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ABSTRACTd- The -4&+65 mesh fraction ~as used for flotation
and -100+250 mesh for adsorption and electrokine-
tic studies. The surface area of the -100+150
mesh was found to be 0.5 m2/~. Dolomite sample.
unlike francolite. is non-porous (Figure lb).

Oleic Acid: Oleic acid (>99.0% pure} -:as pur-
chased from Alfa Chemical Co.. Oleate snlution
was prepared in KOH solution (pH-ll). 14C label
led oleic acid (>99.0% pure) ~as purchased from
ICN Chemicals.

Alizarin red S: "

Using K-oleate as a collector and alizarin red
S (ARS) as a modifying agent. selective depress-
ion of dolomite from francolite vas achieved in
alkaline medium (pH> 9.0). Interestingly. ARS
vas also found to depress igneous apatite in al-
kaline medium in oleat~ flotation of apatite and
calcite.

Adsorption of ARS alone on dolomite vas found
to De higheT than that on francolite. Complimen-
tary adsorption experiments of ARS and (-oleate
showed that oleate adsorption vas increased in
the presence of ARS on francolite but not on do-
lomite. K-oleate adsorbs on both francolite and
dolomite and causes precipitation of calcium and
magnesium oleate. Such pTecipitates can be pre-
vented when ARS is present. The results are ex-
plained in terms of compe~itive adsorption for
the active sites on f~ancolite and dolomite by
oleate and ARS. and their interactions with dis-
solved mineral species in solution.

Cer~ified grade of a~izar1n
red S-~ARS) vas purchased from Fisher Scien~ific
Co. . The molecular structure of ARS is shown in
Figure 2.

Inor~anic chemcials: ((NO:,. KOH and DO3
vere purchased from Fisher Sc~en~ific Co.. .

Methods

INTRODUCTION

Beneficiation of phosphate rock Containing car-
bonaceous gangues such as calcite, magnesite and
dolomite 15 complicated due to the similarities
in the chemical composition and the semi-soluble
nacure of the conscituenc minerals (Hanna and
Somasundaran, 1976). Poor selectivity is ofcen
obtained in many flocation sch-s (Lawver et al. .
1982; Moudgil and Somasundaran. 1986). Our pre-
vious work has shown that surface conversion and
dissolved mineral species-suriactant interactions
are major reasons for the poor selectivity in
flotacion separation of various salt-c}-pe min-
eral systems (Amankonah and Somasundaran. 1985;
Somasundaran and Ananthapadmanabhan. 1986;
Somasundarau. 1987; Xiao et al., 1987). It is,
therefore, essential to understand tbe interact-
ions betWeen dissolved mineral species and struc-
tually modified surfactants (collectors and 8Odi-
fiers) in salt-type mineral syscem$. Towards
chis objective. simulcaneous adsorption. dissolu-
tion and ilotaCion experiments using pocassiwa
oleate and alizarin red S were conducced to moni-
tor the interactions berween dissolved aifteral

specLes and anionic $urfactancs in francolite!
dolomice flotation syste~.

MATERIALS ~ $:rHODS .

14
~ntative analysis of C labelled oleic acid:

The concencracion oi 1.;.c lab~lled oleic acid vas
d~termined using beta-scintillation counting tech-
nique (Beckman LS-I00c liquid scintillation
syscem) .

Determination of alizarin red S concentration:
The residual concencration oi AB.5 was de~e~~
by UV spectroscopy (Beckman DU-8 spectrophoto-
_ter).

Di~olved mineral soecies a_n_a~v~is: The concen-
tration of disSOlVed calcium and magnesium species
in the supernatants of francolite and dolomite
was analy zed using inductively-coupled plasma
(ICP) sJl-.ctroscopy (Perkin-ElDer Model ICP 6500):
Ca and Kg standards were supplied by Environmen-
tal Resources Associates.

Adscrption: The mineral sample (3.0 g) was
first condiiioned in KNO3 solution at the requir-
ed pH for three hours on a wrist action shaker.
The required amount of surfactant solution was
then added and the suspension (10 c1 of ~otal
volume) was snaken for 24 hours, which was found
to be sufficient for AR5 and olea~e adsorption
on each mineral. The superna~an~ of each sample
was pipe~ted out for the analyses of residual
surfactants and dissolved species after centriiu-
ga~ion.

Flotation: Tne mineral sample (1.0 g) was add-
ed to a cyiinder (100 ml) containing KNO) solut-
ion, pH modifiers (acid/alkalVand surfactant
solution. AR5 was added one minute before K-ole-
ate. The suspension was conditioned using a
magnetic s~irrer for 10 minutes. Flotation was
carried out in a mod~fied Rallimond tube for 15
seconds With purified N2' In the case of binary
~ture of dolomi~e and francolite (1:1), the
individual minerals were separated after flo~at- .

ion by gravity in bromoform. In all the cases
an aliquot was taken just prior to flotation for
pH ~easurements.

!-'.aterials

Francolite

RESL"LTS ~ISCUSSION

Adso~tion and dissolved mineral snecies in
~.. .. -::

f!ancolite/dolomite/K-oleate svstem

Adsorption isotherzs of 14C labelled K-oleate
on francolite and dolomite are shown in Figure 3
Both francolite and dclomite gave linear isoch-
erms With a slope of abouc 1.0. This ~hows that
oleate adsorption on both minerals could be pre-
dominantly due co eleccrostatic forces. The ad-
sorption behavior of oleate on francolite and

: High purity phosphace [(Ca,X)10(P,
C)6(O.F)26J concentrate of sedimencary origiU
(P205>36.1%) was sup?l1ed by Florida Institute
of Phosphate Research. the -~8+65 mesh fraction
was used for flocation and -100+150 mesh fraction
was used for adsorption experiments. the surf-
ace area of both fractions were determined using
Quantasorb (BE! method) and found to be 8.3 and
18.3 m2fs, respectively, indicacing that the
sample is possibly porous. Scanning eleccron
micrograph (Figure 1a) showed that this is in-
deed che case.

Qo1omite: Sedimentcy dolomite sample was re-
ceived from International Mineral and Chemical

Corporation (IHC). the as-received mineral was
jaw-crushed and roll-crushed. the roll-crushed
material was dry-ground in ball mill and sieved.



dolomi~e is ~ifferan: frOE ~ha~ ob~aineQ by
SO8as~daran (1969) vbo founc a sudaen increase
in aasorp~ion beyond 3.Ox10-5 K of olea~e con can-
tr.~ion fo~ calci~e / ~-olea~e sys~em.

The onsets of the precipitation of CaO12

and MgO12 are calcul.~ed from the .olubili~r
produ~t of CaO12 and MgOl2 [Kc.o1~ . 3.81xlo-13;
~gOl2 . 1.56x1o-11. Du Rei~%. 19'5] for dolom1~e

/ol&a~e an~ francolite/oleate sys~... (Filure 4).
The adsorption iso~herm8 did not sbow any change
Dear ~he range of precipi~a~ioD of '!Ol2 (around
1.5x1o-5M for :r&ncoli~e aDd 3.5xlO->M for dolo-
mite) and MgOl2 (around 2.5xlO~ for francoli~e
and 1.OxlO-~~ fo~ aolomi~e). The analyses of
dissolved Ca and Kg species present in ~he 8uper-
na~an~s. however. showed ~hat bulk precipi~at-
io~ of calcium and magnesium ol..~es occured
vban K-oleate concen~ra~ion exceeded 1.Oxlo-~
for francoli~e (Fiiure 4a) and 3.0xlo-~ for
dolomi~e (Figure 4b). The ons.~ ot precip1~a~ion
calcula~.d from the 8o1ubility da~a of CaO12
and Mgij12 and that obtained ~rom~isaolved species
analyses ar~ in gooo agreement with e&Cb otber.

for the decreased oleate adsorption on dolomite
coulc b~ due to increaaed adsorption of ARS on
dolomite and, thus, a reduced number of active
sites for oleate by CO8peci~iv. adsorpcion. C~
pli8encary analyses of dissolved mineral species
(Figure 8) showed that there is no precipitation
of calcium and magnesium in dolo.ice I francolite
I ~-oleace system in cne presence of ARS. Thi.
"Y De attribuced to che inceraccon. becveen dis-
solved Ca and Kg species and ARS to form 8Ore
stable Ca and Kg complexes with ARS in solution
than Ca and Hg oleate.. The complexation react-
ions of AIS with C&2+ and Kg2+ ions are shown as
follows:

B00.4 00.., +o:;:a::~H '1+ I<"'" -Ca
f' .. C.- ._, i : 10. J'

Sr.s* ~. ~-O

" 0

0 OM B
, I '

[~)~(~( - K g- r . I Q /
~ --0

0 J

~ft H 2 +
+ ~I.

. So,'.av
)A4soro:1on and ~issolv.d sDec1es 1n francolite I

dolomite laiuarin rea S svs~= ~ ~

0 ~O~: 2+ 2 + Ca - .
. S~Nc

0 H H OR 0
0 ~ I I ) ~:X~J)0:;:6-1 _O I

0 Ca Q .
t " -, ~

.' 5-0 O-~ Ii
0 0 ~ 0

Such complexation reactions can affect the
kinetics of dissolution of Ca and Kg species from
dolasice .urface. l~ike doloaice I francolite I
K-oleate svscem. vhere we found significant pre-
cipitates of Ca and Mg oleaces. precipitation of
Ca and Mg oleates are not observed in aoloaite I
francolite I K-oleate I AIS system. this i. very
iDcerest1ng because the loss of selecrivity in
oleace flotation ~~chout ARS is mainly due to tbe
precipitation of Ca and Hg oleates in bulk as
well as on mineral surfaces. In the presence of
AIS. such precipicacion of Ca and Ms oleate.
could be elimiDaced.

'\

Flo~a~1ol1 ofdolomi~e and franco11~e using K-
olaa~e and alizarin red S

Alizarin red S vas reporced to be a specific
.taining a,ent for c&l~ice (Friedaan. 1959) and
. depre..ant for igneous apatite (Fu and Somaaun-
daran. 1926). Adsorption of ARS on igneous apa-
tite. dolomite and francolice vas deteraiDed as
a function of ARS coacentration, and the re.ults
obtained are given in Figure 5. All the three
miaerala gave linear ad.orption isotherms. AQ-
sorptioa of ARS on francoli~e vas found to be
one order of magnitude lower than that oa dolo-
mite (Which has alternate sheet. of Caco3 and

MgCO3 layer. (Lippaan, 1973»). lnterestingly,
adsC'rption of ARS on igneous apatite (Fu.6 Soma-
.undaran. 1986) vas found to be much higher than
that on francolite (close to that on dolomite.

Figure 5). Such differences in adaorptioa could
alter the f1ota~1on behavior of apatite 8inera1s
signi!icantly. Selective depre..ion of ilneous
apa:i~e in apati~e Icalcice syscem could be due
to such preferential ad.orption of ARS on i&n-
eous apati~e over calcite. Similarly. in dolo-
mite I fraocolite/ARS ~.t... dolomite i. expect-
ed to be depressed by ARS preferentially ovec
f~ancolite. This trend is quite opposite to
vba~ has been found by Fu and Somasundaran. It
can be also .een that. vhen compared dissolved
mineral species 'in the absence (Figure 4) and
presence of ARS in dolomite I francolice system
(Figure 6). the level of dissolved calcium aftd
aagnesium .pecies in dolomice IARS system has
increased .ignificantly whereas thac in franco-
lite I ARS system has remained cons~ant. No
precipica~ion of £a and Hg species was found in
Dotb dolomite IARS and francolite' ARS systems.

The floc.t1on behavior of francolite and dol08-
1te vas studied as a function of oleate concen-
trations (Figure 9) and pH (Figure 10). It appears
froa Figure 9 that the flotabil1ty of both aolom-
1te and francolite 11 quite similar and very sen-
sitive to oleate concentration. It can be
also observed from Figure 10 that selective flot~
t1on of francolite might be possible above pH 9.0
or dolomite below pH 5.0. ~~en ARS was used al
a modifying agent. it is found from Figure 11 that
ARS can deprel. the flotation of dolomite (b~yond
pH 8 in Figure II) but not tha: of francolite.
Selective flotation of francolite from dolomite
is possible at about 1.0 x 10-5 ~ of ARS (Figure
12). This oblervation is in agreement with our
adsorption results (Figure 4). where we found ~t
ARS adlorbl 8Uch more on dolomite than francolite
and also enhances the adsorption of K-oleate on

Adsorption and dissolved mineral a~ecies in the
~resence of alizarin red S (US) and K-oleate

AdsorptiOD behavior of ~ -oleate on doloaite
aad francolite vas alag studied in the pre.ence
of ARS an~ the results obtained are given in
Figure 7. It can be .een that oleate adsorption
is increa.ed 1n the presence of A1S on francolite
but decrea.ed OD dolomite. One po.sible reason
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francolite but not on dolomite

rlo~a:ion of binarY .ix~ur. of dolo.i~. andfrancolite -

Flocacion of binary mixcue of doloa1ce and fraa-
colice (1:1) using K-oleate aad ARS is shown in
Table 1. Flotacion or binary mixcure- usi~
1. 7x10-4 ~-oleace alone showed chac fraaool1ce
could DOC be seleccively floated fr08 doloaice
ac these pH condicions. The loss of che select-
1vity of francolite flocation can be atcributed
to che alceracion of che surface ~rop8rc~es of
boch aiDerals by che dissolved mineral species.
suggestin& the need to use scruccurally 8Od1fied
colleccors or 8Odifiers to minimize or even pre-
vent such surface alterations. By using ARS as
a modif1er. we are able co selectively.depres.
doloalce in cbe biaary a1xture flotation v1th
~-oleate (70.8% grade aod 90.5% recovery of fran-
colite). The grade can be further t8proved upon
by mild acid ~~shing and cleaning.

CONCLUSIONS
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(P. Soaasundaran e4.). ~~I AIME. Colora40.
137-53.

So8asun4aran. P.. 1987. Benef1ciat1on of Dolo~t.
Phosphate. Annual Re~ort Submitted to FIP!(
Colu8bia Un1vers1ty. New York

Xiao. ~.. V1swanathan. ~.V. aDd Somasuodaran. P..
1987. Extractive Hetallur~ and Katerial
Science. P~o~::4ing of Int;rnat1onal Sympo-
sium organized by Central-South Univers1ty
of Technology and Techn1cal Un1versiry of
Claustbal. Chang.b.. Cb1na. 110-120.

t. Poc.ssiua oleate adsorb. GO both franco11~e
and dolomite and causes bulk precipi'a~ion of
calcium and ~gnesium olea~es.
2. Adsorp~ion of alizar1n red S alone on dol~
1~e 1s h1iDcer chaD chac on francol1ce. In do-
lOQi~e I franco11~e I K-oleace I A&S sy.cea. AIS
was round ~o increase oleate adsorption on :ran-
coli~e bu~ QO~ on dolomi~e. Precip1~ac1on of Ca
and Mg ol.aces.Are prevenced in the preaence of
AiS due ~o compe~ing co8piexa~iGO reacc1ons of
AJ.S vicb C& ~d MI species.
3. Alizarin red 5 vas found co be a promising
depressan~ for dolomi~e in the selective floca-
~ion of dolomi~e and franco11ce usin& K-oleace.
The loss or selec~1vity in oleace flo~acioQ of
!rancoli~e and dolomi:e in absence of ARS is due
to inceraccions betveen dissolved minerAl spec1es
And sur:AccAnCS leAd1ng to che foraac1on of sur-
face and bulk prec1pitaces.
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The molecular structure of ~i:arin red S (ARS)Figure 2.
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TABLE 1. SEPARATION OF BINARY MIXTURE OF FRANCOLITE

AND DOLOMITE

CONDITIONS GRADEZ RECOVERY Z .( f rCl., )

1.7X10-4 M
pH - 5.2-

pH - 9.0

K -OLE:1TE

56.0 85.0 Cdol)

56.7 86.1

1.7X10-4 M
I.OX10-6 M
pH - g.O

K - CLEATE

A R 5
70.8 00.5

K-CLEATE 1.7X 10 -4 M

ARS 1.OXIO-5M
P-I - 9.0

ACIO WASHING ~ MIN.
88.7 61.

~




