  spectra  
for oleate Oil fluorite. D'igure 3a shows the adsorpt ion 
densi ty  of  oleate as a funLciou of pt-[ for  lluorite. The 
curve which reaches a max i mum at pF[ about  9 is identi- 
fied as Lhe chomisorbed oleate by a combinat ion o f  i ts [ii- 
f r a r cd  adsorp~i(m peaks at S,4 and 6.8 # and  the fact  tha t  
it, was tenaciously held on the sm'face. 

The re la t iouship between a d s o r p t i o n  and c, oncen~-.ration 
is also characteris t ic  oP (qaenesorption, and this  is shown 
in F i g u r e  3b. Similar  resul ts  have hee~ obtained by ttsing 
this in f ra red  tec)miqne for o]eale adsorpt ion  on bcrnatite 
(11). Sys tems  in which the eoIlectm' is eheulisorhed do 
uot  providt~ a large measure  nf sehmtivity. For  instance,  
the calcium minerals  re fer red  te (eah!ite, fluorite~ and  
apat i te)  all ehemisorb oleatcs, and  the adsorpt ion  goes 
th rough  a max inmm ia the pli range  front 8 to 10. In  
order to achieve selectivity in a system involving any  t.wo 
of these minerals ,  it ix necessary to take advantage, of 
slight, diffcrene~es in adsorptJo~ densi ty  by close control 
of the collector cenecntrat.inn, to use sercctive depressants ,  
and  even to ad jus t  the tempel'at.ure. 

The ident i ty  of the collecthig '~pecies is still subjec t  to 
considerabJe Sl)ceulation. Quar tz  in its pure  state, for  ex- 
anlt)le , cannot, bc lloated by us ing  a lena-chain  Patty acid. 
The addi t ion of  an ag'ent called an act ivator  will cause the 
adsorpt ion of  oleate arid subseque ,  t flotation. Studies 
( [2  .I4) have shown tha G when quar tz  is act ivated by 
such all;aline earth ions as Ca ++ and ]~a ++, the ads(>rl)~ion 
deIISlt%' Of the act ivator  must  exceed t ha~, of the collector. 
l u  ttfi:~ sys tem deact ivat ion can occur by add ing  too nmch 
e]cate. .It was shown too tha t  the solubili.ty of the soap 
need ac t  he exceeded ~o a,ehieve, good flotation. 

Other  heavy ~netal an(t alkaline ear th ions will activate 
quar tz  for  oleatc ~otat ion (25 17),  a~x(t it bar been sag  
gested tha t  a a  hydrnxide eoJniplex of  the act ivat ing ion is 
the active species. Thus  it has been dcmnns t ra ted  that  
quarLz is activaLed for su l fonate  l iotation by iron, alu- 
nlil luln~ lead, matig'ailesc, n.la~ilcsialn, and ca.lcimn appr,r>xi- 
Jnately i a  the order of the scAuhi]ity of  the hydroxld_es of  
these ions. 

There are slushy corriplicating factors  in understandis~" 
soap tic,at.ion, such as the con~ph~x i :aturc of the soap 
ions aud lack of  data re{ga,rding the, sohibil i ty of I'actal 
soaps.  The da ta  tha t  are available were collected re~;ently 
(18),  ba t  they  are not very comprehensive.  

Much effort (19-28,47) has  gor into ana lyz ing  the flo- 
ta t ion act ivi ty of  var ious  f a t t y  acids, l)arLicularly the 18 
carbon acids of  , ' l i f fer i l )~ degree of sa tura t ion.  There 
does not  exist  much agreeuLent between the  invcstiffators 
evm~ though  the topic seems s t r a igh t fo rward  enough, I n  
general ,  it appea r s  tha t  the sa tu ra ted  f a t t y  acids which 
form the most  insoluble heavy-meta l  soaps  are the bcsL 
coEectors. However  get t ing these insoluble collec.tors rote 
solution and  adsorbed OU the interface is dillhqdt and  has  
caused some cor)fl lsion it] expe~nea~tal  work. 

One invest igat ion (25) found  tha t  the order  of' efficacy 
of  the 18 carbon 2"a~t,y acids f rom stearic  to linolenic was 
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opp(>site, when floating hcmatitc~ f rom that  which was ob- 
tained when floating' calcium act ivated quartz.  

iX variety (29) of ra ther  exotic fa t ty  aMds f rmn 14 ~o 
20 carbon wore tested for  phospha te  separa t ion  f rom 
quartz,  and  no excit ing differenees were revealed. l ~  gen- 
eral, most  of the resul ts  could be rationalized on the  basis 
of the enliector solubility or emulsifiabili ty ill water  anti 
~he solubility of  the heavy metal  soap of the ~>ir cation. 

The choice of collector in any  par t icu la r  industr ia l  ap-  
plication is r a the r  interest ing becanse or" the different fatt.y 
acids availahle. Even 2rom the hy  products  os paper  man-  
ufaet.ure several prodncts,  including soap skimmings ,  erode 
tail o i l  refi~ed tall oil, l ight ends,  and  .rosin acids, are 
available. One or the F lor ida  producers  p re fe rs  soap 
sk immings  whereas all os the o thers  seem to p re fe r  some 
forln of  f a t ty  acid with a little rosin acid. US Pures t  
3,067,875 adv<)eates a partie.ular mix ture  of fa t ty  and  
rosin acids as tile innst economical mixture.  

Reagent Ad4ttion 

The problmu of  n,aking tile c*)llector available for  ad- 
sorpt ion has received stone a t teut ion  both from a tbeo 
retical (30,31) and pract ical  (32,33) viewpoint.  One 
recommended f)rocedzzre is tn emuls i fy  the s  acid 
either with a froti]er or a sulphonate ,  or  hy mechanical 
agitation. ()ate recipe (34) calls for an  emulsion of f a t ty  
acid, sulfonate,  and fuel oil as the ffotatioo a g e n t  I n  al- 
most  all. cases where fa t ty  acids are used, the reagent  is 
eonditioDed with the mineral s lurry  at a high pu lp  dcusity 
h~r about  2 Lo 10 >~iuutes (34b). W h e n  amines are llsed 
as the colhm~or, the reagent iz ing ztep may  he omitted, as 
in quar tz  flotation s phosphate ,  or may he al)o~t 5 
minutes  as in potash.  
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TemperatUre 

The beneficiM effects of elevated tcmperattaces have been 
recognized for  many years (2G3,~38), but only in the 
ease of  fluorspar flot.ation has it been utilized regularly.  
~ o r e  recently (39,40) pulp hca.ting fo r  iron ore llotathm 
has been adopted, and both eone.e, ntr~rte grade and rot'avery 
have been improved. .In lnos~ eases the ma.j , r i ty  of the 
benefits can be achieved by heat ing during only tile, re- 
agentizh~g step. Since nmst flotation conditioning, espe- 
cially that  for  f a t t y  aeids~ s done at  a higtt pulp density, 
the advantages of  hea~ing can be had fur  the minimum cost. 

Ph~ical Adsorpt ion  

The second kind of adsorption of importance iz~ flota- 
tion is called physical adsorptinn because it depends on 
weaker bonds, is less tena[!ious, and shows little dependence 
on the sr composition. The fa t ty  amines~ alkyl sul- 
fonates (short  chain),  aad  alkyl sulfates are usually" mn  
sidered to be physically adsorbed. The energy of adsorp- 
tion is derived from a combination of  electrostatic and van 
der Waals  bonds. 

Before considering" the adsorption,  it  is necessary to ex- 
amine the characteristics of solid sm'faees in eonta.e,t with 
an aqueous solution. I t  has been rec%n~izeil for a hmg 
time (41.) that. an eleetrieaI charge exists at the solhl- 
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liquid interface and that this charge can be varied in both 
sign aud magnitude hy addhlg eer:ain ehemieals to the 
system. A schematic representat ion of  ~he interface is 
shown in Figure 4. The solid is visnMized as ha.ring, a 
fixed, uniformly distrihl~ted charge. To maintain e]ectrc- 
neuh'Mity an opposite charge o.C the same magnitude exists 
in t.I~e solution phase J ey,.uediately adjacent  to the solid. 

This system is wImt is re fer red  tc as " the  double layer / '  
and it. ha~ been described theoretically (41) amt a t t emp~ 
have been made to use the theory . f  ;~he diff .se double 
l~yer to explain the aet, i~n ~? various chemicals in flo- 
tation (42-'45). 

The surfaeo potential  is governed by the eoneentration 
of potential-detex~nining ions and can be calculated from 
the Nerns t  equation. The adsorptiou of the eolleetor, 
which determines the flotation recovery, is described semi- 
quaatat ively by tl,e relationship 

F = 2 r ' n c x p (  -Ze~+'~)X.T 

where r is tlle radius of the adsorbed lop., n is ~he mlmber 
of ions per  em ~ kt bulk, and P is the adso133tion dm~s~ty 
within t h e  S~ern plane, ~ is the zs~a potent ia l  that  is con- 
sidered t.o be the same n.s ~%, r is a spe(!iflc adsorption 
potential  caused by van der Wuals bonding between ;he 
hydtoearhon port ion of the collect()), molecule, K is the 
Boltzman constant, and T is the abs(dute temperature.  

I t  has been demonstrated by a numt)er of  studies (25, 
46-51.) tha~ flotation zesponse is directly related to t h e  
surface potential.  An example of  the close correlation of  
the varitms measures of inter• l)hen~)menoa is shown 
in Figure  5 (46). I t  is clear that  as the ze ta  tmtent.ial~ 
which is a measure of the surface potential ,  il~ereases, the 
adsorption of  an uppimitcly charged collector increases. 
The da ta  are prcsenled as a funt!t~on of p i t  because H- 
and OIH- have bccn showa to be potential-determining for  
~his mineral (52). 

l u  fact~ t:aese studies all show that these ioDs are po- 
tential-deterufining for  all simple oxides and son3e ether 
minerals as well. The point  at  which the sm'face has zero 
charge (ZPC) is obviously an i~nt)ortant characteristic of 
the iiotation system. .Many determinat ions of the ZPC 
of  mhierals have been made, and they were recently cob 
looted in an excellent review (53). Tke concepts of 
potential  determinin~ ions and surface charge, are not 
limited to oxide systems; in fact, silver iodide was one of  
the Srs~ solids studied extensively (41) and, more reeently, 
a t tempts  have been made to study sulfide minerals by ad- 
sorpt ion techniques. Silver sulfide (54) is fl.e only row, 
suceessfu2]y examined and the same type  of behavior was 
f,n;md. 

( C o n t i n u e d  on 9age 458A) 



F.&tation 
(Contimlcd from page 4O0A) 

The parameter r was ie~rodueed as a apes.i fie adsorp 
tion potential to account for adsorption densities that are 
much greater than predicted hy the original equation (55). 
It has been evaluated for Ca ++ adsorption on quax~z (56) 
and dodecylamine on quartz (57)~ silver sulfide (58)~ and 
silver iodide (59). l:t is significant that the values deter- 
mined for dodec3.1amine appear to be independent of tare 
substrate and therefore [[rust be characteristic of the 
dodeeylamine. 

H emtmlcellos 

The observation that some peculiar association took 
plaec at a particular solution concentration led Fuerstenau 
(60) to postulate the existence of hemimicelles. ~rhese are 
regarded as two-dimensi:mal analogs of mieelles, and re- 
cently (61) it was shown that there is great similarity in 
the properties 02 raieeltes and henfimicclles. The measured 
value of the parameter ~ was 1 KT (0.6 Keal) per CH_~ 
group. 

The concept of hydrocarbon association at the solid- 
!iquid interface helps to explain many phenomena, inelud- 
mg the effect of pH on weakly acidic or weakly basic col  
lectors and the enhal, eed hydroplmbieity that can be 
achieved by using a nonpolar hydroearbott along" with a 
collector. }/cccnt studies (62~4) have shown that the ad- 
dition ()f neutral molecules to a flotation system produces 
contact angles greater than any that can be achieved by 
the collector alone and that this results in an enhanced 
fl0tabiLity (Figure 6). 

The model proimsed to explain theme observations en- 
visions a layer of adsorbed collector ions. Because of the. 
charge on the polar end of the adsorbed molecule, there 
is a limit to the u.mtmnt of adsorption of kale. species tha~ 
Call O(~,eUv. ~-~()weve] 1 nonpolar molecules can adsorb by 
van der "Waals bonding between the hydrocarbon portions 
of the molecules and therehy give rise to enhanced hydro- 
phobieity. Because a certMn collectar adsorption is re- 
quired he, fore the extender can be adsorbed iIl any ap 
preeiable amount, tim (!fleet is selcetiw~ and (rely those 
minerals with whic.h a colleet~m interacts will bc ehanged. 

These experime~ts and this model help to explain the 
fact, obsem, ed in all phosphate and potash plants, that 
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the use of hydrocarbons (extenders) produces both higher 
grade aud higher recovery§ 

This discussion has been presented under the topic of 
physical adsorption, but it a ppeaa's that the same phe- 
nosrlenon applies to fatty acids (65) and certainly nmst 
apply to the interaction of fatty acids and hydrocarbons. 

* q l i m e s  

Assotda~ed wi~h almost all nfineral deposits is a certain 
amount nf clay that results from the weathering of *ilicate 
minerals. Because of the clay some vet\y fine particles arc 
geuerated during liberation and by handling during pro- 
eessing. These fine partieles arc referred to as slimes and, 
even though they may be composed of widely different 
udnerals~ they arc always Lroublesome in flotation. Sex'era] 
studies have been made to deter~ninc bow slimes influvuee 
flotation (66--69), and it is now eh!ar that these fine par- 
ticles adsorb on the surface os large particles and hinder 
the attachment of bubbles. There are two remedies cmu- 
monly applied. One i s  to eliminate the slime fraction, as 
is done in phosphate, pntash, and. iron ore treatment; the 
t~thcr is t. add a reagent such as starch to make the slime 
size particles bydrophilic and unreactive toward the de- 
sired solid. The existence 02 Mimes is important in the 
utilization of fatty che,nicals because those collectors 
which are phyMea[ly adsorbed, e.g., amines, suIfo~ates, 
and suli'ates, are m~re sonsitlve to the noxious effects of 
slhne than are the collectors whieJn are chemisorbed, e.g., 
fatty acids. This is one of the reasons that a straight amine 
fit)at of quartz is net used i?l phosphate rock processing. 
The fatty acid rougher flotation is not as adversely affected 
as an amine would be by the slime that slips into the Oeed 
stream§ After rougher flotation and acid scrubbing the 
slhne content is greatly reduced~ and amines can be used 
for the second float. 

I n d u s t r i a l  F l o t a t i o n  

The flotation processing of phosphate and potash wi2l 
scrvc to illustrate the application of the prin(dplcs which 
have been discussed. A description of 0aese and othtw in- 
dustrial separation processes can be found in the litera- 
tm'e (70). 

Phosphate 

The Florida phosphate (71) deposits consist essentially 
of three minerals, qua rtz~ apatite (the phosphate mineral), 
and clay. The ore is mined by dragline, slurricd with hy- 
draulic giants, and pmuped to the processing plant. A 
separation of the clay iv made by desliming the feed 
slurry in eifller cyclones or hydroseparators. The lower- 
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size limit i~ usually a/bou~ 0.1. ram, and the 'cop size is lim- 
ited to 1 ram. The feed is split into two-size fraetloas~ a 
tmarse feed 1 ram/0.6 mm and 0.6/'0.1 ram. These two 
fractions are both ~reat.ed with reagents in a similar fash- 
ion, DuC the coarse ore is treated on sneh decqecs as spixMs, 
tables~ belts~ or nndorwater screens whereas the, flue frac- 
tion is treated by froth flotation. The reagents adde.d arc 
sodJmn hydroxide to give a leE[ ot7 8.5~ ~a.t.ty add. a~xd an 
extender. The fatty acid is usuMly a t.a]l (ill fraction. I f  
it is soap skimmings., it is added as a 5% aqueous emul 
sion whereas crude ,e refined /.all ml would I,e added di- 
ree~,ly t.o the conditi,mer. [L is nmm]ly necessary t.o heat 
the fu.t.~y aside so that they can be pumped and metered 
readily. The extender in usually a heavy oil h'aetiea or a. 
mixture os Bunker (2 and kerosene. The mixture is ean- 
dithmed at about 70% solids ~or about. 8 minutes, /.hen 
is diluted and seJ.it, to the ffotatim~ coils. The conditioning 
stop is an imlnn'tant one because the c~dleetor reagent 
mnst now ]aecome athaehed to the ndneral. .[.t is apparent. 
that a high-energy intensity and short time ure desirable, 
the high energy to assure thorough dispm~km os the. eo2- 
IeoWr aud tim sbI~,rt time to minimize the generation of 
undesh'able ~lirne hv the friable phosphate. The feed ~<} 
the cells is about 395,b BPL, 70% insuluble; the eoneen- 
traZe is ab{m5 e5% BOL ~md 25% insolnbJe. (Figure 7). 

This em~eentrate is scr\tbbed with sulYm'~e acid to re- 
move the lnydr:}phobie coating from ai)atite ~ then washed 
b.T decantahon with cyclones. The washed product, which 
is now slime-s is diluted to about 25%. solids~ the pH 
is adjusted to abrupt C5, a~:d araine and kernsene are added 
to float o~ the quartz. (~igure 8). 

Primary amines h~,ve been dw principal cationic ee l  
le~der i'or many years, but recently at. h'ast two phosphate 
predators have been using amJ.doaminss, gineo the amides 
have received little a~tentiot~ from the research eonl_122nu- 
ity~ almost noshing is know].~ about ~heir functioning. Re- 
cently bets. l]rimary amines were introduced and art'. re 
ported t:~ after enlmnesd selectivity over normal primary 
~mincs in separaVing diica from ir{m oxide (72). The 
prel)n.:~*~iw] of the amine is (70) important hecaass it 
~sually is ~ive~ little eoaditionil~g time .so that it must be 
in a readily dist)ersihle form to be effeetive. The kerosene 
serves two s it. acts as tt~e extender as wee as a 

froth-eontrn] 8gent. The lena-chain fatty acids and a m J . l t e s  

act as J:rotl~ers, and on occasions the froth becomes too 
watery and voluminous, Kerosene addition to a p~lp with 
this kited of froth reduces the froth volume aud makes the 
s d*ier. 

~he Itludeiflow frolu the amine flotMion is the final prod- 
l~ct with assays of 2 3% insnluble and 75 7S% .BFL. The 
recovm'y in h . th  clreui~s is about 90%. 

rot, ash 

SyhdnKe, the pHneipa] ore of pntash, is ~ :r.aixtare os 
sylvite (KCt), halite (XaCI), aud clay. In some deposits, 
snell as in Carlsbad, some sulfate mineraT.s are present 
whereas in the Canadian potash nTines there is no s~dfate 
but there is some earuaEKe (XgCI: '  X C I ' f i t G O )  (73t. 
Flot~ticm separation of sylviaite ores constitui.ed a, maj~ir 
advance in flotation technology because it is carried out in 
a s a t u r a t B d  b r i n e .  

The mined ore is eomminuted to liberation size by u 
eornbhaati.on os ernshing hi impact ,rills in dosed cireui~ 
with screens and cs g• ~qth rod milIs i]~ closed cir- 
cuit with classifiers. Riddb~g the ore os elay~ a step {!ailed 
deslinfing, fallows and is one of the most important steps 
iu the processing" and one of the most troublesome. The 
dcsliming must be done in saturated brine whY_dr contains 
approximately I tb of' KCI per gMl(m. The recovery of 
brine from the slime is economically necx,ssary but phys 
iealay di~euit.. There alwahs seems to he some swelli.g 
clay (montmorillonite group) which will not compact to 
tdgh pulp densities in thiekeners~ a circumstance that�9 h~(ts 
to brim,, loss. (Figure 9) 

After desliming, the ore is split i~to two-size fractions: 
coarse, which is approxitnateIy 2.4/0.6 ram, and tlne, whiein 
is 0.6/0.06 ram. These s are treated separately 
through tt~e reagentizing secti(m. 

The coarse is thickened h} 60% solids by weigh;, condi- 
tioned with starch to overemue the. adve• influence o12 
residual slims, e{mditloned wivb amine and extruder to 
render the sylvile hydrophobic.~ dilated to 25% solids and 
feet.her added, then sen'~ ta the ~irsV stage os flotation. 

The fine frae, tiou is thiekeued to ab{}ut 50% solids by 
weight, conditioned wi~h sta~cb, tbea amine (extender is 
omitted} diluted, and sent to thc first stage o~ llotation. 
.For simplicity in the el)oration and for minimizing con- 
trol problems the coarse and flue s may be com- 
bhmd before they are sent to the first, stage of tlotat%n. 
The s product :fr(m~ the first or rougher st.a.gc oi~ fioo 
tatioa contains an appreciahlc amount u; line halite, which 
is ;ra.pped in the froth. 

The. selectivity of ambles s sylvit.e over halite is vir- 
tually pers and is the subject of several .theories (74- 
77). The amines used are d.istilled high-pm'ity, prod'need 
from tall {)it {~r uniroyal fats with some degree o{ hydrogena- 
tion. The required degree of unsatura~5on (iodine value) 
depends on the temperature nf the briue. Higher tempera- 
Lures require a greater degree os saturation to maintain 
recovery at the same reagent addition. Amidom,ines do 
not float sy]vite. The smother eonem~trate is treated in a 
second stage of llotation~ called a e]eauer~ in order tn d*'~p 
out the occluded halite and to produce salable-grade 
concentrate. 

There is a marked  dil%renee bet.wcet~ phosphate and 
potash with respect ~o final product speeidcations hec.ause 
sylvite is a chemical con~pot/nd with a unique eompasilion 
whereas apatite is subject to a great deal O' soqid subst.i- 
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i[i the  crys t a l  LatLiee a~qd eor i s equeut ly  has a v a r i e t y  
~xiea.l f o r m u l a e .  

at . + ~ . _ i l l +  

T h e r e  are  sevcra] prolllem~ (~02UlIIOZI ~O pt'.osplta:v and  
potash flotati<m, one, ttf ",x'h~c*h ~s the  flo~aZion ot: coarse 
parf, h;les. There musL be ~tnt, ic equili]n'ium anlol]g tht! 
for<ms which hold a bubble, and a paz'tiele together a:~<l~ 
because the disrul)tive f'm'ees is~erease rapidly with size, 
Lhere is a maximmn size which (',an he floated. T}~cse dia- 
I'!lp~iTn f(>rr increase a.s J'ie dvxmi~y diffea'enee between 
the, s . lh]  and the suspeuding liqtdd hiereases. The • 
Of ad]lesion jnel'ease a~ t,be eontaet angle inm'eam~s, a,ud 
dmt  is why it. is neees,~arv t .  know sometSing ~.beut wett.hig' 

Another e.oumiol~ probleln is tke idei~fifieat%n of the 
prc~peI' exLeEdex eharaetori~bic.s. The advanLage~ nf u~iug' 
an extender are cb.ar, l int how t+~ identify the best extender 
iS llO{ knowl"l .  

The slime pr~)hlem i~, of course~ vexing in hot.h treat- 
merit schemes. At  the pres~!ut tbae the b(,s[, treaLlttetit ]~ 
Lo olimhmte the, line m~teria] as thoroughly as poss i l i le .  
Starches and similar {mmpound~ calhed "bUnders" are help- 
ful, but  their hmet ion ing  is not  thoroughly understood. 

M a g n i t u d e  o f  t h e  I n d u s t r y  

'l!h~ e.{msumption stati~tic~ oi: [at ty a<6.ds, amines, and 
oil ~hwc are. used as eolleC|ors in the flotation <d phosphate,  
potash, aud iron ewe are ~ v e n  in TaMe I.  I f  the~e i 'lgltfes 
a v e  a l l . y w h e r e  l m a r  eor~'eet, lhlm phosphate pr(>eessi~g el>n 
sut t . les  m o s ~  of t h e  s a c i d s  u s e d  #oP l h > t a l i o i L  A b o u t  

4 5 % ,  o f  t;]m a m b l e s  u s e d  i a  f l o t a t i e n  a,re  u s e d  h i  1 ) } t o s p h a t e  
p r o d u c t i o n  a l s o .  T h e  o n l y  o t h e r  l a r g e  e o t i s l l n l e l  ~ of' f]( l ta-  

thin reagents is the ]potash mdust ,T,  whieh eurrent{y con 
sumes about 2.7% of ~tll Rotation at, ines. :Despite the siz 
of tho irou iudustry ouly a sm~ll portion of the "]r(m pxo- 
duc(,s is treated by flot.a.ti+m and a eorresptmdingly ,~+etall 
porLiot~ ef the iotal collectors 5s l lsed, 

The gq'eatest ine.rease in the e, onsmnpt ion of  thJt~tion 
collcetors of  tile fa t ty  ehemieal g'roup is likely to come 
f rom the expanding po~.ash indust ry  in Canadm A lre- 
nieadou_s increase ]a eal,aeity iwis })ee, n annoutn(;ed 1'Ol the 
next five years, and it' it ~s all brought. <.~t~ stream, 5t will 
nearly., double the present capacity. The ir<m hidnstry ap-  
p~,oximates a sbeui,~g gfazd, with r<!spees to 11otaficm, bur: 
it is uulikely that siKniliea[l~ly large s ill i~ilt~l, t l ( l l l  

wi]l ooettY wi t l ih i  tim n,'xt five years. 
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�9 Obituaries 
L. ,J, LI~(JNAI(IJ (1956); ])urkce Famous ]foods, died Au- 

guM. 8, 1987, He had been ol~/pl(Lvefl by Durkee Falnou8 
]?ood s, Ch%ago. 
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