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ABSTRACT

An anslytical prooedure was developed for the determination
of the concentration of fatty acid and fuel oil adsorbed on
iron-titanium mineral. The oils were desorbed by means of a
5N sulphuric acid solution in 40% ethanol and extracted into
pure iso-octane. The fatty acid was saponified by N/50 NaOH
in 40% ethanol and determined in 60% ethanol by potentiometric
titration with aqueoud HCl. The fuel oil was determined by
optiocal density measurements at 224 mu.

An electrical test assembly, based on the d.e¢. shunt wound
motoz; with separate excitation, was developed for control of
the conditioning process at high pulp density and for
measurement of the nett power consumption in the conditioning
tank.

The flotation results were found to bs correlated to the
pattern of the powor consumption veriation during conditioning
and to the consoentrations of the fatty acid and the fuel oil.
in the flotation products. These correlations have disclosed
the sorption processes taking place during conditioning.

The resgents were gradually asdsorbed and then randomly
distributed on the ore particles during a brief period of bulk
flocoulation. At the flocoulation peak, the power consumption
was at & maximum, and maximum per cent weight rougher



ooncentrate was obtained at practically no flotation selectivity.
A "quasi-continuous” oll film on the surface of the pértiolesg
analogous to the oil film in "water-in-oil" emulsions? pernitted
rapid re-distribution of the reagents frﬁg gangue to §alueSo The
reagents were then deuo;bed from the gangue particles during a
period of bulk deflooculation, at the end of which initial power
consumption levels were regained, and maximun ilmenite racerry
wes obtained at maximum flotation selectivity. Further
oondiﬁioning resulted in dgaorption of the resgents from the
ilmenite partisles as well. The initial fatty acid/fuel oil
ratio was alweys maintained in the rougher concentrate.

These flotation results were determined by the pattern of
the power oonaumption variation and not by the energy
consumption during conditioning, by the impeller speed used, or
by the conditioning time; the lsgtter three factors were, however,
interdependent in the sheping of the pattern mentioned.

The influence of different additional faétorston the reagent
sorption processes, in relation to the power consumption pattern,
was also ntud;edo These factors were: the fatty acid/fuel oil
ratio, other neutral hydrocarbons, the additiog of sn1phuric
acid, the addition of ferrio chloride, and the addition of the

initially removed slimes.
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-~ 98 =
INTR0DUCTION

Two papers on industrial flotation of ilmenite were presented
at the International Mineral Proocessing Congress in London { April,
1960 }. Runolisina (1) de#ori‘bed a technique applied to this process,
which involved long conditioning time at high pulp density without
desliming. The oconditioning oaused a flocoulation of the mineral
and a dispersion of the gangus;, resulting in selective flotation.

It wes oonsldered that fuel oil playsd an essential part, both in
floooulating ilmenite on the oil droplets and in removing the soap
f1lm formed on the gangus in the initial stages.

Eddsmo (3) desoribed the technique used for flotation of
the Tellnes ilmenite, which also involved oonditioning et high pulp
density with desliming. In this proosss however the fuel oil wase
claimed to be a froth modifier only. In addition it was found
necessary to racondition the pulp at 70% solide between each cleaning
pteps

Many intoresting points wore raised in the disocussion
following these papers, referring espeolally to the phenomenon of
the solective floooulation of ilmenite grain and to the rather doubt-
ful analytical rasults of the reaient contents in the rougher
concentrates and tailings. The relative impurtance of tall oil and
fuel oil in the ilmenits flotation was still open to question.

Additionel data was presented in the above mentioned



discussion to illustraie the differant ph@n@mgna-observed in the
Plotetion conditioning of metol oxides with fatty acids and other
orgenis acids combined with hydrocarbon? such as fuel oil and
ker@seneo , |

¥n o paper by Kun Li { ) on leborabtory flotation of iron ore
simil#r guestion vere raised in ccnnection with the phencmena ooour-
ing during conditioning end flotation of such oréso An overall
meshonisn of reversible reagent tronsfer between ore and silica
particles was postulated. It was suggested thal the process involved
in the c@n&iticniﬁg of iron ore b@gan‘with ell aplids @@mplétely
Ylogtable, and ended up with only ore particles flcatable end silice
partieles nonmflo&tablen It was cleimed thet +this was contrary %o
what was gcnerally nelieved te take plage. —

Mony quethgns were raised 1n the follovxng discussicn im
éonnecﬁion with the phenomsna oObserved and espeeially in connection
with the effects of siimes amd of aeid on thé flotation resulis and
the effects of energy snput during conditioning on thsse results.

The proeess of Teilﬁeﬂ ilmenite flobtebticon hed been modifled
4 1960. The new Fi-wsheet %) involved sonditioning of the crude
jimenite st 70% solids end eb pH 6.5 with e 3:2 %ell o0il/Fuel oil
mixture, followed by flotation at G.5. Th@ rougher eoneextrmte con=
teining all the ilwenilte and part cf the gangue was reconditioned
a%t vH 5.5 and rafloated at thﬂ seme pH; This rezeonditiening in the
sleaner flotation pw@cess a3 repeated tWﬂ@e more at the respective
pH valuw of 4.5 and 3.9, resulting in & finanl concentraie contai-

ning ilmenite end part of the pyrite. The letter was Floated ot pH 1



together with a major part of the adsorbed reagents, leaving a clean

ilnenite as talling.
~ The complexity of this prooess and the many questions raised

in the above mentioned disqusniona have suggested an investigation
of the phenomena sccuring during conditioning and flotation of
netal oxides with fatty acids and fuel oil. In this study it was
decided to estaﬁliah the correlation between the flotation results
and the sbrption of'the two reéggnta on tﬁe‘vaiues and gangue par%
ticles és well as with the power consumption during éonditioningo
‘High accuracy in the experimental appfoach was emphasi#edo

‘The system chosen consisted of an iron-titanium mineral -
- the Tellnes ilmenite - and as reagents - oleio acid or tall oil in
mixture with fuel oil. | |

. To makm possible the desired correlation it was necessary

to develop two exparimsntal tools :

.ao.an analytical m?thoa'pérmitting‘accurate assay cf the
geagénf contents of the flotation products, and

b. an electrical power assembly permitting sensitive and
acourate oontrol of the 1mpeller speedB accurate datermination of
the net power oonaumption in the conditioning tank, and highly
sensitive reaotion to small changes in the power consumption ﬂue
to reagent adaorption or desorption prooeaseso

The developnment of the annlytical methodéAfoliows in part 1.

The development of the slectrical powsr asaembly and the actual
conditioning and flotation tests are desoribed in part 2.



PART I

1o DEVELOPMENT OF ANALYIICAL M<THODS POR THE DETSRMINATION
OF PATTY ACIDS AND FUEL OIL ADSORBED ON ILMENITE
PLOTATION PRODUCTS



301, INTRODUCTION

Tall o4l and fuel oil ere the partioular rengents enploy=4
in thé flotation ot‘ ilmenite. These reagents are usually appli.ed in
quantities of 9005 tall oil and 6800g fuel oil per ton aolid feed (4) o
Assunming that 96% of the reagents ars adsorbed on tho valiues and 5%
¢n the gangue minsrals, and 'bhat_ the weight of the flotation soncen- -
trate and teilings are 85 and 65% respeotively of the initial feed,
the following reagent comcentrations eould be expseted:

2.6g tall oil and 1.8z fusl eil per kile flotation concentrate,
0.07g tall oil and 0.06g fuel oil per kilo flctation tailings.

The methods to be dsveloped for assay of these reagents
chould cover these expectsd ranges of concentretions. Concentrations
of this order of magnitude require sensitive assaying msthods of

semi-mlore or siéro typeo

An aualybical moethod for the determination of tall oil and
fuel oil scontents of ilmenite flotation products was ‘applied by
Runolimna ot a1 (), It consisted essentislly in extracting the
crganic matter with ether from samples dried at 50°C, followed by
potentiomdtrio determination of the fatty acids and gravimetric
deternination of the fuel oil.



Exeamination of the results obtained (1) raised many doubbs
in comnoction with the applied procedurs, since lessvthan 60% of the
reagents wore aeoouﬁted for. It was corocluded on the basis of these
assays that the adsorption of tall oil on the mineral surfoce was
unéffeoted by the coniitioning time, while the edsorption of fuel ¢il
inoreased with conditioning time. It was showm in other experiments (1)
that the adsorption of tall oil required long conditioning time while
the adsorption of fuel oil took place rapidly. These findings appesred
to contradiot those revealed by the anslytiocsl precedure. No evidence
was presonted to tho effect that the strongly adsorbed reegents were
oompletely extracted by the ether. Conssquently the method was considered
unsatisfactory.

A litersture survey-was therefore carried out in oraér to
fird an appropriste method for deporption of the re&gegtm a8 woll as
analytiocal methods for determination of the two reagents, tell oil
ropresonting fatty acids and fuel oilo

8 @ o

Des@rpﬁion of organio matﬁ?r.f?c? mi?e?a§ §u§f§o?s°15
bachievad by several methods. Omo of the standard methods is combustion
of the orgauic matier. This wes epplied by Baliunt (8) to the case of
oloic acid adsorbed en pure quarts ewd hematite. The €0, produced was
adsorbed in an Orsat typs unit allowing determination of the oarbon
conbent of the initisl mineral pemple. This method was not suitable
for & mixture of two crgamic reagenbs as it was desirable to differen-

. tiate between the ¢all oil end the fuel o0il. In addition, the
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industrially prooeasod m!.nerala m.’v.sht oonta.:l.n verying ammmta of
4organio mattero _ o

Stem diutﬂ.llat:l.on haa beon used for remova.l of organio
matter from aolida or from aquaoua pulpeo The ponsibility of adapting
th:ls method to the rlesorption of tall oil aua. fuel o:ll fron ilmenito
. 'ﬂotat:l.on proauots was not :i.nvastigatedo

A ooneidemble pert of the reneenta adwrbed. on the aurfaoe
of the Tellnes ilmn'lto flotation concentrate is removed by a flotation
procass at a pH value of 1 “) It nhould therefore ‘be possible te
strip the organio reagents adaorbed on the flotation produeta by
using a. atrougly aoidie nedinme The desorbed raagents could then be
extra.oted :l.nto an orga,nio aolvent whioh ahould ba :lmuﬂ.aotbla with the
agueous pulpa

Ac.tdiﬁ.oati.on of Krm 'blaek li.quore m tree.tment w:lth
petroleum ether have enabled the denorpt:l.on of ths '&all oil (8)
Oleic a.c.id was deaorbed from magnetite by extrao'bing wﬂ.th ethyl
ether .tn the preaonce of' 2N sulphuric aoid (?) |

99§efm§mti;o§ ?f'fgtgy.agi.v}a’ has baen aohieved. by ma.ny
methoda whioh 1nolud§ potentiométrio, oomplexometrioo and oonduotin
metrio titmtionag npectrophotomein‘io and colorimatr:lc memmrmnents9
e.nd paper uud gas ohromtographyo . |

A atandard nethod for detormination @f the aaponiﬁontion
| value of oils :luvolved hea.t:lng in e N/B aloohol:lc KOH aolution f01'=
lowed by titration w:lth N/2 HCl aoluts.cn,, ua!.ng phenolsphthalein as

' 1ndioator ( ) cou saponifioation @f' fa.tty aocids was alao possible:
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the solution of fatty mcide in petroleum ether was mixed with an equal.
volume of alocholic KOH solution and was left atanding for 12 hours at
room temperatupe, when the excess KOH was determined with HC1 solution(g) °
Both msthods were suitable for the determination of i-4 grams fatty acido
The Pirst method could be modified to permit dirsot titra-
tion with a N/2 aqueous NaOH Qolution by dissolving the fatty soids in
nsutral aloohol. This modified method was adapted to microdetermination
of fatty aecids by uging N/lOO aqueous NaOH solutions frees of GO2 (10) o
In addition to these aqueocus or semi-agueous media employed
for aoidimetrio titration of fatty aocids various organic media were
also shown to be appliocable. Fatty; aolds oontained in petroleum pro-
ducts were dissolved in 1:1 bonseneuisoxaropanol and wers titrated with
N/10 KOH in dry 1aopropanol, using a~-naphtholbensens as indicator (11)
Weak organic acids were determined in the above mentioned medium or
in 1:4 bensens-methanol, using alooholic KOH cr sodium methoxide
solutions as titrants, in the presence of thymol blue or bis(3,4-dinit-
rophenyl)-nethane respeotively (13) o A slightly modified procedure
was introduced by dissolving the weak organic acids in 1:5 methanol-
bensene and by tiﬁuting with N/i0 sodium methoxide in 1:5 methanol-
bensens, in the prosence of thymol blue 1‘.")9
In most cases the sams media ooculd he employed either for
direot determination of the fatty acids with NaOH or for indireot
determination of the alkali excess.
Oleio acid and sodium oleate solutions wers analysed by
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precipitating with etandard ca.cl solution followad by eomplexio-
metrio datermination of the ca01 excess with EDTA in the presence
of imtnoxide (14),
| Small amounta of monobasic fatty acids were determined by

converting them to their methyl esters in methanol solutions in the
prasence of sulphuric scld as eatalyst° the esters were then determimd
eolorinetrioally as the fen'io hya.rommtes (15)

Aquecus solutions of N/20 oarboxyno aoids were titrated
conauotometriaally with N/25 Fecla solutions (16)

Infrared speotroaoopy was used in order to deternine tho

(i%,18)

various fatty acida and. in order to 1nvest5.gate the changes

in the oleic acid oe.uaed by adscrytion on quarta,, hematiteg limonite
and magnstite (19, 7) | |
Papor a,nd gaa chromatography wers applied for the determi-
ne.tion of the various fatty aoids and rasin aoids in tall oll (20, 21)
‘ Determimtion of f'uel oil by spectrophotometric megsura-
nents was indleated by preliminary exper:lments( 22) o ueasurement of
the optioal density of t‘uel oi.l aolutions in iso-ootane in the
ultraviole'b range has nade posn_i‘ple the determingtion of small
conoentrations of the standard Nool tractor oil useds
cdeBo f’ronoaes see.%vgh..fér_éavelgpaeat_os the a@ﬁi@.@g@ao
The nbove nterature survey inciioatod that acid atrd.ppine
in the presenoe of an organ:l.o solvent would make possible the reoco-

very and the deaorptian of the reagenta from ilnenite flotation



products. This must be followed by determination of the two resgents
oontained in the organio aolva;a.to

Spsotrophotometric measurements might provide a solution
for the separate determination of the tall oll end the fuel oil. In
oass of mutual interfeorsnce the tall oil must de separated from the
fuel oil. A 1ikely method for this purpose involves saponification
with an aqueous alkaline solution into whioh the organic acid
content is -trmf‘erraﬁo The two reagonts ocould then be determined
in their ée’spect:l.ve hydrooarbon and aqueous media.

" As tall oil oconsists of a mixture of fatty mcids end resin
acids it wae necessary tq develop the analytical method for a pure
fatty aoid such as oleic mold. This might then be eoxtended to
determination of tsll oil.

The approach to the solution of the above mentioned prob-
lens involved the following steps:

e2. determination of fuel oll, oleio acid and tall oil; in
iso-ootane solutions, and posaiblo mutual interference of these
constitusnts; ' ,

bo determination of oleic acid by the potaﬁtiometrie
titration with allkald;

0o aaponiﬁoation of the oleio acid with aqueous NaOH
solution and determination of the NaOH excess by potentiometrio
titration with HC1;

do saponifioation of the olelsc acid while in iso-ootane

by means of an aqueous NaOH solution and its extraction into the
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latter; _
| g0 aoid stripping of oleid acid and fuel ;311 ‘from the
mineral surface and thelr extreotion into isowdfm;
o .a,pplioatﬂ..‘on. of tﬁe above sﬁepa to orﬂde tall oil end

fusl 0il mixtures.

o2, DETSRMINATION OF FUEL OIL.

The optical d@naﬂ.ty of fuel oil, oleio acid aml refined
tall oil in :lso-octme solutions ha.a bean memaured b@fom (23) in
the ultra-violet range. The absorp‘bion speotm of fuel oil, oleio
acid and refined tall oil nhowea o naximum at 285&;;9 A% this wave=
length the values of the Optioal &ensﬁ.ties of thene three substanses
at aqual concentration wre in the m‘bio of 50 1.100 regpeatively.

Fuel oi.l could theref’ore bo aetemined by this method in

the absenoo of' ’cm ono It should be pointed ocut that the op‘bica.l
density of orude tall oil night be even higher than that of the
rafined tall o11° 'L‘he possi.bility of” applying th:l.a nethod for the
determination of' the f‘uel oil wesn 1nvaatigated in d.etai.la

Speoi:roscopioauy pure iao«ootane waa prohibitively
expanaive for an mlytical procedura connum:lmg largs amounts of

solvent. For "khis reason the abnorption apeoem of ordimry
analytical grade iso-octane was first &etamined and presented in
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fige 1.1. The spesctrum obtained shows that the cptical density of
the analyticel grade iso-octene was negligible at 220my and it was
therefore suitable as solvent for the fusl oil déterminationa

Ail optical density measurements were carried out in &
Umdcar SP 800 spectrophotometer. Two milimster fused silica cells
were used and the optical density of iso-ootane was measured ageinst
air. In all other tests the optical donsity of iso-octane solutions
was measured against pure iso-octane.

Very slight conteminatione affected the optical density
neasurements. Svaporation of the highly volatile aolvent also caused
an increase in the optical density, rossibly because of an emrichment
4n the light absorbing contaminant present in the anaiytioal grade
iso-octane.

A high degrée of cleanlineszs of the apparatus employed
in the method was thersfore imperative. It was also found necessary
to use well stoppered 0ells and conteiners, to use in all tests only
glaso apparatus, and to calibrate frequently the absorption of the
reference solvent. The precautions taken in thig manner have ascer-
tained satisfaotory accuracy in the measurements of the optical

dengity in iso-octane solutions.

The optioal densities of fuel oil in 1s0-00tane solutions
were measured at different wavelengths. The absorption spectrum of

ons of these solutions is presented in fig. 1olo The speotrum in
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FIGURGZE 1.1

ABSORPPION SPECTRA OF PURE ISO-OCTANE ( AGAINST AIR ) AND OF FUKL
OIL SOLUTTONS ( AGAINST ISO-OGTANE ) IN THE ULTRA VIOLET RANGE.
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FIGURE 1.2 = 98 =«

OFTICAL DiNSITY OF FUBL OXL AT 224mu AS A FUNCTION
OF ITS CONCENTRATION IN ISO=0CTANE SOLUTIONS.
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fige 1610 indioatea tha# a conoentration of fuol 011 below 09353/1
-.-is reqpired for aoourate determinationo Thg mnximum optioal density
'was attained in the wavelensth range 3240325mpo

The range over whioh the Besr-Lambert law wae valid was
_deterninea by msasuring tho optical density of 1soeootane solutions
oontainins OaOSnO.Sg/i fuel oil at the wavalength aadmpo The. optionl
ﬂ,denaitiea were preaente& aa a funotion of the fuel oil oonoentration
1n fis..iaa. Figo 1.2. ahowa a linear relationahip botween the
‘ optioal donaity and the fuel oil ooncentration in the ranse belaw
005&/10 This relationship was expresaed by the Pornula;

optioal danuity =8 . connentration ( 4in a/i Jo

It wua neoassary to asseaa the possible interference of
oleio acid with the fuel oil aoterminationo The absorption speotrum
of oleio acid in iao—ootane solutions was determdned in the ultra-
violet range and is praaentsd 1n fise 1-50 The spectrum obtained
ahows that the optioal density of olaio noid was a maximum at the
-wave length 1ntervul 324~226mgo consequently oleio acid might
interf@re with the fuel oil determination.

svaluation of the validity of the Beerwhambert law at the
maximnl abaorption wavelensth eatablished the order of magnitude of
this interference. The optionl denaity of iso=ootane solutions |
containing 0.05-5. 03/1 oleic acid was meaaured at 324mp The optioal
densitiea of the oleic acid aolutione are preaented as a funotion

of the oconocentration in fige 1.4o



FIGURE 1.3

ABSORFTION SPiCTRUH OF OLEIC ACID IN ISO-0CTANSZ SOLUTIONS ( IN U.V. )

Optical
density ¥ T ! ¥

4

10-0 ™~

0.8 [

0.8 B

0.4 ™

0.2

Ol 1.38 g Oledoc acid in 1 1 iso-ootane

3 1 1 1

230 240 250 260

Wavelength, mu <



esé.ia

FIGURE 1.4

OPTICAL DENSITY OF OLZIC ACID AT 236my AS A FUNGTION
OF ITS CONCENTRATION IN ISO-OCTANE SOLUTIONS.
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Figo 1.4» shows a linear relationship between the optioal
density and fhe concentration of oleic acid in iso-ootane solutions
over the range studied. This relationship was exprassed by the formula:

optical density = 0.16 . concentration ( in g/1 ).

B B

Comparison of the two formulae correlating the optiocal
density and the concentration of fuel oil and oleio aocld respectively
in iso-ootene solutions, demonstrated that the optiocal density of
fusl oil was 50 times higher than that of the olelc sold at equal
concentration. Since the oleils acid/fuel cil ratios employed in
ilmenite flotation vary from 35:2 to 1:1, oleio acﬁ oould not be
determined by this mothod in the presence of fuel oil, and it also
interfersd to a small extent with the detarmination of fuel oil.

At oleio acid/fuel cil ratios of 1:1 the additional opticel density
dus to the oleio acid was 8% of the total optiocal density.

108, DETZRMINATION OF THE OLEIC ACID.
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Small quantities of oj.eio aoid were treated with an excesn
of aquoous N/iO NaOH solution and agitated with a magnetic stirrer.
Visual observation indioated that small flakes of saponified oleic
soid remained undissolved. Whereas heat is used in normal saﬁonifioation
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procadures _(8) to facil:l.ta'be diasolution, it oould not be used in
the present oase 'here the aim was: snponiﬁcati.on of the oleioc aoid.
whila in iso-ootane solut:lonc ‘

The suspensions of undiaaolved oleate wero titra.ted
potentiometricelly with a N/10 Hol aolutign and the pﬂ valuss wars
measured after reaching equilibrium. The results of some of these
titrations are presented granhieally in fig. 1.6. It wam ohsarved
that the oleaté ‘Yon can not be disti.nauishad from the carbonate ion
but is easily dlstinguished fromn the free alkali.

| The end po:lnts of the t:l.trations wore pm;eaented in table
1.4, In all titrations reported in this part the end points ware set
at the midpoints of the reape:otive inﬂeotions in the potontiometrio

titration curves a8 shown in fig. 1.5.

End point results of the potentiometrio titrations of sodium

oleate puspensions in water with mqueous N/10 HC1 solutions

. Initial oledio| N/10 NaOH| N/10 NaOH | N/10 Na 2005 Oleio acid
acid, meq. total,ml. | excens,ml nla found, meqe
1.6 24.5 1640 1.0 0.75
0.8 24.75 15.8 1.0 00785
| 0.55 10.0 6,56 0.4 0.515
)3 . M
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FIGURE 1.5

POTENTIONETRIC TIURATION CURVES OP OLEATE SUSPENSIONS WITH HClL.
pH 4 [ v i
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Table 1.1 shows that the oleate ion was only partially
accounted for by the potentiometric titretion with HCl. The anount
of oleate was ;etmi:;ed by corrscting for the ocarbonate content
of the NaOH aliquot used for the saponifioation.

The experimental' resultzs suggested that the oleio aocld
was not ocompletely saponified before the titration. A suitable
vesction medium had to be used for conplete dissolution of both
the oleate and the free oleic acid. The medium should be immigoible
with the iso-~ootane in order to permit extraction of the oleic aecid
from the iso-octans solution. Mixtures of water and ethencl could
fulfil these requirements. |

1:8.2. Saponificetion of oleic ack | by HaOH selutions in othanol-ws

Oleic acid was completely dissolved in N/10 NeOH solutions
to which 20% by volume ethanol was added. The solutions were
titrated with aqueous N/10 HCl solutions and the end point results
are presented in table 1.2, The table showa that almost all the
oleio aoid was acoounted for. Liberation of free oleoic acld as a
turbid emulsion was however observed in the course of the titration.
It was thersfore necessary to determine the :n:lnimal proportion of
ethanﬁl required.

The ethanol/water ra:bioé needed for complete dissolution
of oleio a0id were determined es & funotion of the oleic aocld

concentration in water. The results are prosentsd in fig. 1.6 which

shows that an 1.6:1 ethanol/water rétio was a minimum t_‘br the titra~
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TASLE 5.2

Ind-point results of the potentiometrio titrations of zodium

oleato aélutiona in 20% othenol. with agueous /20 HCL solution.

Tnitial oledio | /10 NaeOH | N/10 NaOH |N/40 cog“ Oleic acid
oold; mege total,mle. | oxueBa,ml. ml. | found, meqe
0.68 9.5 308 004‘ .68
0,545 9.8 6.0 0.4 3525

FIGURE 1.8

BTHLYOL/%icfiR  RATIO N&C=S3ARY FOR COMPLETE DISHOLUTION

OF 0 - 24 GRAMS OLEIC ACID IN 1 LITER WATuR.
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‘tion of sodium oleato with agueocus HCl solutlon. The volumetric ratio
,waalreported in reletion to the sum of the NaOH and HCl volumes
consunsd. .

The sultability of this minimal volumetric ethenol/mater
retio for the potentiometris titration of sodlum cleste was examinsd -
in the following tests. In each of these tests 33 nl ethanol wera
sdded to 10 ml of agueous N/io NaOll solution, olele sold was intro-
duced, and ﬁha>nolutions wereltitrate& with squecus N/10 HCL
solution. The potenﬁiometric titration auﬁves ere presented in fig.
1.7 and the end-point results in table 1.5;

This procedure was oross=chocksd in the following momner:
semnles of eleie aoid wére dicgelved in alxtuves of sthenel and
water ond wore titrated with N/10 aqueoué NalOH soluticn; the excsaos
of NaOH was thon baok titrated with sgueous V/10 HCL amclution. The
potentiometrio ¢titration ourw@a'aée pr@aentéd in fig. 1.8: The dif-
forcnce betwesn the titrabtlion @nﬁwpointa was equel to the N&BCO5
oontent of the N/10 NeOH eliquot.

Examinaﬁiap of figures 1.7 and 1.8 shows that the potep-~
tiometric titration curves wera smooth gnd that 4istinet end-points
could be obtained f§r both free NaOH and sodium oleate in the pi
intervals 11-9 and B-4 respectively. Table 1.5 shcws that the

entire oleic acid content was determined by this titration.
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FIGURE

POTENTIOMETRIC TITRATION CURVES OF SODIUM OLIATE SOLUTIONS IN
1,631 ETEANOL/WATER WITH N/A0 AQUEOUS HC1 SOLUTION.
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FIGURE 1.8

POTANTIOMSTRIC TITRAITON CURVA OF OLSIC ACID IN 1.6:1 ETHANOL/WATER
WITH AQUSOUS N/:LQ NaOH AND BACK TITRATION WITH AQUsOUS N/20 HCl.

pH 8.0 6.0 4.0 2.0 0.0

¢ TN/10 NeOH, ml.

i2 [
10 [ "
g8 | .

@—s—g Back titration with N/10 HCYL S

pomzi——X Titration with N/10 NeOH

1 ! ) ! y
2.0 4,0 8.0 8.0 10:0

§/10 HC1, nl. <



PABLE 1.5
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End-point resulis of the potentiometric titrations of sodium

oleate solutions in 1.6:1 ethanol/water with agueous N/10 HCl.

Initial oledic | N/10 NaOH| N/10 NaOH | N/10 co;" Oleis agcid
aoid, meqo total, mli. excess,ml. ml. found, meq.
0.52 9,85 4.4 0.45 0.5
0.258 9.85 6.8 0045 0.26
0.129 9.85 7.8 0.45 0:16

PABLE 3.4

End-point results of the potentiometric titrations of sodium

byﬁroxidq_solutions in 1.6:1 ethanol/water, left in open begkers

for different periods

Period before |N/10 NeOH| N/10 NaOH | N/10 CO5 co;‘“
titration,min. jtotal,ml. | exoess,ml. nlo meqo
6 10.0 9055 0,45 00045
85 10.0 8050 0,70 0007
60 10.0 9.05 0.95 0,095
100 10.0 8.8 1.2 0.12
b1 s v v——— i




FIGURE 1.9

POTENTIOMZIRIC TITRATION CURVES OF N/10 NaOH IN L.6:1 ETHANOL/WATHR .

WITH N/10 HC1. THE 602 ABSORPTION AS A FUNCTION OF TIME.
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2.8.8._The rate of O, absorption by the slkali solution inm 1.6:1
gthanol/mater. . | »

- It was necessary to determine the rate of ,003 abgorption
from the atmosphere by NaOH solutions in 1.6:1 etha_noi/we.texfa‘ }
Mixbures of 10 ml N/10 NaOH solution end 52 ml ethanol were left
gtanding in open beakers for different pario_ds and were then _tita
rated with N/10 HOL ‘solution. The potentiometric titration curves
are presented in fige 1.9 and the end-point results in table L.4o

A_The_‘ase results show that the 003 was asbscrbed from the
atmosphere at o rate of 0.05 meq per hour and ix}' order _to avoid
errors in the oleic acid determination the oleate golui:iohs in
1.6:1 ethanol/mater must be titrated as soon es prepered.

.1t wes found unnecessary to use special Goaaff;*es NaOH
golutions because .stanﬁ&rd N/;!.O‘ NaOH vs.olutions‘, containing $5-5
eggivalent % pf‘_ C_:(_)29 '.did no‘b_ aignif‘ican@ly abz«zor‘q_ further 002 |
when kept in ground-glese %o ppered bottleso As a further precaution
it was nocsssary always to withdrw_ the NeQH aliquots by means of
mechanioallplipa ttea an& %o calibrate frequently the cog content of

4$he N/10 NaOH aolution.

— - - —— wEE e W SR s

- Verious quentities of oleic acid were added to a serles of
10 ml eliquots of N/10 NaOH solution fo newtralise 10-20 equivelent
of the NaOH present. The solutions were diluted with 52 ul ethanol

and were titrated with N/10 HCl. The potentiometric titration



fndepoint pesulto of ¢hy potentlometric titrations of sodiun cleate
solubions in 1.8:1 ethanol/water at different NaOH exconsen with

 6yodous /20 HOL selution.

/40 NaOH totai, 9.65 ml.y N/10 co;‘, o"&..’f‘.f".’._ i
Initial oledo| N/40 NaOH| N/10 oleate] Oleiec moid| Error, %
; 2oid, meg. exeagsk,ml found, ml. | found,meq N

0.0 - " .65 0.0 0.0 o
0.106 8,60 BEW. ¥ 0.105 4
00222 7.50 216 | 0.415 | -5
0,288 ' e85 | 2.80 1 0.280 -8
00597 8.78 8.80 00390 -2
0515 4,55 5.10 0.840 | -1 §
088G 8,80 8.1 0.616 | .:N1
0.746 2.46 | T %80 0. 750 ? =
0.791 1.08 7070 0.%70 g Bob
0.995 068 | 6.10 0,910 f =108

I S - )

murves are presonted ’in £igc 1,10 and ‘the end-point reaulfm in table
heBe o | |

Table 1.5 chows that am error ( mex. deviation from the
BEZB ) 6? éi%'m.e obtained if ,61910 .acifd of 98"/3 purity was agsunsd,
and ‘the-refcm 1 meqo ol@io'ao:_i,&. equalled 289ng. Thia acoﬁracy was

szoosded 4n the range below 100j% excess NuOH, and tho most sultable
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FIGURE  4.40

POTENTIOMBIRIC TITRATION CURVES OF N/10 NaOH IN 2.6:4 ETHANOL/WATER

PARTIALLY NEUTRALISED BY OLZIC ACID WITH AQUEOUS N/10 HCL.

o-o—~e 0.0 meq. oleiec acid

e 0,106 " "
2 | Gy ] 08597 ® w -1
G TP 0,650 " " "
et 0? 25 © ': ‘ " ; . ,
2.0 4.0 840 8.0 10.0

N/10 HC1, pl. =
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renge was 30-1005 excess NaOH with respeot %o the oleic acid presente

Pigo 1.0 shows thet distinct end-peinte were obtained
for both free NolH and sodivm ¢leats, at pH 11=8.5 and pH 4.4=5.8
respectively, over the entive range of 10-900% eméesa HeOHo

These resulbts demongvrate that S50-200mg olelc acid
could be gquantitetively saponified in e mixture of 10 ml N/10 NeOH
solution and 52 ml ethanol, and that tho amount of cleic acid counld
te securately determined by potentiecmetric titration with agueous

/40 HCL soluwtione

Lo SEPARATION OF QLSIC ACID AMND FUSL OIL DISSOLVED TN IS0-0CTANE.

it was necessary o separate the oleic acid from the
fuel oil by quantitative tronsfer from the iso-octane phase to the
agueous slkaline solution. The feesibllity of such a process was
exzanined in the following tests.

Hizburss of oleie aclid solutions in isc-octane and of
W=0H selutions in ethenclewater medis were strongly shoken by hand
in 80 ml ground-glessc stoppered test tubes, and the eauvlsions
obbained wore rapidly transferred into centrifuge test tubes and
centrifuged for 45 minutes at 3000 r.pom. '

Samples of the isc-octane phase were enslysed by mea-

guring the opticel density at 224mpo. Samples of the allkeline leyer
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were subsequently pipetted 1nto__beaqus containing 50 ml ethanol

end were then titrated with N/10 HC1 solution. The results are

presented in taeble 1.6.

TABLE 1.6

Resulta of the aaponiﬂoation of oleio ac:l.d in iso=octane solutions

by N/:.O NaOH solut:l.ons in ethanolewatero

nl.o

8

5
5.
5\
5
5

\
B e T T =

N

] m/:.o NaOH Ius.tial " E-ehanol Iso-octans/ Oleic 5m~ror Optieal
cleis ae| mio | {NaOH o Etha< aold % {density
Mi%ml * nol) ratio | found | 2%4ay
( L neq 7
0.502 ; 0 4 2Bl | 0.508 | <0.8] 0.185
i N ‘ ot .
90251 ; 0 B .=3. 00259 °"Dn4{ " 0.186
00251 | 0 | 402 io0.21] -8 | 0o20m
i ’ .
0.252 ; 1 2.5:4 00247]! =1.8] 00160
0,361 |, 2 | 2.1 0.255| +3.6] 0.156
" 0,251 i 4 f 1,714, f 0,247 <1.6] 00135

A highly stable emulsion was formed when attempting the

saponifioation n.n the abeenoe of' ethanol. Prolonsea centrifugetion

produue& a cloudy NaOH phase and & elear isoeoctu.ne yhase with a

jeliy lika 1.nterfacea Addition of ethanol to the system reaulted in

less atable emulaions which sepaz'ated in 'bhe courss of 2-§ minutes

centrifusationo The minimum amount of ethanol necessary for good

phase zeparati.on was 40% by volume of the alkaline phaseo
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Optical denaity measuremen‘ba of ths iso-octane phase shcwed
the praaence of a renidum which was proports.onal to -bha initial
concentration of oleic ac:m aend inveraely propor't:iona.l to the amount
of ethmml added. 'ﬂm optical denaity of 'Bh:la residue corresponded
to 1%15% of the initia.l olelc acid oonuantmtion ( see 162045 o
The oontribution of this residue could. be negleotedp ai.nce the con=-
tribution of eleie aci.d i.taelf to the optica:l. density of fuel oil
was only 5‘}!: of the tota.l at customry :1.:1. oleio acid /fuel oil rat:.oaa
The residue 1tsalf‘ was not an orga.m.c scid ainoe the reaults in
table 1:.6 indioate complete saponifioation of the oleic asido.

_The distribution of ethanol bstwsen the agueous alkaline
phaée and the iso-octane ph@.aé was examined in the absenoe end in
the p:msence of olelo soid. It was found that practically mo
othanol was left in the iso@octm ab 2'1:5 eth&nol/wa.ter/iaonootana
mt:!.osg in the preaenoa of Oelog cleio aci& per lu 1ao°=octanoo

Contaot with allmli solutions in 40‘,’3 ethanol aid not
e.f‘feot the. optioa.l denaity of iso-octene when oleicA aclid was

abaent.
1:4-2 The NaOH OX0e8s rquir d for guantitetive extraction of

Iu ora.er to d.etermine the necessary exoess of' Na.OKs
seveml 10 ml aliquots of iso-octane aolutions oontaining varyins
- gmounts of oleio aoid were Bhaken with 5 nl N/30 NaOH solution and



8 ml ethanol. After centrifugation the lso-octans layer was analysed
by optical density measuroments and the alkaline layer by potentio-
metric titrations.

The results are presented in tables 1.7 and 1.8. Table 1.7
shows that the optical density of the impurity left in the iso-ootane
layer was roughly proportional to the initiel oleic acid concen-
tration but was negligible from the view point of fuel oil deter-
wination.

Table 1.8 shows that an excess of 50% NaOH was sufficient
for quantitative extraction of the oleic aoid. The difference
between the initial quantity of the oleio acid and the quantity
found was &1% over the entire range of NaOH exoess.

%04-8._Saponifiocation of oleic acid in igo-octane solutions in the

— — o e Gl men  wEm swmn GeEN SR N URTE UUED e GMED TEME NN MGw AR hwp S S

presence of fuel oll.

The saponification prooedure dascribed in 1.4.2. was
applied to aliquots of iso~ootans solution oontaining varying
amounts of oleio acid and ﬁel oil. APter centrifugation the iso-
octane phase was analysed for fuel oll and the alkaline layer was
analysed for oleic acid.

The results presented in table 1.9 show that the NaOH, the
ethanol, the oleic aclid, and the oleate residues in the iso-octane
14 not affect the acouracy of the fuel oil determination. The
error was &% The results presented in table 1,10 show that the

fuel oil did not interfere with the oleic =20id determination. The
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TABLE 1.7

Optiocal density of iso-ooctane solutions after saponifiocation ef the

oleioc aoid.
Initinl oleic | Optical Gensity| Equivalent oleic] % of initi-
acid, g/1 at 224mu acid concentrati] al oleis
on, g/1 acdd
0.945 0,08 0,19 20 ‘
1.89 0.026 0,186 ' 8.6 |
2,84 0,069 0.87 15
8.78 0.075 | 0.48 13
4078 00208 - 0.648 18.5
5087 0.125 0.78 | 18,7
68.85 0,198 324 18.8
TABLE 1.8

End=point results of the potentiometric titrations of alkaline sepo-

nification mediums efter extraction of the oleic acid from isc-cctane.

Initial oleic | N/20 NaOH | K/20 NaOE |N/20 co;‘” Oleiec acid| Error

acid, meq. total,ml. | exoess,ml. nl. found,meq %
0.0492 9.2 7.85 0.45 0,049 =004
0.0985 8.95 676 | 0.456 | 0.0078 | <0.7
0.1476 9,2 6,08 0,45 . 00147 0ol
0.197 o3t 5ok 0.45 0:495 | <1.0
00946 9,35 4,25 0.45 0. 2485 4160
00295 9.05 8. 35 0045 0,295 0
0,844 8.85 2.30 Q.46 0o 542 «Qo §

- 0.00 8:85 8.4 0.45
NaOH blank 10.05 965 | 0.4
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Fuel oil content of the iso-ootane layer after saponification of olele acid.

Iso- | N/10 | - Btha- | Oleic | Puel | Optical| Fuel oil | frror
octane] NoOH | nol acid oil density| found,g/l{ %
nlo nl. nl. g/1 g/l | 224mp.

50 | 0.0} 0.0 0.0 | 5.08 2.50 500 =108
4.0 | 0.0 0.0 | 0.0 | B.82 1.95 5.85 2.0
18,0 | 5.0 8.0 0.0 | 3.5¢ 1.58 2,535 0.6
15,0 | 5.0 5.0 | 0.0 | 5.08 2,62 5,025 <303
18,0 | 5.0 5.0 4,74 | 2.54 | 1.55 2.52 =008
15,0 | 8.0 8.0 8.57 | 2.5¢ 1,85 2,62 -0.8
15.0 | 6.0 5.0 2.57 | 5.08 2.76 5.046 -0,7
20.0 5.0 5.0 85.55 | 8.81 1.80 5.80 =0025

TABLE 1,10

End-point results of the potentiometrie titrations of ssponification
rediuns after extraction of the cleic acid from the iso-ootene layer.

Initial oleio | N/20 NaOH| N/20 NaOH | N/20 co;" Oleic acid| Brror
aold, meq. total,ml.| excess,nl. ml. found,meqo | %
8.0
0.0 _
0.0 8.9 8025 0.65
0.0 9.05 8.5 0.85 .
0. 2505 9.5 4.06 0.6 0. 2526 +0.8
0,345 8.2 5.7 0.6 0.125 =308
0,125 8.0 608 {1 0.8 N.1.255 +0.4
0.2505 8.95 8.9 0.6 0.2525 +0.8
NaOH blank 10.1 9,75 . 0.55
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It was -bhua demonatrated that the sapon:l.fication methed
nade possi.ble an effective separati.on of oleio ‘acid and. f‘uel oil,
while the individual analytioal merthcda permitted aooura‘be deter~
mi.nati.on of ‘their concentrations in thg reapective phases.

3,.B._DETERMINATION OF TALL OIL.

Lo I R M i e I ) —u-—--—a-—-a-—---n e et s dns i e v ivie o e

It was desirable to atuay the adnorption of fatty acids
and fuel oil on umen:\:ta flotat&.on produots 1n the oase of orude
ta.ll oil. The walytioal prooedwe was therefore e.aapted to the
detemmination of tall oil and fue]. oil mix‘hutes, ana. in this adapte-
tion the following steps were congidered: potentiometric titration
of "b’all oll a’oiutl‘oné in ethanol-water media, sapoﬁﬁoatioh 6f
teil 6il in 1‘aa~00tane, ana. the posaibility of interferenoe of the
tall oil and the fuel oils |

) Small anounts of tall oil and. oleio acid were diesolved in
ethanol, Hcl and NaOH were sdded.p and the rasulting aolutions were
titrate& w:!.th N/BO NaOH solutiono Tables 1.1 and 1. :Lz show the
potentionetr.‘.c t.ttration end»point results. The amouat of orga.nic
| aoid ccntained 41 the tall oil was fuunn %o be equivalent to 80% of
:i.ts weight expraasea in oleio ao:l.ﬂ..

D eEn e e R W D Gmm WG RAD RAD e e am -——u——n-—

' Small amcunts of tall oil were dissolved in 25 ml sthanol,
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TABLE 2.3

End-point results of the potentiometric titrations of olelo acid
solutions in 1.8:1 ethanol/water with agqueous N/20 NaOH solution

Initial oleic| N/20 NaOH 20 CO,~ [Oleic acid found |Error

acid, mg consumed,ml|{ ml S meq ng %
. O 005 0-:5
80 5.9 0.5 2.85 | 81 o2
82 6005 -005 2090 83 '#102
04 6.8 0.5 3,28 04 0
TABLE 2,42

Bnd-point results of the potentiometrio titraticns of tall oil
solutions in 1.6:1 ethanol/water with aqueous N/20 NeOH solution,

Initial tall | N/20 NeOH |N/20 co;" Oleis acid found | Oleic acid/
oil, mg consumed, ml meq ng tall oil
rl ratio
11.2 0.95 Q.8 00325 9.2 0.82
8501 2.25 0.5 0.0075 | 27.8 0.785
85.8 5.16 0.5 0.2425 { 6805 0.8
185.7 7.9 0e8 0.58 107.7 0.795
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excess of N/20 NaOH solution wes added, and the solutions were
fitrated potentiometrically with N/20 HC1 solution. The potentio-
netric titration ourves obtained for tall oil were similar to those
obtained for oleio aocid, as oén be‘seeﬁ fron £ige 1.1l and Pige 1.0,

The end-point results presented in table ieis show that the
organip aoid content of tall oil could be acourafaly determined by
the potentiometric titration. Each gram of tall oil @ontain’ed 2,78
meq. organic ‘aoivol.e,, whﬁ,dh is equivalent to 0.8 gram oleic aoid. By
‘using the faotor 1 meq. = 36¢ mg %all oil, the amount of tall cil
. .present could be caleulated from the diffsrense between the titration
end~points, expressed in miliequivalentso The error was &48.0%. It
wes impossibile to differentiste between the fabty and resin acids
by means of the potentiometrlio titration. -

Visual .obaérvation indicated complete dlssolution of the
tall oil in the ethanol or in the alkaline solutions in ebhanol-
water. The tall oil remsined dissolved in the course of the titration
with the HC1 solution.

|
I
i
i
i
1
I
|
l
!
i
!
t
i
i
l
1
i
i
1

It was impossible to dissolve tall oil completely in ilso~
ﬂ(ztax:_p;“"A' 180mg_sample of tall oil was therefore ff'réé.ted wlth 50ml
“i.ao«-ﬁotme and the resultm auupengion was centrifuged. Two 20ml
" aliquots were withdrewn from the clear ‘golution. These aliquots ss
. well a8’ the remeining solution; containing the entire residue, were
seponified with N/20 NaOH solution in ethanol-water, as described
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FIGURE 1.1

@64‘3

- POTENTIOMATRIC TITRATION CURVES OF N/20° NeOH IN L.6:1 ETHANOL/

WATER CONTAINING TALL

i

OIL WITH AQUEOUS N/20 HCL SOLUTION,

[ #=m~®. 10 nl. NaOH + 52 nl Ethanol
Lt smans J " * + 82 mg tall cil
Pt et t n e 485 % K
u-»-a-a - E ¢ 465.8 "
) g | ) \ i
2,0 4.0 8.0 8.0 10.0

N/20 Hclg mle <




TABEE 3,18

Snd-point results of the potentiometric titration of saponified tall oil

‘solutions in 1.6:1 ethanol/water with aqueous N/eohcl solution.

Inits | N/20 NeOH | N/20 NaOH {N/20 co;" Tell oil| Equivalence| Error

tall oil ] total, ml |excess,ml nl Pound, factor %
ng. meq meq./g
52 8.0 595 0.55 00087 2.72 100
81 9.8 49 0.55 0.2275 2.80 1.8
82 9.8 4,95 0.85 0.225 275 0
111 9.8 " B.S 0055 0.5076 2.77 +0.8
124.5 9.7 2045 0.85 0,545 2.77 4008
166.5 9.7 0.9 0.55 0.4225 2,72 «100

TABLE 3.1¢

End-point results of the potentiomstric titrations of saponification

mediuns after extraction of the tall oil from iso-ootane puspensions.

——rr oL R LY ]

A I

—

Initial | N/20 NaOH | /20 NeOH
tall o4l | total,ml | excess,ml
- ng
72 607 8,75
72 8.7 5.75
58 4,75 255

N/20 CO”
nl

v e - e o e s st v o

0.25
0.25
0,125

Tail oil found |Error
meq ng
Q0,208 7.4 =30
0,198 | 71.4 | «1.0
00 104 5695 +1.0
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1n 1.4:2. The wganio a.oid oontent :Ln the alkaline layer was deter~
nined a.nd. the results were preaantea. :Ln table 10140 |
The results in table 1+14 show that 1t was poasible to
saponify the ontire organio acld oontent of the tsll oil :l.n iso~
-ootam aolutions,, analogous to the saponiﬁcation of oleio e.cid :I.n
1ao-oo‘bme aolutionso The organic a,c:ld conoentration in the olear
| iso~ootane soluti.ou correapond.ed %o complete diasolution of the
' entire orsunio aom content of the originul tall oil 55!!?130 This
i.ndioated that the enti.re orga.nio a.c.td. ¢ontent of tall oil samplee,,
adsorbed on 11meni‘be flotation prod.ucts, could be diasolved in the
:i.so-ootnne, u' thoy have ‘been auooessfully desorbad. by some agento.
The optical &enaity of tha iso-ootano solutions left after
the aaponiﬂoation was meaaura& at zampa The opti.oal denai'by of
all 'Bhrea samples m the aama, ana. it corresponded to a fuel oil
oonteut equiva,lent to 7 of the tall 011 oontantg which was a
' ngg;i_gible error at cuatowy '1;311 oil/fuel oil ratios around 1:1.

_:_L_o N Sg,poniﬁoation of_ tall oil in iso-ootane solutions in the

wean Ll i i

The appli.cabili.‘by of the sapoxﬁ.ﬁoation procedure to the
. aeparation or to.].l oil and fuel oi.l in iso«ootane soluti.onu wasg
mmutisatedo ) . ‘
Smell amounta of a 5:2 tall o:l]/feul oil mixtura ware
udminiatered by means of a ayringe to 20m1 iacaa-ootane a.liquots, in
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the renge 0.2 05-2,293/1 tall oil and 0.155-1.5455/1 fuel oils The
resulting salutionn were ssponified with alkall solutiona in ethanol-
water as described in 1.4.23. Saumples were withdrawn from the two
vle.yers and they wers analyssd fox; tall oil and fuel oll.

It was oonoludsd from the results presented in table 1.18
- that saponification separatoa the tall oll from the fuel oil an
effootively as it separated the oleic acid Prom the fuel oil,when
in iso-octane sclution. The presence of fuel oil did not ' interfere
with the determication of tall oil by'fhe potentiometric titration.

Measurement of th'e' optiocal density of the iso~octane
‘solutions left after the saponification has shown the presencs of
an impurity, originating in the tall oil, .whi;ch contributed 4% of
the total optical density. This relative contribution was constant
over the entire' range of fuel oil end tall oil concentration, ab
) oonstant tall oil/ﬁxel oil ratic.

The above ment:l.oned tests mhcm that it 1s possible to
determine tall oil and fuel oil contents of 1so-octans solutions by
~means of the analytioal pfoqedpr‘e developed.

1.6, DASORPTION OF OLEIC ACTD AND FUEL OIL FROM ILMENIT.

; oBasde I 0 'L\Qt _:"_ o
It vas menti.onei in seotion 1.1.8. that acidification of
'the 11menite pulps would result in desorption of the flotation
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TABLE 035

Results of the separation of tall oil and fuel oil dissolved in

iso=00tane by means of saponification.

}
Initisl reagents,mg Tall oil ; Error |Puel oil| Error
tall oil | fuel oil found,ug | % |found,mg %
]
4o1 5.7 8.7 ! 8.8 2.8 40,5
8.9 5.9 8.4 «Bo8 8.0 | ¢4-2.5
15.6 9.1 1406 +7:85 Dol 2407
17,6 11,7 1707 40,57 | 12.2 44008
22.9 15,8 2.1 482 16.0 440068
7.7 18,5 26,9 R 19.4 44008
55,5 22.4 5404 +3.7 28.5 +440.9
57.6 25.0 86,7 =Z0d 26.3 +440.8
4201 28.1 410 “2:6 29,2 +4=00%.
45.8 50.5 46.8 +1.76 | 52,0 +440.9
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reagents from the mineralso Theae reagenta could then be extraoted
with iao=oota.ne. _ ‘

A pure ilmon:l.te aa.mple (< 1mm ) was first washad with pyri-
dine and then rinsed ws.th iao—octane in order to remove the orsanie
' 1mpmtieao The sample was then ground to a sine diatri‘oution
equi.va.lent to that of' e,o'bue.l ﬂota.ti.on oonoentrataau

The - finely ground matorin.l was stored in grounﬁ«glus stop-
pered Jarn. in order to preven’c contamimtionc Trea.tment of this
»ilmenite wi‘ch the flotation reagents, at '70% nolidsa :moduced frothy
and agglomerated pulps whioch were similar in appearance to the actual
flotation 6oncen£mteag and these pulps were termed "simulated
ﬂotation conoen*'re.tea" | |

. In the teats deaoribea. belovw the flots.tion rea.gents ware
introduced by neans of & hypoaerms.o ayringe, yermitting accurate
aetamina.tion crf’ the in:‘..ti.al reagent oontent of a "simule.ted
ﬂotation conoantrate" Sinoe the axtra.ction ef the f‘lotation reagents
from "sﬁmula.'ced flotation oonoerm'a.tee" we.s not quantitative in
open vesaelsg beomme of the high isowotana vo?.atil:l.ty, 21l tests
desoribed. below wers carried o;rh in closed contalners.

A prenminary tost was performed in order to establish
the possibility of extraoting the raagents from "simulated flotation
oonoentratea" by a.cidifioation of the pulp and by treatment with
isococta.neo A ground-glass stoppered flask containing 500g pure
Linenite, 150m1 water, 524,43 tall oil and 548 fuel oil, was
vigorously shsken for 5 minutes to allow adsorption of the reagents
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on the ilmenite surface. A "simulated flotation concentrate" was thus
produced. fl.‘ho‘ puly was aclidified to an 3280 4 aoncentration of 12N,

and 200ml iso-ootane was edded. The flask was shaken again for b

ninutes and left to stand. After separation of the two layers, samples
were withdrawn from the iso-ootane layer and were anslysed for tall-oil
and fuel oll. The results showed the presence of 104% of the initial oleis
ac&.ﬂ. and 10755 of the initial fuel oil.

Having established that the entire content of oleic eoid and
fuel oil adaor‘ﬁed on "simulated flotation concentrates® can be determined
by the method suggested, it was necesgery to examine the effects of the
individual parameters: the HBSO 4 concentration; the proportion of iso-

ootsne, and the concentration of the two reagents.

- WWS Gow ww  wmp e e wE enee — w— i d— - o o G D wams e e we as  Bm  wed SOV

A standard procedure was adopted in the desorption tests:

Ground-glass stoppered containers, into which ilmenite and
water at 70% solids and a given .quani;ity of the reagents were added,
vers ahgken vigorously for § minutes to produce a "simulated flotation
conocentrate®. Various amounts of HZSO , nd iso-octane were then added
and the bottles wore shaken again for 8 miziutea to allow extraction
of the reagents. After 10U nmimutes standing the liquid phaser were
trensferred to centrifuge test tubes for phase separation at 5000 r.p.m.
After 10 minutes' centrifugetion samples were withdrawn from the isc-
ootane extracts and were analysed for oleioc acid and fuel oll content.

In the firat series of tests the 5280 4 concentration was varied



over the range 0.0465-;. 6N, and 't:ha other parameters were 1503 ilme«»
nite, '753 water, 0-5-0.55 &/ke oleic aoid and 0,30-0,22 g/kg fusl
oil, a.nd a 113 iso«aootana/aolids re,tio ( vol./wt. Je In soms of
these teats the isa-octane/aolids ratio was deereaaad to 1:4., The
results are presgntad in :E'ig. .1.12 and the related aata in table
1.18- - | |

Fige 1.12 shows tl:la.'.t. the r;sgent desorption was complets
at an HQBO ooncentration of 15N, when the iso0-ootans/solids rati.o
wan 1:3. On lowerins the :lao»ootane/solids ratio to 1:4 the recovery
of the reasants m raﬁucedo

'l’able 1.16 nhcms that the oleic aoid recovery was higher
than the fusl oil recovery ai iao«soatane/solida ratios of 1:4. The
raﬁos of' the raapaeﬁvé réasenta :‘ecoveriesﬂ weré on an average

.3. in the first oass and only 0.98 in the seoond ocase. The correla.-=

tion of th:!.s difference wi'bh the iso—-octana/solida ratio is exa,mined
in the follcwing uectiona '

in two otages: |

a. the z:eﬁgents w.erer :d_asorbed at 1‘=4 1so=6ét§ne/sdﬁds'
ratio,,a‘ml~‘ | |
X bo the volume of‘ iso-ootane aattraot ramoved at atage a
was replaced by an equal volume of fresh iao—ootane and the |
desorption was repeated ( no furthor acid was added. at this stage o

The pa.rameters in this aeries were 100g ilmenite, SOg wa-ber,



FIGURE 1.12

RECOVERY OF OLEIC ACID AND FUEL OIL FROM FURE ILMENITE AS A
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FIGURE 1.13

RECOVERY OF OLEIC ACID AND FUSL OIL ADSORBED ON PURZ TLMENITE AS A
FUNCTION OF THE NORMALITY OF THE AQUEQUS SOLUTION. -
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Note: o.a. - olele acid, f.0, -~ fuel oil, ia/so-iso-octane/uolids



TABLE 1.16

Results of the desorption of oleic sold and fuel oil from
toimnlated flotebion concentretest e o function of the

normality of the agueous solution.

Iag~00= ﬁ@rmality Initiel reagente |Found resgonts % recovered | Batio

tans/so-] N o o £.00 Gofio £o0e [Gemo | Febo

lidec ng. nge RZo ngo
1:4 0,58 818 412 594 265 62 |64 0.97
i:4 0.72 665 445 349 240 b2 |54 0.87
1:4 1.08 864 444 8522 2156 48 |48 1.0
1:5 0-47 442 296 550 208 76 170 1.07
1:5 0.94 | 450 501 278 270 | 62 |56 |1.09
1:8 1..075 457 5Q5 567 252 80 76‘ 1.06
1:8 1.356 460 ‘ 506 450 276‘ 98 | 90 1.08
1:5 | .41 | 465 511 | 470 | 202 | 01|94 |1.07
1:3 1.42 461 | 807 475 294 10%f 96 | 1.075
1:9 - 1.585 470 513_ 428 257 | 91 '8; 1.12

Note: O.8. = oleic acid, f-.0. - fusl oil, ratio - of the %

recoveries of oleic acid and fuel oil.




0.24-0.37g/kg oleic acid, 0,16-0.18g/kg fuel oil, and an H,80, conoen-
tration of 098-2.5210 The results obtained in stages g and b are
presented in £igs 1.15 and the related data in table 1.17.

- Figo 1.15 shows that complete desorption of -0oleic acld and
fuel oil from simul_.ated flotation concentrates was impossible at
iso-octane/s0lids ratio 1:4 over the entire range of stb 4 ooncentra-
tion. The increase of the iso-ootane/solids ratio in stage b has
resulted in the complete desorption over the range of HSSO 4 oonsen-
tration of 1.6-2.0N. The ratios of the respeotive pecoveries of oleio
acid and fuel oil were 1.14:0.11 at stage b and only 0.860.12 at
stage g where the iso-octane/solids ratio wes 1:4.

Since it was preferable to extract the entire content of
oleic aoid and fugl oil in one stsge, the second series of tests was
carried out at & 1:2 iso-ootene/solids ratio. The other parameters
were 50mg ilmenite, 25g water, 2.1-5.1g/kg oleic moild, 1.4-2.05g/kg
fuel 0il;, and a HZS% ooncentration of 0.5-3.5N. The results are
| presented in fig. 1.4 and the related data in table 1.18.

Pig. 1.14 ghows that the reagent desorption was almost
complete over the range of H,80, concentration 1.8-5.0N, while even
at ooncentrations as low as 0.5N the desorption was considerably
higher at this iso-octane/solide ratio.

Table i,..:.a shows that the ratio of the oleic acid and fuel
0il resoveries was an average of 1.15 at the 1:2 iso-octane/solids

ratio. It slao shows that the recoveries of oleic acid were over

100% while those of fuel oil were below 100%. The elimination of



TABLS 3,37

Results of the rdesorption of oleic acid and fuel oil as a function

of the nermality of the agueous solution at low and high ieo—oqtane/

solids ratios ( two stages )

Normality |Initisl reagents | First stage of desorption
N D080 £.00 Oode | $a0s | Oofle | Febo| vatio
ngo ngo ng. found mg.| % recovery

0.84 258 1723 118 92.5 | 45.6 | 58.9 | 0,81
1,09 256 171 115 . 98.7 | 48.8 | 57.6 | 0.756
1.54 263 174 136 . 102.5 | 50 |89 | 0.848 §
1.58 286 177 156 142.5 | 5% | 6902 | 0,758
1,83 954 170 177 122,56 | 69,5 | 72 | 0.965
2.05 268 178 206 180 76,5 | 8404 | 0,906 1
2.27 259 178 158 105 | 53,5 | 60.6 [ 0.88 |
2.48 265 178.5 | 138 94 | 52 | 585 | 0.075 |
Standerd 240 160 240 160 100 {100 | 1.0 |

| U N
Second stage of desorption
~ "Additional found TAdditio " {Tobal % Ratio of

0080 f.0. l!recovery recovery recoveries
ngo Nge |00l £,00] 0eto £:0.

178 79 | 69 | 45.8 | 192.6 99.7| 1.15

154 85 | 60.2| 56.8 | 108.8 | 94.4| 1.10

161 52,6 | 61.8| 50.3 | 111.5 1 89.2] 1.26

165 58 62 | 53.8 | 115 1202.5[ 1.10

136 | 62 55.56| 86.4 | 128 [108.4] 1.158

101 | 45 87.5| 26.8 | 114 |110.7| 1.08

8s 87,6 | 82 | 21.7 | 85.5| 83.5] 1.08 ]
2005 | b51.2 | 88 | 290 90 82.5] 1.095 |

Note: Os8e - oleio aoid, f-0. - fuel oil.



Results of the desorption of oleic acid and fuel oll as a

TABIE 1.18

function of the normality of the agueocus solution at a
1:2 iso-octane/solids ratic.

Normelity; Initial resgents|Reagents found] % recovery |Ratio
N Oo@o FaOo| Oofle £o®s | ©GeBo, £e00
Bgo ngo | mfe nge
0.58 158 88.5 |409 83.5 82 o5 ¢.88
1.07 157.5 | 92.5 {224 | 885,7 | 90.2] 94.5 { 0.985 |
8 1.06 144 26 151.5 | 78.5 1.5 82 : 1.116
.80 .28 85 184.5 |76 97 89,5 ; 1.08
2.08 156 80 .57 82 104,51 21 | 1.238
3.24 129 86,6 [158.5 | 77.5 |102:.5| 82.51 1.145
2048 165 105 248 &7 05,5 8405 3048
2.87 107.6 74.8 {130 688,68 {|102;65] 96 1.07
5.25 124 85 420,56 {72.6 97,21 87.,6] 1.145

Note: 6.2. - oleic aclid, f.0. ~ fuol oil, ratic - of

the % recoveries of oleic acid and fuel oil.
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‘these errors was oonai.dered in the follwing teatso _ |

In the thira series of testa 'bhe reagenta were desorbed at
uoooctane/uolids ratioa varying over the range 1:10 to 1:1. In aome
of theae teats fuel 011 only was added t_o the ilmenite in order to
elininats suy poasible effeo£ bf oleic aéide The othér parameters
were: 50g 11menite9 255 water, 1»86—&513/1:3 oleic acid, i.%&.&?
&/kg fuel oil, and. 2.5N H so oenoentra.tion.

The reaults are presexrbed in £ig. 1.15 end the related data
in teble 1.10 for fusl ol contonts and in table 2.23 for oleic acid
contentbo | - | | |

~ The reaults presented in table 1.19 show that the complete
axtra.otion of fuel oll into the 1ao=-uotsne was poas:i.ble when the fuel
oil conoentration in the isowoctane extraut did not exceed 25/1
Thig was the case .tn the absence as wel.l as in the presenoe of oleio
 gold. At ooncentrationa 443/1 in tha iso-ootane extraot only 90%
of the fuel oil was reoovered., and at oonocntra‘biona of fuel oil
£.8g/1 1eas then 90% was extraoted. These results explain the low
fuel oil recovories ohamed in the preoeding two series of testag
ainoe thg fnel o:!.l conoentration was close to 45/1 in the respectzve
iso=-ootans extraotae

An attempt was made in thi.s series of tests to oonneot the
excesaive oleic acid reooverieq observed in the preoading series,
wlth the potentiometric titrationa This was aooompliahed by condue-
ting the poten‘biometrio ts.tra’cion in the followins manner. the
alkaline layers wers first tﬂ.tra'bed as desoribed ( 1.4.2. ) with
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TASLE 1.9

Results of the desorption of fusl oil from simulated flotation

concentrates as a funotion of the iso»ootane/solids rb,tio at 2.5N.

-

Test |Iso-cotane| Initiel |Max. f.0. [Fuel oil % recovery | Initial
No. |{/solids fuel oil|concentre~|found,mgo | of £.0. | Oodo |
ratio mg. |tion,g/1 ngo
i 4
1 4:10 79 l 5,95 73, 90 0.0
a3 8:30 7 80 i 2.0 80 .100 0.0
8 4:10 - 170.5 8.5 148 87 0.0
4 8:10 178.5 £.55 185 89,5 0.0
5 10:10 6605 1.85 | .65 100 9.5
8 8:10 75,8 1.89 72 £9.5 1238.2
7 6:10 62 2.07 60 99 95
8 4:30 86,5 5.37 60.5 92.5 98,6
9 §:10 83.6 5.68 79 84,5 125.6
10 2:10 66 8.6 68.6 96 89.0
b X 1.6:10 69 9.2 61.5 8o 105.5
1% 1:30 74 14.8 ésos 86

111.0

Note : f.0. = fuel oil, o.&s ~ Olelc acid.
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HC1 solution until pH 3.8 was resched, and the resulting acidified
golutions were agitated strongly and were then back titrated with
aqueous NaOH. The end-point results of the titrations and back
titrat:\.oﬁs are prosented in table 1.20 snd the potentiometric titra-
tion eurves in one test are presented in #ig. 1.18.

Figo 1.16 shows that the ocurves corresponding to the
titration and back titration do not coincide. The alkaline solution
was retitrated with HCL solution end the resulting potentiouetric
titration curve coinoides with the baok titration potentiometric
ourve. This indicated that the impurity causing the erroneous
deternmination haes disappenred.

The results presented in table 1.20 show that the

difference bstween the end-points in the case of the titration with
HCl and the back titration with NaOH wes equivalent to the errors
obtained in the olelo acld determinations. The unocrrected as well
as the corrected values for the oleic acld recoveries were presented
in table 1.21. When using the 6orreotea values the recoveries of
oleic acid and fuel oil wers found equal, and the respective ratio
between these recoverles was close to 1. These results also show
that the difference between the end-point results diminished with
decreasing iso-ootane/solids ratios, which explains the low ratios
between the olelc acid and fuel oil recoveriss observed in the
preceding serdies of tests at the low l8o-ootane/solids ratio of L:4.

In order to establish the nature of the impurity the

following tests were performed:



TA’i}LE 1,20

Znd-point results of the potentiomstric titrations with HCL of saponi-
floation mediuns after extraction of oleio sold from iso—octéne extracts
ax;d end point results of the _potantioy:etrio baock titration with NeOH

of ;Ehe same solutions after agitation ot pH 8.8 for removal of impuritys

2wty s B R R R R I T L S TRt TP e

Titration w;‘ith HC1 o 1 Baok ‘bitmtion with NaOH
Test | N/10 NeOH| N/20 NeOH |N/10 OQ 0c80 /30 oleator ivl/ioﬂ all.ea.izl OaBio
Noo | total;ml.| excess,ml.| ml. found, 10 carbonate mle r ngo
| mgo N
5 5.05 5.15 0.25 47
6 | 6.0 2.50 . 028 66 2.07 1,82 52
? 506 2.89 0.25 89 |
8 | 5.05 1.68 0.25 90 2.95 2,70 9702
9 , 5.05 1.82 . 0.25 8 - 2,98 | 2,71 7705
10 |  5.06 5,48 0.25 38 1.41 | .16 85
11 | - 5.06 2,80 0,25 85 2.84 2,00 | ' 9.7
18 5.05 2.82 | 0.3 5645 2,22 | 1.97 | 56.4
Same af'ter preliminary cutgassing of
the iso-ootane estracts by vacuunm
2 5.05 | 4.8 i 0025 0 0,25 0 0
6] 505 | 48 0.25 o | oz ] o 0
5 | 5.05 8.7 0,25 81 1.85 1.4 81
6 1 B.05 | 8.08 0.2 | 84 | 2.5 | 1.7 | s

Note: oleic acld = o.mo
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TASBLE .21, -85 o

Results of the desorption of olelc acid from simulated flotation

soncentrates in the presence of fuel oil ( before and after H,8

| elimnation )
Test | Initisl Olé:!.c acid‘ {ﬁ recovery T% reocovery ratios| Iso-octene
0. OoBo Pound,mg. 'Y 0cae £.0 | correc uncer- | /molids

nge GOrTes | UNGOT. borrefuncor. ted | reoted { ratio

5 995 | 117.6|  [118.5 100 2.285 | 10:10

6 | 125.2 |10¢ | 183 |97 |116.5 | 99.5/0.98 | 2.17 8:40

7 95 | 20 122 |99 1048 6:10 |
8 | 9.5 | B1.2] 95 |ez !96 |92 [0.89] 1.04 4:10 |
9 | 1255 | 115.5) 197 |96 [100.5{04 |0.99 1.085 540
10 | 99 88 | 101 |89 [101.5]98 [0.92] 1.08 210
11 | 108.5 | 89.5| 94.5)85 |91 |89 [0.97] 1.08 1.5:10 ;
12 | 111 97.5] 94.5/88 |85 |88 |1.02] 0.99 1:40

Note: oo = oleic acid, f.0. « fuel oil, corr. - corrected

The isc-octane extracts from tests No. 2, 4, 5, and 6
( see table %.19 ) were sempled and veouum was applied to these
solutions, befors saponifioation. Bubble formation was observed on the
contalner walls, which ceased after several ninutes if a light vacuun
bnly was applied, When a high vaouun was applied to the iso-occtane or
to the iso~cotans extracts they immeddately boiled at room temperatureo
The ocutgassed isc-ootane extracts wers saponified and

the sthanol-water solutions were titrated with HC1 and then back
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titrated yith NaOH solution. The end-point results of the titrations
~and back titrations are prosented last in table 1:;20. In these tests
no praotioa.l dii'f;areﬁce was .obaervaa between the reapectivé end-point
resulta,, indicating that the impurity had been eliminated by the
vacuun a.pplied. before saponifioationo
The excessive olele aoid .reooveri.es oan now be explainea

by assumins that Has was evolved by the action of the Haso on the
sulfide traces in the 11meniton A f‘aint H S smell acoompan:l.ed all
iso~ootane extraots whilo still in oontaot with the acidified pulpe
The H_S was d:l.nolvad in the iao-oata.m phase at normal presauro but

.
it oould be eliminated by applying a vacuumo If the H 8 wes not

p
eliminated in this ma.nner, it was extracted by the alkaline BAPO=
pification medium, and it registered as a weak aold together with the
olelo acid and the COj  when this so}ution was titrated with HOL.
A e'bgons agitation g‘b pH 3.8 4in the presence of sir bubbles expalled
the 1,5 fron the aciaified seponification mediun and. the H.$ did
not report when back titrating with NaOH solution or when retitra-
ting with HC1l aolutido |
It was conoluded that the analysis of iso-ootane extraots

for oleio aoid must include baok titraﬁon with NaOH solution in
order to eMte errors due to HQ_S.» Yacuum outgassing of the imo-
octane exﬁmcta before the saponificstion was oonaiaerea unreliable
‘beoguse of possible changea in the iso-aootane volumeo

Sinqe the oleic acid content of the lso-ootane extracts

could be determined by the back titration only, it was possible to add



at once the amount of HC1l solutlon necessery for lowering the pH %o
8.5 before the back titration was performed. This was an advantage as
it reduced the time during which the ssponification medium was
exposed to air, thus minimising the G0, absorption { 2.5.5. ). This
procedure was adopted in all following desorption tests.

3.7, DESORPTION OF TALL OIL AND FUEL OIL FROM ILMENTTS.

10720, Effects of the H,80, conoentration and ths iso-ootane/solids

The method developed for quentitatiire desorption of oleic
acid and fuel oil from "simulated fiotation concentrates® had been
applied in some preliminary experiments to industrial flotetion
circuit producte containing tall oil and fuel oil { for details see
Appendix seotion 1.1%.%. ). It was esteblished in these tests that
the Qdesorption medium must be modified by eddition of ethanole

The modified method was applied to the desorption of tall
oll and fuel oll from "simulated flotation oconcentrates" in order to
investigate the offects of the following factors: the. iso-octane/
solids ratio, the H,S0, . concentration, the ethanol/water ratio, tﬁe
reagent oconcentration, end the tall oil/fuel oil ratio.

The parameters in the first series of tests were: 20g
ilmenite, 10g water, 1.8-3.4g/kg tall oil, 1.2-1.68/kg fuel oil,
1:2 ethanol/water ratlo, 0.5-5.0N H,S0, concentration, ani iso-octans/



sollds ratios of 1.1: 2 and :L.J. de
Tha resulte preseuted in ta.ola 1.22 ahow that tha desorpe
tian of tall oil and fnel oil from "simula'i:ed flotation conoentrates"
was not quantﬁ.te,tive at an :i.ao=ootam/aolids ratio 2:2 ( vol /wl:u )
at 0.5=8.0H H bO canoen‘bmtion in con'craat to the case of oleic ascid
and fuel il ( ses Boction L.6.5 Yo The iso-octane/solids ratio of
1:3 was the mininum msessary for quantitative desorption of the

'éall 0il and the fuel oll. The nscessary H,50, conosntration was iN
and concentrations up to SN had no detrimental ef‘fec’c ‘on the desorp-
tion.

| Exsmination of the potentiometric end-point results show

' tha:t the H .5 'qoncantmtion in the ise-ootane extz'aots was nearly

9"
constant. It was theref‘ore necessary to elimins.te the I‘IQS in thia ocase
t00 by the method employad in the cage of oleic aoid and fual oil
( soe section 1:6080 )o

4 second series of tests was Oarriea out, the parameters
beings 205 ilmem.tep 10g water, m,uea2°4g/kg tall eil, 10101o63/kg
fuel oﬁ.l,, 1:1.6 ethanol/watar re,mo, o.,ooi.zm 04 oonoentra.tionp
and iso»ootane/solida ratioa of Oo 625¢1. and. 1a25.lo |

The results presente&. in table 1.25 oonﬂrm the earlier
oonolusion that iso«ootane/aolids ratios < 1:1 do not reaul‘ﬂs i.n &
complete desorption of the reagentao At an isceoc‘ca.ne/aolids mt:.‘.o |
af 1.25:1 the H280 4 coneentration of 0 5N was su.i’f'ici.ent Zor que,ntit&m
tive deﬂcrpuion of boi;h ‘é;hc ‘i:all 0:3.1 and. the fu@l oi.lo Sing@ the

qu&ntl%y of @,cié}. oonsumed by erude ilmemw exceed@d 'hh@:h @onaumed. by

pure ilmepite, H 5 30 . concentrations in the range 3-5N Bhould. be applied



TABLE 1..22

=] 8’? '

Results of the descrption of tall oll and fuel oil from simulated

flotation concontrates as o function of the HQE»O‘gz concentbration.

. Worme- Inltial rosgents !Reag@nts found | Error H S Iac-og-
Mty | o0s £o0. [6o0s £.00 [te00 | fo0s 2" lone/so-
N Bge o : BEo ngo % % Imeq .}i&ac
NCRR S a
0.5 | 55.8 | 258 | 52,0 | 81 | ~10.5 b11.7 0,05 | 102
100 %<53a1 96,5 ! 51,8 | 2.4 | =16.5 L15.0 10,05 | 1.2:2
1.6 | 47.8 5208 | 57.8 | 26.8 | 22,0 [-16.8 {0.04] 1.1:2
2.0 i 87.0 20,8 | 55.8 | 22,0 i - 5.8 1-10.9 10,05} 20222
2.6 | 59u5 26:5 | BBcQ | 260 | <1602 |~ 8.5 10.04! 5..3:3
50 { 58:8 | 25.8 | 52,7 | 22,3 | ~16.21-25.7 l0.0e! ne1:2
0.5 | 58.% 25:5 | 8408 | 24.0 ! - 8.64 <B.5 | 0,057 2.2:1
1.0 | 89.7 6.5 | 59.0 | 25.6 ! = 2.7|< 5.0 1 0.08] 2.111
105 | 57.8 2503, | 5508 | 24of | = 4.8)= 2.5 |0.05] f.t:f
2.0 | 4.8 29:5 | 45,5 | 28,9 | =.2.0{« 2.0 | 0,05¢ 1.1:2
2.5 | §7.4 2.8 | 88,2 | 264 | & 2.1|- 2.6)0.08} z.1:2
5.0 | 58.0 2505 | 40,0 25.2 ! + 5.8 © 10,08 1,4:1

Hote: tedo - tall oil, £.0. = fuel oil.
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TABLE 1.28

Results of the desorption of tall oil and fuel oil from simyleted

flotation concentrates as a funotion of the HQSOQ concentration.

Reagents found Brror % |Isc-cotane/

Nman‘ Initial reagents

lity te0o g .00 | to0. mg . o0 'ho@o‘ f.0.| solids
0.0 16:6 | 111 | 8.5 | 14.8 «49.5§=;-10.s 0.625:4
0.25 18.4 2.5 |19:3 | 12.0 |+ 5.8 ;- 9.8 | 0,6235:1
0.5 20.5 | 185 22,0 | 3404 |+'0utls 6.6 | 0c6a5i1
0,65 17.8 12.8 |16.5 | 10,0 |=12.9 |-15.5 | 0.625:1
0.85 17,7 11.8 {38.4 | 9.8 |-26 |19 |0.626:3
1.05 17.5 13,7 |16.7 | 2107 |- 4.5 |s 5.6 | 0.625:4
.24 17.8 118 (145 | 9.6 |<19.8|-18 | 0.625:1
0.0 20.6 15.8 | 7.6 | 15.0 {=65 |- 5.5 | dwdb:d
0.26 2101 1401 |22.6 12,7 |+ 7.6 | 9.8 | "1.25:2
0.5 22.7 6.1 255 | 17.0 |+ 8.5 2.6 | 1.25:2
0.65 25,6 15,7 |28.8 18.4 |+ 0.9 1 1.2 | 1.25:1
0.86 91,7 14.4 {2248 18.6 ¢ 2.8 |+ 1.8 | 2.25:1
1.08 20.8 5.9  [30.2 15:0 |- 2.6 |+ 8.2 | 1.28:1
1.24 16.6 11,1 |15.8 11.2 | 4.8 | 0.8 | 1.25:1

Note: t.0. = tall oil, f.0. = fuel oil
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in the desorption of tall oil and fuel oll from actual flotation

productst.

WO vt Moah Mmke S s Gy

In the followlng tests the retio ethanol/water in the strip-
ping solution was varied from O to 1:2 while keeping the total volume
of thissolution at & constent velue. The other parameters were : 20g
ilmenite, 15ml stripping solution, 1.7-3.0g/kg tall oil, 1.16-1.54g/kg
fuel oil, 2.8N 32804 concentration, and 1.25:1 iso-ootane/sclids |
ratio. The results are presented in table 1.24 ( first 6 tests ).

The results of thease tests show that an ethanol/water
ratio of 1:2 is & minimal requirement for quantitative desorption
of tall oil and fuel oil from "simulated flotation concentrates”.

The corresponding ethanol/eolids ratio was 2:4 ( vol./wt. ).

B Aan ey MR oveny ki et S Pel et vl waim N e TR Seul D feul PP et v e G e A

Various resgent consentrations could be expeoted in flota-
tion products. The desorption procedure was therefore examined at
-different reagont conoentrations, employing optimal values for the
other peoransters: 20g ilmenite, 15ml stripping solution, 1:2 ethancl/
woter ratio, 35N H,S0, concentration, and 1.25:1 iso-octans/solids
ratioc.

The results presented in table 1.24 ( lest 8 tests ) show

that the reagent desorption was quantitative over the entire range
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TABLE 1.24

Resulta of the desorption of tall oil and fuel oil from simulated
flotation concentrates es a function of the ethanol/water ratio

( first 6 tests ) and of the reagent concentration ( last 8 tests ).

Water | Ithanol| Initiel reagents | Reagents found | drror %
nl. nl. $.0: mMBo £oOc | £:00 m?o Po0o | Le0o 's .60
| . .
15 0 | 560 23.7 smsé 21.2 =%1§cs@
14 1 85.5 25.5 | 35.6 izmo — 4T | = 6ul
15 2 40.2 6.8 | 57.0 % 35:8 | = 7.8 § =132
12 8 57,4 84.8 | 52.6 % 0.8 | ~12.8 E 1801
11, 4 86,5 24,4 5&6% 24,0 | - 8.0 ' - 4.6
10 5 | 86.8 24.6 | B8.2 i 240 | + 5.8  ~ 2.5
! } .
10 5 4.5 2.9 | 4.8 | 5.8 | +7 . +6.2
10 b 8.6 5.7 | 826 | 8.5 | - 5.3 % - Bod
10 5 18,0 8.6 i 14.0 8.6 | +77 = 0 1
10 & 17.5 107 | 48.7 | 125 | 4 6.9 | = 207 ;
10 5 220 14.6 | 2408 | 354 | 410.0 | = 9
20 5 3646 1708 | 27,9 | 17.4 | +4.9 | -2
10 5 5105 21,0 | 52,6 | 2008 | + 8.5 | 1.7
10 5 5805 8509 | 5602 | 808 | + 8508 | - 0ub

Note: t.0. = tall oil, f.0. = fuel olil.
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of concentrations examined - 0.216-2.87g/kg tall oil and 0.145-1.8g/kg
fuel oil.

1;1»;450_19_,1:?93&3"@ e tall oil/fusl oil ratio_on the desor _ptiona

Sinoe different tall oﬂ.l/fual oil ratlos were expeoocted on
ilmenite ﬂotation producta it was necessary to 1nveat§.gate the effect
of this ra.t:v.o on the desorpticuo The parameters in the f‘ollowing
tesrb:s were: 203 ilmenite, 1i5ml atripping aolution,, 1:1.6 ethanol/watar
ratio, 2.5N H£S°4 conoentration, 1.25:1 isowctm/aolida retio,
000-4. szg/ks £all oil and 4.14«-0 Og/kg fusl oilo The total reagem;
concentration was kept constant while the ratio ta.ll oil/fuel oil
was varied. ‘ - B

The results gre pmaented in taole 1.25. G.'he results for the
tall oil dotarmin&tion show tha.t it was not a.ffeu%eﬁ by the ohanging
tell oil/fuel oil ra'bio. The results for the fuel oil determination,
whloh were corrected by aubtra.utins a value proportionsl to the tall
0il concentra‘hion, show that errors were obtained at low tall oil/fuel
oil z'atioss The arror was aﬁtributable %o the fuel oil conomntra’cion
in the iso-octane extract which ezoeedea i.n theae casas the 1i.m1t‘bin.g

V’alu@ Of 28/1 ( 106 50 )
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TABLS 3..25

Results of the desorption of tall oll and fuel oll from simulated

flotation concentrates as a function of the tall ¢il/fuel oil ratio.

Tall oil/ | Initisl reagents [Reagents found Brror %
fusl oil total t.0s | £o.0q4 to0o fo00; Y28 f.00
ratio ng. | mge ; ngs  mge ngs | E

{ \
0,01 82.8 | 0.0 [83.8| 0.0 7.2 | - 7.25
1:0:15.8 7401 | 4od %69.7 5.65 | 6506 $2:8 | < 575
1.0¢ 7.3 706 [ 8.6 }s 9| 9.85 | 558 | 8.2 10,8
1.0: 8.8 81.8 317.1 isqms 16.0 58,2 | =6od | = 9.65
1,0: 8.6 | 1.9 {2601 ;65,.8 26.4 58 slei | =118
1.0: 2.0 68.5 122.7 14506 | 2405 42.8 47.0 1 = 8,15
1.0:.4.0 8005 15502 5546:& 57.1 5405 5.4 |+ 0.9
1.5: 1.0 64,6 |58.8 125.8 | 50.8 26.2 328 | 4 1o5
S8z 1.0 71,7 |55.1 126,68 | 555 17.0 | <& + 248
.41 1.0 65.0 154.5 | 8.5 | 54.4 9.0 0.2 | + 6.5
8.75 1.0 85.5 {7403 |1301 | 7402 10.5 0 - 5.5

: 0,0 868.4 |86.4 | 0.0 | B5.5 0.0 100

Note: t.0. -« tall oil, £:0. - fuel oil
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1.8. DESORPTION OF TALL OIL AND FUBL OIL FROM PLOTASNION PRODUGCTS.
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Ha.vins ahown :l.n aeotion I.o‘?o tha.t tall oil and fuel oan be
desorbed frém “aimxlated f'lotation concen‘bratea” it is necessary to
show that ‘the method 'ogn be applied to properly conditioned flotation
p:foduc‘!';a's,' and thi$ was fivet examined in the case of Plotation feedss
The material used for prepering feeds was a orude ilmenite deseribed

in section 2.2.1. The conditioning procedure ‘wAé.‘s' that normally
applied in Flotation tests and 18 desoribed in secticn 2.2.3.

In the first series 'of tests the eﬁtiré contents of the
conditioning tank wers transferred into suiteble ground-glass stoppered
flasks end the ‘necessary proportions of H, 30 4 ethanol, and iso-
ootane wére added acocrding to the optimal parametere established
in ‘1.7.2. The flasks were vigorously shsken for seversl minutes, left
to-stand, and samples were then withdrewn from. the liquids for ‘
phase. sepa.r-ation by oentrifusa.tiono The :!.acooota.ne extraots were ’chen
anslysed for ta,ll oil and fuel oil.

In 'chis aeries of' teata 150ng ilmexﬁ.te smnplea were con&iwv

tioned at ‘70% aol:ldn with various quantities of tall oil and fuel oi)
at 1200 ropom. and for a sufficiently long duration ( 80min. ) %o
aaoertain adqum.te adsorptiop of the reagents on the n;ineral s_urfaceo ‘
in sach oase four Samples of ths iso‘»oct;ne extracts were ‘saponiflied.
individually in order to assess the reproducibility. The results for
the tall oil assays are presented in teble 1. 26 and thosse for the
fuel oil essays in table 1.37.



TAZLE 1.26 TABLE 1,27

Results of the desorption of tall Regults of the desorption of
oil from properly conditioned feeds fuel oil from properly
gonditioned feads

Tell oil, mge | Error| Fuel oil, mg | | Puel oil, mg. [Brror B
Initial found | % [initial found initial found | %
179.0 51'7000 | <BoO | 0.0 | 20 108.8 {100 |- 8.0
179.0 11740 | <2.8 | 0.0 | 20 108.6 |101.6 |- 6.5
179.0 :1174,0 -2.8 | 0.0 | 19.8 108,68 |10106 | G5
179.0, [178.0 | <05 | 0.0 | 10.8 308.6 |101.6|= 6.5
53.5 i 509 | 8.0 ! 0.0 | 9867 | A4-5°9_ 46.6 [+ 1.5
526 | 56,5 | 458 | 0.0 | 9.6 | | 5.9 | 46.0]+ 0.2
52:5 : 526 | 40.2 | 0.0 | 8.6 5.9 | 46,41+ 1.1
52.5 50.9 | =8.0 | 0.0 | 9.6 | | 48.9 | 4604+ 101
9206 | 9208 | <Bed | 0.0 | 7.5 91.9 | 25.0!41401
22.5 | 28.6 | +4.9 | 0.0 | 7.2 23.9 | 24.6|412.5
22,6 | 91.8 | =B.1 | .0.0 | 7.7 21.9 | 24.5!411.9
22,5 | 25:6 | 449 | 0.0 | 7.4 | .| 21.9 | 22.8]15.3




The results in table 1.26 show that a considersble smoumt
of the tell oil impurity wes left in the iso-octane extract after the
'éap'on:’a..ficafion when fuel oll was e;béente The fﬁel oil soncentration
cmqapowng éo the oﬁtical density of this ;Linpurity wae eguivelent
to 8% by wt. of \;:he tall oil concentration. |
. The reaults in ta.ble 1.27 inaioata the presence of an impurity

&u@ to the ilmenite,, which con‘bribu*bed 'ho the opt:lcal densi‘ky of the
{so-ogtane extmo'ba This oon‘bri’oution was equivalent o 0.02g/ke
fuel oil and mus‘b tharefqre be tal;en :'L,n.to' acoount when the fuel oil
coﬁcentmi;ion on the roci: speoimen is iqwo .

. The results in béth tabiea show that the entire amount of
roagonts ,we,..fa dasorped from the conditioned ssmples and thé.t the . |

asoeying reproducibility was satisfactory inf_‘khe ocage of both re_ea.gentso

1 8o esorgtio_z; of the reaﬁen-bs from filtered mn_g ied oonditionsd

e -

@dsz

oy hwe

h

V‘“a't sa.mpling of the pulp of oondif;ioned or Floated material
aime& m; desorpi;ion of‘ the reagants by the prooedure adopted in 10801 o
for slurries was oona:ldered impmoticalo It was therefors negessary
to ﬁetermine whether ﬁltx:ation of tho pulps and drying of the filter
caltg were perm;aaibla‘ for the purpose of the reagent assays.

- A 5005 orude ilmerrlte sauple was oonditione& a'b 70% solids
mﬁh 8541115 'ball oil and. 222mg fuel o:‘;l. Aftar conditioning for 50 min.
a't; 1500 Fepeme the pulp was filtered. The filter oeke containing 8% -



moisture was blended by shaking for 1 minute in a hemispherical bowl, so
as to proﬁuce 8 continmious mixing of the moist material without any
pelletising. This simple prooedurs was found satisfaoctory from the view
point of sample reproducibility.

Six samples were withdramn and the reegents were desorbed and
deternmined by the methods developed. The results ere presented in table
1.28. The filtered sample was left to dry in air until of constant weight
and six further samples were analysed for tell oil and fuel oll. These
results are also presented in table 1.28 ( last 6 tests ).

The results obtained show that filtration of the pulp was psrmis-
gible before assaying for reagont content, bdbut drying of the filter cake
at roon temperature was detrimentsl. The feproduoibility of the sauples
was satisfactory in both ocasss.

In an attempt to oheok the analytical method of Runollina et a1 ‘%)
spnples of the air dried materisl were extrascted seversl times with ether,
the ether extraots were collapted, and efter contrifugsation the clear
solution was titrated potentiometrically with NaOH solution. No organic
acid waps deteoted in the extracts by this method.

In order to establish a proper sampling prooedure the following
test was porformed. A 5002 crude iluenite sample was cornditioned with
878ng tall oil and 252ug fuel oil. After 30 minutea’ conditioning the

pulp was filtered and the filter cake was blended by the above mentioned
procedure. The sampling procedurs adopted comprided: collection of asmall
amounts of material from various perts of the bulk, close packing inte

30ml cylindrical containers, and covering with tight lids. These oontai-
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Results of the desorption of tall oil and fuel oil from conditioned

pulps after filtration and after drying in ailr at room temperature.

Sample Initial reagents [Reagents found Error in %
welght,mg | tall oil |fuel oil [tall o0il {fuel oilH tall fuel

g ng ng ng oil oil

18.8 1.3 7od 10.8 75 | =27 | =d.4
16,56 11,05 | 7.85 10.8 7685 | =22 | «0.7
16,85 10.86 | 7.25 11.4 8,95 | «B.0 | =fol.
15.85 2006 | 7,05 | 10,0 | 675 |<5.7 | ~4.25
15.68 10:.45 | 6.9 10.8 8,55 | 48.5 | 5.7
16.2 10.8 7.2 10.8 6o35 | 0.0 | ~4.9

Air dried samples

17.5 11.7 7.8 8.85 5.05 [-26.0 | =38.0
16.4 10.95 | 7.5 9.15 469  [-2R.0 | =830
18.5 12.2 8,15 0.5 5.75 [=14.0 | =29.5
18.6 12.4 8.27 10.5 5.8 [-15.4 |<50.0
18.4 125 8.3 10.5 5.85 [-1407 | -28.7
16.3 10.9 7.25 8.65 5,875 |~20.8 | ~27.4
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nere had the douBlo purposle' of éscertaiﬁius a atm;zdai'a.l §$iumé of 'bhe
sample a.nd of enabling storage 1n 'bhe mi.at state. The sa.mples were
di.reotly transferred. :i.nto 50m1 centrifuge test 'hubea &n& the necessary
anounts of ethanol, HaSO ° aml :l.ao«-oote.ne wers added to permit
immsdia.te deaorption. 'J!he tast tubea ware closed tightly with
polythene lida 80 that there was no contamination of the iso-ootane ~
and no 1oases by evapora.tiona The moisture oontent of the aa.mples was
cal:‘.bratea by mans oi‘ pamllel samples, collectea. i.n the same manner,
and dried wﬂ.thin the oontai.nern to constant weight. |

Such amplea ware oolleoted immediately after fil‘bratian,,
| after 90 minutea° atanding in the bowl,, after 90 minutes’ drying on
'ehe table,, after 270 miautea drying on the ta.bla, and after 16 uﬂ.nutes
arying at 3.05 Ca The oorralation batwaen the mhistura content of the
sample and the tall oil and. fuel oil ooncent:ration aetermined wa.s
'prasented in table 1. 29 | - '

The results show 'bhat e small amount of t811 oil and fuel oll
was not aooounted for :l.n the mples ta,k:en imnediataly afver the
| ﬁltra.tiono mhe oauue for this apparen'b 1oss 15 found at a later stage
of this study ( see secticn 2.5.2. )oTable 1.39 shows that the tall
oil eon‘tent of the smnple 'bha.'a oan be determined by ’che aenorption |
methoa reducad once the maisture oon’cent approaches nilo The fuel
oil oontant demased 1n proportton to the decresse in the moisture
oon‘aent Dry:l.ns at :!.05 c oausa& very high losees of fuel oﬂo

| Separata exparimants have shown that the ‘evaporation of

fuel 0:1.1 results :Ln a proportional lowring of the 0ptica.l density, :



'TABLE 1049
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Moisture. and roagents contents of filtered samples, partially or

totally dried at rpom temperature

—_—

Yoisture | Reegent ‘comtent in % of initial |{Drylng | Remarks
; oontent,% | Tall oil Fuel oil duration
‘ hours
7.0 98088201 910081.8 0  In bowl
604 96095244 860140.8 @ o
2.2 87.7:0.7 65.242.5 5 Do table
0.0 64.0:2.0 50,740.7 6 |
L : S
0.0 550441.4 5655141 1/4 At 105°¢
PASLE 1050

Tell oil and fuel oil contents of flotation feed, concentrate, and

tailings

Feed Conpentrate Teilings
Pa1l odl;&/kg | 0.85240.017 2.25&0.000 00 24040, 024
Fusl oil,g/kg | 0.56020.008 1.62640,010 |  0.075&0.005

Reagent materidl bslance

Peed |{(Feed)® Concentrate | Tallings | Total

Tall oil,mg | 852 |{ 690 )* 588 185 664,

Fuel oil,ng | 550 |( 460 )* 582 42 424

(®) Reagents left in 890g feed which were anctually floatedo
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indicating that the light absorbing component evaporated at the sauwe

rete as the entire fuel oil quantity. These experiments suggest that

the deoreasing fuel oll contents as & funetion of the moipture content

were ocaussd by oveporation of the fuel oil. The aesorption'muﬂt
therefore be carried out immediately afber the filtration, and samplec
should bo stored either os & slurry or as molst solids sosked in ethanol

within the oentrifuge test tubes.

The possibility of obtaining a reagent paterial balance
vhen éaaa&ing flotation feed, concentrate, and teilings, was the final
rroof neccssary vbefore adopting the desorption and ssssying methods
in g detailed study of fatly acids and fusl oil adsorption on ilmenite
Flotation products.

A deslimed 990 orude ilwenite sample waé conditioned with
868ng tall oil and §75mg fuel o0il . Part of the pulp was filtered
end sexpled for detormination of the yeangent conbent of the feed.

The remeinder was floated at 505 solide to produce 255g concentrate
and 565z tedlinge, containing theoretiocally 690mg tell oil and 459mg
fuel oil. The concentrate and tailings were collected, filtered, blen-
ded and sampled. The resulbs of the assays are ﬁraaented in table
1.50. It was concluded from the reagent material balence that the
degorption of the resgents from both flotation concentrate and
tailings was complete, end that the amount of reagents foﬁnﬁ on these

two products was equal to the amocunt of reagents found on the condi-
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t:l.oned feed.

| Additiona.l teats show that the. Bane method can be applied
to determina tho raagant content of indus‘l'z‘ial flotation products
( soe Appqndi,x, seotion 10133, )e

1:9;, SIMMARY AND CONCLUSIONS.

The analyticsl method developed perriis secuvate deterni-
nation of the fg\t’c& acid and the fuelﬂ-oj.l sdsorbed on ilmenite flo-
flotation products. This method was cheracterised by the follawing
p'o‘ints:‘ | | | | |
Y Fattgr acia and fuel oil pdnorbed on luenite or ganges.

minarala can be desor‘ned by applying & strongly aoi.dio solution
containing 40% ethanol. and the desorbed reagsnts can be exirasted
by a hydrooarbop solvent suoh as iso-ootanm.. -

| b. In order to prevent; 1088 of reagents from the mineral

surfaoe by evaporation or 1nsolubilisation, the flotation proaducts.
must‘ be saupled in the moist _sjl;af:e and must be trested with the
ausorptian. mgd.i.um a8 soon .e.s~po'aaé.bleo | ' _

| 0 In order to prewnt contamination and evaperation of
the highly volatne aolvent a:l.l operations must ba ocarvied uvt an
olosed contaimra whioh ave aui.table for oen‘bﬁ.fuga&- S

Tl;g two raagentg in the iso-ootane extract car be separnted
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by seponifying with N/30 NaOH solutions in 0.6:1 ethanol/water; the
organic acids are extracted by the alkaline phase, which is separated
from the iso~octans phase by centrifugation.

&, The fuel oil ip determined by measwring the optical
denslty at 3234my in the lgu-ooteno solution; suitable correctlons for
the errm"s introduced by impurities from the solids and from the fatty
acids ere nocessary. | |

The fatty aoids are deternined by acidimetrio titration,
preferably using indicators ( see Appendiz, seotion 1.13.5 );
before the titration with NaOH the saponification medium must be
diluted with further ethanol and acidified with HC1 solution to
pH 5.5, when the 328 contamingtion, originating in the ors, can be
expelled by strong agitetion.

The experimenta performed have ensbled determination of
requirspents whioh must be rigorcuély waintained in order to prevent
oconsidergble errors. These requirements have been insorporated in the

actual procedure which is outlined in the following seotion.

2.30. BPECIFICATIONS POR DETERMIUATION OF PATTY ACID AiD FUSL OIL -

CONTENT OF TLMENITE FLOTATION PRODUCTS.

1101, Desorption of the reagents from the flotation produgtac

AR o NS e e — G S G SN Aeiugnd

Collect the sample as & slurry and if necessary store in
this form. Filter the sample and transfer the filter caks immediately



:mto hemiapherioal. bowla. Blend quiokly by abrupt jerks, taldns oare
that no polletiaing occurao

Spot aample the moist mater:!.al' and oolleot_ four samples
in 10ml nylindrical con‘cain;rs ( diam. = height = 1.6cm, to enable
quick removel of the moist meterial ) wi'bh close ﬁtting 1ids to
prevent evaporation. Dry two samples at :i.u5 C to oalibra.ta the
moiature oontent.

Tra.nsfar two aamplaa, as soon a8 posgible after filtration,
into 50m1 contr:i.fuse teat tubea. ”ho olose«paclmd moist oylindrical
sanple. a?l:ldea easily :!.nto the tast tubea, permitting quick tranafero
The volume ot‘ theae temt tubes is suffioient for the nquido required
in the deaorption operation, ’

Weigh the sample conto:lner when full and empty and compute
the dry weisht of the aample by oorreoting for the moiature oontent
detarmined on parallel Bamples.

Submerge the sample in 6-7ml ethsnol and remove air pockets
o pérmit p:roper soald.n,g for 15 minuteas The aamples oan be stored in
this wey for several days if the centrifuge test tubes are tightly
closed with the lids. | | o

Start ‘desorption by addius 8ul of 12N naéso4 and by'pipetting
25 nl iso-octane. Fit the tiéht 11ds and shake by hands for 3-5 min.
to perm:!.t extonsive mixing of the threo phases. Follaw by oantrifusins
for 8.8 nizmtes at 5000 YoPomo to permit gaod separation of the iso-
ootane extraoct from 'bhe other two phases, Pipette immedistely 20 ml
of the iso-octane extract into aimila.i- BOmi cén%rifuga test tuoe;
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and close the latter immsdiately with tight lids.

Before use clean the centrifuge tast tubes by rinsing
twice with ethanol and olean the pipettes by rinsiug with ethanol
and iao«ootaneo A very high degree of olesnliness is imperative.

1.10:2. Seperntion of the fabty acids from the fusl obl:
To the 20ml a.liquoth of iso-octane extract pipette quiokly
2ml ethanol and 4ml N/20 NaOH ( the volumes and conoentrations
should be inoreased in yroportion to the fatty acid ooncentration ),
and close immedistely. Shake by hand for 2-5 minutes until thoroughly
dispersed and centrifuge at 5000 r.pem.
The two layers may be left in contaoct with each other for
24 hours before assaying for reagent comtent, provided the test tubes

are tlghtly closed.

+10.5: Determi of_the fusl oil content in the saponified iso-

b Bt s Get Wk TAEE BAE Ghd e dnw - an MRS cely shas SEE cew

Pipette 2m1 of the iso-octans extraot into 1(&1 volunetric
flasks snd complete with iso-ootane to the mark; using a pipetttéo I
greater dilution is necessary redilute the solution obtained ', For
the sake of acduré.oy dilute to an expected optioal density below 1.0.
Inc-octane extracts from flotation tallings ravely need dilution.

Messure the optical density of the iso«ootan§ aolutibﬁa- at
the wavelength oorresponding to maximum optiocal density. Use Zmm fused
#ilica oslls because of the high optlosl density of fuel oil solutions.
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Rinse oarefuily' befqre eaoch meaaurement.witb tﬁe sauple solution, and.
kesp the external valls dry and the cells closed, because of the very
high volatility of fhe igo=octane. Use iso«oété.ne la.s the géf;eafenoa
liquid and change it frecﬁuenﬁv wﬁen n;easuring e long series of iso-
octane exiracts.

Calibrate beforeshand tha dependence of the opﬁioal density ‘
on the fuel oil onnaeutration at the wavelength corrssponding to max:\.-
mn ophiocal denoi.tyq | |

Correct fgr the errors due to impurities from 1t:.hen fétty
anids and the ore by meaauﬁng the opt:!.c;al density of iso-cotane extraocts
from Aore sanples conditioned at varicus oconceatrations of fatty acids
and fuel oil.

- e ewes Sein eme G Gute csut cmmd dmeg e mbte sy

Tranafer the alkaline layer, by means of & graduated pipetteg
into & beaker conteining 25 ml ethanol snd 5 ml /20 o0 ( inorease the
volume and aoncentration according to the alkaline content ).

Agitate ot maximum possible npeéd ( use magnetic s‘airxfei.
covered with perfectly inert msterial ) far several minutes until all
the H S haa oean expslledc caliorate tha exaot duration of the agltation
with g aolution originating f‘rom the partioular ore auud.iad.

Reduca the speed of rntation to prevent entrainmant of air
bubbles, add 8 drops tetrawiodo-vphenoloaulphona-phtha.lein, and titrate
with NaOH ( choose concentration aooordi.ns (1) fatty acid oonten’c ) until
colour change fron pale sreen to pale blue, on addition of one drop of
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NaOH solution.

Add 8 drops of di-phenol-purple solution ( blue changes
back to gresn ) amd continue titration until colour turns to violet,
and persists fér 1 minute. Determine the fatty asid content by
subtracting the volumes of NaOH required to reach the two end-points.

When using tall oil, calibrate its equivalent content of
orgenio acids by titrating solutions in the sawe ethancl-water medium
with the NaOH solution used, in the presence of the two indicators.
Titrete the ethanol-water medium in the absence of fatty acids in
 order to calibrate its 602 content.

Calibrate the error due to the particular ore by titrating
solutions obtained when applying the desorption and saponification
procedures to untreated ore samples. Check also for repraducibility
of the saponification method by treating iso-octane solutions of
known Patty acid and fuel oil content. |

Cheok for the reproduoclbility of the desorption method
by applying it to ore samples treated with known amounts of fatty
acids and fuel oil.

The same procedure oan be spplied to pure fa.fty aocids,
such as olelo acid, and to mixtures of fatty snd resin acids, such
a8 tall oile

Before using the above mentioned indicators it is imperative
to determine the ocoinecidence of the potentiometrie ourve infleotions
with the colour changes of the two indicators. The potentiometrie

titration must be carried out very slowly, as the response of the



glaéa electrode is slow in the ethanolu-ﬁe.ter mediume. Cheok fhia in
the case of a iaure fat:ﬁr acid; in the case of a mixture, and in the
case of fatty acids desorbed from ores samples. |

| Thé alaponifioation number of 0.04 meg. orgenic acid can

be detormined at an scourgcy of &10% when N/§0 NadH solution i3 used
in this method. '
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1,110 APPENDIX.

1o33.1. Desorption of the reagents from industrisl flotetion produsts,

The msthods deovelopsd for determination of tell oil and
fuel olil adsorbed on "simulated flotetion concentratea" were applied
for the determination of the reagents sdsorbed on industrial
flotation products, which may differ from the former in certain
respaots.

When desorption solutions lacking ethanol were applied to
such semples it was impossible to extract quantitatively the edsorbed
reagents, even at an HQBO 4 concentration of 12N. It was found in
addition when sampling the filtered products, stored in closed
contalners, at weekly intervels, that the reagent content deoreased
conslderably.

_ The optimal desorption oonditions established in 1.8.58.
were employsd in the case of the following & samplesé

A - the fead of the ilmenite flotation cirouit;

B - the tallings of the rougher flotation stage;

C - the combined tailings of the clesner flotation stages;

D - the oleaner flotation concentrate;

& = the final flotation concentrate after removel of

- part of the reagents at pH 1.

The results obtained by anslysing the iso-ootane extracts
obtained for the tall oil and fuel oil are presented in table 1.5%.
The reagent materisl balance is presented ay the end of this table.



Tell oil and fusl oil content of inductrial flotation products.

TABLE 3.83
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Sample- ~ {Weight%® Tall oil ‘Fuel oil
: : e/kg &/kg

A (Feed) 100 0.98 0.465

B (T&iliﬁgﬂ) 44.5 0016 6008

¢ (Tailings) 8.6 " 0.81 0049

D (Concentrate) 46.9- 1074, 0.87

E (Leached " 0085 0007

concentrate)

Ysterial bslance of resgents (%)

J A (Peed)p (Tailings)|C (Eailings)(D (Concentrate)|Total
Tell oil,g| 98 8.7 7.8 80 . | 94.5
Fuel oil,g 46.5. 8.5 4.2 40,7 48.4

desorption method and the analytical mathods established can be

-(®) The‘rgsulté were based on 2000kg feed.

eppliaed successfully to 1ndustrzal flotation produets.

It was deairable o adapt ﬁhese mathods %¢ the asaay

of the flotation raageno oontenﬁ of the floated pulp of the

The results preaented in thia table demonstrate that the

last stage of the in&ustrial flotation ecircuit. This was examined

next. :




= 310 -

_ The floated pulp of the last stage of the 'inc‘i.uatfial
_Tellnes ilnenite flotation circuit consisted of pyrites, some
ilmenite, and & great proportion of‘ reagents, floating on the
. surface of the gqcompanying aqueous phase. This slurry was ocbtained
| when the cleaner flotation concentrate - D ~ was leached and depressed
at pH 1 in order to produce thé final ilmenite concentrate ~ B.

Teats performad on guch a slurry bhave ahown that the
following proeedure was most auz.ta’ole for extraetion of the reagents
and for the determination of‘ their oonoantraticna

&o uollect the pulp direotly in the bottle in which the
extraction is to ve carried out;

b: extract the unadsofbed reagents. by treating four times
ﬁii;h fresh isc-octans at a i:l iso-ootane/eolids ratio in the
_prosence of 1:4 ethanol/solids, dpcént the extracts and combine
them; | | _ e . |

Ge diluté a small sample of the combined ‘extmot with
pure iso-ooctane and saponify acoording to the procedure described
in 1.10.2. and determine the reasgent content;

d-e f:llter the pulp., and analyse 'bha reagent content of
the filter ca.ke by the procedure outlined in 1°10°
_ .' Applieation of thia procedure to a sample from the
industrisl flotatdon oircult showed that 89g tall oll and 26z
fuel oll were piesen‘a in 1 1. slurry containing 550g solids.

Steps b and o aooouni:ed for 99% of the reagents while ’bhe solids
contained only 0.7g/kg tall oil and O.Q-Gg/kg fuel 0‘.\.10
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It was desivable to use N/50 NeOH solutions for the titra-
tion of ethanol-water solutions containing very small amounts of
organlc acids, in order to increase the accuraoy in the determination
of ﬁze reagont oontent in tailings. The procedure used in these
titrations was the same as that used with N/20 NaOH solutions. Both
oleic acld and tall oil containing solutions were examined. Tﬁe
regults are presented in tables 1,52 and 1.38 and some potentiometrioc
titration curves are presented in figures 1,17 and 1.18 respectively.

Comparison of the curves obtained in ﬁga 1.17 and £fig. 1.18
with the curves obtained in fig. 1.10 and £ig. 1.11 respectively,
shows that despite the lens steep infleotions the end-points were
olear enough for determination of the reagent content. The end-point
results show that the use of N/50 Na0H solutions ensbles acourates
determingtion of several miligrems of oleic acid or tall ol at an
error of #1%. Tests with organio acids extracted from ore samples
have indicated that such dilute titraunts were useful at orgenic
acid comtents below 0.1 meq. per sample ( i.¢. below 5ml N/50 NaOH ).

—— T A Aves Seis temr . GE UM BN PN Wy ews S

The potentiometric titration method used was found to be

very'slow when applied to tell oil desorbed from ilmenite because of
vory slow response of the electrodes to the pH changes in the
ethonol water medium. When ueing N/50 NaOH solutions ( 1.1%.2. )

the normsl duration of each titration was 20-80 minutes.

An attempt was made to shorten thie duration by using
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FIGURE 4.4%

werTt

POT:<NTIOMSTRIC TITRATION CURVES OF OLKIC ACID WITH N/50 NeOH
IN STHANOL-WATER 2.6:3 MSDIUM IN THE.PRESENCE OF INDICATORS

pH T T T T Y
10 -
strong violet ~— ™ T 7 T
violet for 1 minc - -~
8 -
6 N -y
- To?;raciodeaphenolm sulphon=phtha-
- - leino
4 r -
G 0 zg oleio acid
2 &b 8,7 mg oledo @cdd
Moo 97,85 ng oleic acid
] 1 { i ]

2 4 8 8 10

Volums NaOH { N/BO ), nl. -
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PIGURE 31.28

POTENTIOMETRIC TITRATION CURVSES OF TALL OIL WITH N/50 N:OH

IN ETHANOL-WATSR 1.6:% MEDIUM IN THE FREZSENCE OF INDICATORS.

pH T ¥ 7 i )

0 B o

strong vicXet™ g Di;h@nﬁmpu—::ple_ /

‘viclet -for- -miy - — - -
8 t |
6 v -
Ta;brawiod0upﬁsn01»wsulphon=phthaleﬁ,m
4 r -
Yoottt O mggo tRll oild
2 r -

bl 34,4 ng tall oil

Geii® 44.2 mg tall oil

1 } ) i 1

2 3 6 8 10

Volume NaOH ( N/50 ), mi. »



TABLE 1.52

Znd-point results of the potentio-
metric titration of olelo acid in
1.8:1 ethanol-water with N/50 NeOH.
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TABLE 1.58

Bnd-point results of the potentio-
metric titration of tall oil in
1.6:1 ethanol-water with N/60 NaOH.

Oleic |N/50 | N/50 |Oleate [Oleic| |Tall | N/GO N/50 Salt | Tall
acid NaOH 005 meq. lacid oil, | NaOH 005 meq. { oil,
nge ml mi. mgo ngo ml. nle mgo
4,65 | 2.2 | 0cd | 0.016] 4.6 2.0 | o4 | 004
8,7 1.9 0ot | 0,05 | 8.7 | 1404 | 2.4 | 0ot | 0,04 | 2445
12,5 205 Ood | 0,042]|12.4 | [28.0 | 4.25] 0.4 | 0.077] 27.9
17.0 805 0.4 | 0.058{1608 | 41.8 | 60% | 0.4 | 0oiid] 41.5
27,4 5.4 0.4 | 0.094]27.2 | {4403 | 8.5 | 0.4 | 0,132 44.3
¥rror = &1% Brror - 1%
TABLE 1.84 TABLE 1.85

£nd-point results of the acidimet.

End-point results of the acidinmet-

ric titration of oleic epoid in 1.6:1 rie titration of tall ¢il in 1.68:%

ethanol-water using indicators.

ethanol-water using indicators.

Oleic acid | N/50 NaOH | Oleic acid | [Pall oil, | N/50 NaOH | Tall oil
indtial,ng. nl. found,ng.¥ | Hnitial,mge ml. found,mg s
0.0 (0.5) 0.0 5485 0.8 5.8
4.9 0.865 4.95 14.8 2,05 14.86
10.4 1.8 10.5 2004 2.85 20.6
15.8 204 15.9 5402 4.76 5405
19.0 5.5 19.2 51.0 4.925 5007
24.,7 4.3 24.9 40.8 G386 | 40.9
irror - &1% Error - k15

e

- R G L u.r-grw D L et

{*) These values were calculate& using the equivalents of N/BO
Hals “*ir%A?Fre established by the pctentiometric titration.
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inﬂicatora instead of the glama-mlomal eleotrods aaﬂemhly. Of theo
nany 1ndﬂ.ca.1:ora wi'bh colour ohangea in the requireﬁ pH intervals
only two pms were found applioable' bromo»phanolablue ¥ oreeolared
and tetrawio&o«phenolaaulphoneaphthalein + diphenolupurpleo Iz both
cases the First end-point of the titration ( pH 4.6~5 5 ) wap indi-
cated by a colour change of the Pirst oomponent of each pair, and
the second end.«-poim‘. ( pH 8.6«9.4 ) by & colour change of the second
componento In both casers thc f‘irst oomponent did not interf.‘era with
the second componant bub the aeoond component could be added. only
after reaohing the first endwpoint gince it interf’ered w.lth the
&eterm‘i.nation of 't:he firat endwpointo

or the two ccmples the combinati.on tetra-iodoephenoln
aulphonewphthalein + d:!.pnenolc»pm'ple gave nore rem'oducibla x-eaults
with both oleic aoid and tall oil, and the great aocuraey obtainea
was demonstrated by the reaulta presented in tables 1.5& and 1\:550
'comparison of the errors in these tebles with the errorp in tables
1.52 @.nd 2.88 iéafpéotively shows that "b:hey are in the saue renge,
“mxt the dm-s.tﬁ.on of the titration was only 3-8 minuteu.,

The optimal titration prooe&ure uonsi.ated of':

8¢ titration of the solution in the prenence of 8 drops
ﬁetm-iodo«ph‘f;nolusulpﬁoneephthaléin until ﬁolonr ohangad. ﬁ:;'om
yellow-graen to ight blue ( see figures 117 and 1.18 ), and

bo' contimued titrstion after 8 drops diphencl-purple
were added ( 6oiom~ turned gﬁeén ) until 6010& changed from green
%0 blue and finglly to violet which persisted foi' oné minuteo
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Lodtede Conductinetric titration of fetty soids.
Conductimetric titration of wesk soids is often superior
to potentiometric titration. This possibility was exemined in the
case of the ethanol-water saponification medium containing oleic aocid
or tall oil. The oquipment used was a Pye Conduetanse bridge Cat. No.
11700 end a Mullard Condvotivity cell. The rangs used was 10“4'-=10Q5Mhoo
The standerd ethanol-water titration medium was acidifled
and small aliquots of N/20 la0H solution wers added and the conduoti-
vity was meaaui‘e& 50«§0 seconds after each eddition. The results of
some of these measurements in the absence or presence of fatty acids
were prosented in tebles 1.56 and 1.57. The actual oonduotivity values
are plotted as & funotion of the titrant volums in figures .19 and
1.20. . '
The resulting plots wers composed of three straight Iinoac
The lines corresponding to all weak ecids present had the same slope.
Attempts to correlate the fatty aclds contents with the differences
boetweon the .ﬁitrstion end-points were not successful, especlally in
the case of reagents which had been de#orbed fron ore samples. This
was attributed to the prasen& of varying conocentrations of metal
ions which affected the conduotivity.
| It was oonoluded from thess results that the conduotimetric
titration oould not be used for the determingtion of fatity aoids

adsorbed on ilmenite flotation productss



F IG URE 4.29 o 117 =

CONDUCTIMBTRIC TIITRATION OF GSAPONIFISD OLEIC ACID IN

ETHANOL-WATER  1.6:1 MsSDZUM ( WITH N/20 HCL ).

4 | T

Condun~

sivity, | -
1@Q$mh@ | 22 mg comn
4; 39 BE Qo
2.7 |~ 7:5 ng oo/ A"/

Oole = Gleic acid

' [} 1 ! t ¢
2 4 6 8

Volume HOL { N/20 ), mi: =



FIGURE i-20
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CONDUCTIUERRIC TITRATION OF SAPONIFIZD TALL OIL IN
ETHANOL-WATZR  1.634 MEDIDM { WETH N/20 RHOCR )o

Cendug= § 7 T T t

tivity,
1@:’%}1@ - 4502 mg 4.0
ﬁ . { 649 mg toDo
8,77 84.2 mg to0f e ‘

o

13.8 BRo oo
: %
251

==
o
]
i~
°

3.9

1.7

tooo = tall oil

1 1 § 1.

D 4 8 )
Velume HCL { N/20 ), mi. <



TABLI 1.56
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Epd-point results of the conductimetric titraticn of oleic

acid in 2.6:1 ethanol-water solution.:

Oleic acid | N/20 NaOH | N/20 cog“ N/20 ¢leate | Conversion
nge. total,nl - mle nego factor,
: mg/meq.
0.0 085 0.65 0.0226
7.5 304 0,65 0.0325 584
22,0 2.25 0.65 0.08 278
89,0 5,65 0.65 0.15 260
TABLE 387
Znd point results of the conductimetris titration of
tall oil in 1.6:1 ethanol-water solutiom.
— . !
Tall oil N/20 NaOH | N/20 €O, N/20 orga~- Conversion
ngo total,nl. - mio nic salt " factor,
mege ng. /neqe
11.8 1.45 0.65 0.025 472
54,2 2.5 0.66 0.09256 570
45,2 5.0 . 085 01175 568
64'09 E 4055 < 0065’" 00195 352
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PART II

2. CONDITIONING AND FLOTATION OF ILMENITE ORE.
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2.1, INTRODUCTION.

The conditioning of ilmenite ore at pulp densities of
about 70% solids consumes considersble amounts of energy. Several
authors have shown that the integral emergy oomsumption during

conditioning of metal oxides with fatty acids and neutral oils (2,28)

(24) wers factors which influenced the

oer the power consumption
flotatioﬁ results. In order to study the effeots of thase factors on
the flotation of ilmenite, it was necessary to design a test sssembly
for determining the nett power consumption in the conditioning
tank. It was also required that this test assembly should permit
gensitive and acourate control of the impaller upéeén

The d.o. shunt wound motor with separate excitation was
especially sulted for this purpose, as its pgpeed could be veried
or kept constant at any desirsd value by ocontrolling the field
voltage or the armature voltage (25,26) » The characteristios of
such & motor end the different methods of exoitation are presented
in the Appendix, scotions 2.6.1.-2:.6.8. Preliminary tests based on
theorstical considerations heve enabled a test assembly with the
required properties to be construoted ( see fig. 2.27 in the Appen-
dix, section 2.6.4. ). The test assenbly wes operated at different
speeds, while idling or under load, as desoribed in the Appendix,
sections 2.6.4. and 2.6.6.. It was established in these tests
that both the impsller speed control and the nett power consumption
were roproducidle within &2%
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Thie tspt assembly was used for the conditioning of
samplas of Tellnes ilmenite ore; and the subsequent results were
correlated with the measured nett power consumption as well as with
the analytical results for the reagent contents of theo flotation
products, in arder to eolucidate some aspects of fatty seid and
fuel oil adsorption on irt:.nafitanium minergls.

208, FEXPARIMESNTAL DETAIILS.

202.1. Bxpsrimental materisls.

The Tellnes ilmenite batoh contasined approximately 20%
T40, or 45% ilmenite and 2% magnetite (2), The magnetite was not
romovod in these tests, and probably soccompanied the ilmenite in
Plotation. The ore could be classified as an "ilmenorite", with
ilmenite and mpgnetite as the valuable minerazls. The gangue
coneisted of foldapar, hypersthene, and bloetite, with secondary
ninorals such a2 olivine, hormblende, diopside, spstite end spinels.
Pyrite, pyrrhotite, and chalcopyrite were present in small
quantities corresponding to 0.2% S. The phosphate content veried
from 0.2 to 0.4p P 05 The Tellnes orebody is rather finely orys-
talline, with very few grains larger than about 0.6 ma.

The tall oil, the fuel oil;, and the kerosene used were
of technicsl grade, and were supplied by Titania A/S. These were
sanples of the motual resgents used in the industrial flotetion

circult of Tellnes ilmenits. The oleic acid and the imo-ocotane were
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analytical grade reagents.

2-202-_fxperimentsl apparstus.

The test assembly for conditioning of the ore comprised:

8o & 150x110mm diemeter steinless steel oonditioning tank;

b. & 1/26 hopo deco shunt wound motor coupled to a shaft
with three intex-ehangaable impellers, in the form of three-bladed
brass propellors, of 48, €6, and 84mm diameter respectively, with
the blades at 20° inclination, and with total blade ereas of 4.5,
g, end 18 cn® respectively;

o 8 doc. tost assenbly, described in the Appendix,
section Z.6.4o | |

The flotation assombly comprised s stendard laboratory
Fagergren unit, operated at 2200 ropom.

The epparatus for resgent assaying comprised:

8. 10x10pm diemeter plastic containers with close fitting
1lids for theé colleotion of samples; '

b. 6Oml centrifuge test tubes with close fitting lids for
roagent desc;rption and for fafty acid eaponifiéation;

c. miscellaneous glassware for titrations and optical

density measurements

8.2.8._ixperimental proogdure.

The orushed ilmenite ore ( <10# ) was wet ground ia
leboratory batoh mild steel rod mills to 99% below 65/ B3S.
Individually ground batekes, each of 1.1 kg, were &eplined by
settling and decentation. The desliming was controlled in suoh a



wa;y; that 10% of the feed was roemoved as slimess. The deslimed
batches were stored under water until required. Distilled water
was used in all cperations inm order to eliminate the effect of
tap water ions. A standardised procedure was adopted for both the
grinding end the desliming, so that the grain size distribution
of the individual batches ms naarly conatant.

After thermel equilibrium in the elsotrical cirouits of
the test assembly had been reached ( sce seotion 2.6.4. in the
Appendixz ) the wet feed was transferred to the sconditioning tank
at 70% solids. After thermal equilibrium wes regainsd at the
impeller speed used, the reagents were added by means of & syringe,
which was acourately weighed before and after reagent addition.
The variable resistance controlling the voltage applied moross
izhs armaturs pormitted a constant impeller spesd or a oonatant
agitation throughout the conditioning pariod to be maintained.
Power consumption values were recorded at regular ;ntervalﬁ ueing
{he prosedurs cutlined in section 2:6040 of the Appendix,

After the desired conéitioning time the pulp was
transferred to the flotation oell, diluted to S0% solids, agitated
for half a minute with the air inlet valve closed, and then floated.
This initial agitation time over the range }-b minutes had no
effect on the flotation results. The amount of air 1ntrodu§ed did
not affect the flotation results when flotation was carried out %o
‘the visusl end-point;, as judged by the sppearance of a white,

barren froth.
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Bach flotation product was filtered, blended, sampled, and
aanéye& for repgent content aocording to the procedure outlined in
Beotion 1.10. The ilmenite oontent of fhe floﬁ.tion products ﬁea
determined at Titania A/S.

The parameters to be varied in the tests described in the
following seotions, 80801+-308:12., were: the initial reegent
addition, the impeller speed, the oonditioning time, the mode of
addition of the reagents, the tall oil/fusl oil ratio, reagent
nixtures other than tall oil-fuel oil, the ferric chloride addition,
the sulphurio acid addition, asd the addition of the fine fraction
of the batohes.

In all tests the conditions in the flotation cell were
practically oonstant, and since flotetion was carried out to the
visual end-point the flotation results were aiways a direct function
of the conditioning parameters. The ﬂotétion results at any
partioular oombiﬁation of these paremeters wero reproducible within
£5% and because of this the results of one test only were reported
for each combination. '

The following terms were used vhen presenting the
flotation results:

"Initial resgent sddition" - the quantity of the respec-
tive roagent added to the oconditioning tank, exprossed as grams of
resgent per kilogram of dry ilmenits ore;

"Per cent weight rougher concentrate® -~ the per cent
weight of tirﬁ: rougher concentrate expressed in terms of the initial
ilnenite ore feed;
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"Rougher ooncentrate grade" - the per cent ilmenite content
by weight of the rougher concentrate;

"Ilnenite recovery™ - the per eent weight of ilmenite in
the feed which is found in the rougher concentrate; |

"Gangue recovery" ~ the per cent weight of gangue in the
" feed which 1s Pound in the rougher concentrate;

“ﬁeagent recovery" - the per cent weight of each initial
reagent sddition which 1 found in each flotation product;

"Reagent conoentration®™ -~ the resgent oontent of each
flotation produet expressed in terms of grama of reagent psr kilo-
gram of dry flotation product;

"Powor consumption™ -~ the nett power consumed at any
particulsr instant during conditioning in agitating the pulp ( see
soctions 2.6.4.-3.6.5. in the Appendix ).

The effects of the parameters mentioned sbove on these
flotation results are presented in the sections which follow. The
data relating to the individusl tests are tabulated in section 2.6.8.
of the Appendixz, end these tests are referred to by a series of

congecutive numbers.
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The initial reagent additior; was varied in a series of
prelininary tests ( Nos. 1-15 ) in which the :ilmenite ore was
conditioned for 15 minutes at 1100 r.p.m. using the B4mm dlanater
inpeller. Yo change in the pif was observed during conditioming{65+02),
The pulp became viscous several minutes after reagent addition.
Therefore the impeller speed was z;a;!.aed to 1400 r.p.m. in order to
naintain proper movement of the pulp. The apparent viscosity of the
pulp deoreased gradually, so that the impgller speod oould again
be lowered to the initial yalue of 1100 r.p.m. towards the erd
. of the conditioning period.

The ilmenite recovery, the gangue recovary, and the rougher
conoentrate grads wers plotted ap functions of the initial resgent
addition in fig. 2.1. The per oent waight rougher oconcentrate, the
reagent rescoveries in the roughsr concentrate, and the rsagent
reoooveries in the rougher tellings were plotted s funotions of
the sams perameter in fig. 2.2.

Pig. 2.1 shows that the ilmqnite recovery increasgsed from
17.6 to 94%, while the gangue recovery increased from 15 to 858% when
the initial reagent addition was inoreased from 0.78 to 1.04 g/kg
of @ 1:1 ( by weight ) tall oil/fuel oil mixture. The ilmenite
recovery increased very little while the gangue recovery inoreased
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FIGURE 203
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FIGURZI 2.2
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steadily to 76% when the initial reagent pddition was further
inoreased from 1.04 to 1.74 g/kg of the 1:1 tall oil/fuel oil
mixture. Fig. 2.1 also shows that the rougher conocentrate grade
was 2 masimum at en initial reagent addition of 1.04 g/kg of the
reagont mixture.

Pig. 2.2 shows that the tall oil and fuel oil recoveries
in the rougher concentrate increased with the initial resgent
eddition in proportion to the increase in the per cent welght
rougher concentrate. It also shows that the tall oil/fuel oil
ratio in the rougher concentrate was the same as in the feed. The
reagent recoveries in the tailings were negligible -~ exocept in tents
where the per oant rougher concentrate was low. Anelysis of the
feed immedietely aftsr conditioning showed however that all the
initial resgent addition was present in the bulk solids.

The reagents unasoounted for in the flotation produots
wore found in the flotation liquor, and were proovably present as
& Blow-sottling colloidal suspension, which oould be flocculated
by additlon of férric chlorids. Having been loogensd during
conditioning they were removed from the minersl surface by disper-
sion in the greater water volume. This phenomenon wag confirmed in
8ll tests porformed.

The wvisoopity changos mentloned abvove which ocour in
the pulp during oonditioning were refleoted in changes in ths
power oconsumption. The relationship between this Pactor and the
flotation results is therfore ooneidered in the seotion which

follows.
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To establish a relation between the pattern of the power
congpumption during conditioning and the flotaf:ion results, the
initial reagent addition was kept essentially constant at 1.08&0,08
g/ke of the 1:1 tall oil/fuel oil mixture. This initiel reagent
addition was slightly higher than that whioh gave maximum llmenite
recovery and maximum rougher conocentrate grade in the tests of the
preesding section ( 2.5.1. ).

The power consumption was measured at regular intervals
during conditioping and the values obtained ( see tables 2.4-8.6 in
sootion 2,8.6 of the Appendix ) were plotted as & function of the
conditioning time in fig. 8.5. The power consumption curves cbtained
in all thess tests corresponded clopgely to one of the thres curves
presented in this figure, whioch wors typiocael of the threz different
rodes of control of the impeller aspeed duri:llg conditionlng, a8
described below.

Curve I was obf.a:lnea when the impeller speod was raised
from 1100 to 1400 r.p.m. in relation to the increasing visoosity
( see tests Nos. 14-17 in table 2.4, section 8.6.8. in the Appendix ),
as montioned in the precoding seotion. As a result the nett power
consumption reached a peak of about $6 watts. The impeller speed was
then lowersd to the initial value a&s the visoosity déoreased agiin
and was maintained at this level. The increased impeller specd was

nsoessary in order to keep the pulp in nearly oonstant movement
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throughout the entire conditioning psriod, as judged by visusl
observation of the vortex. | .‘

Curve II was obtained when the impeller spsed was kept
constant at the low levsl of 1100 r,p.w. by varying the ﬁbwer inpu‘b
during the period of increased viscosity ( see tests Nos. 18-28 in
table 2.5, seotion 2.6.8. in the Appendix ). As a result the na'bt
power consumption reached a peak of asbout 18 watts. The pulp moved.
olowly during the period of inorsased viucoaityo

Curve III was obtainea. whon the impeller speed was kept
econgtant at 1400 »r.p.m. by varying the powér inpht during the |
inereased viscosity period ( ses teats Nos. 20-38 in tablalz; 8,
saction 2.6.6. of fhe Appendix ). A8 a result the nett pwér consunp-
tion reached & peak of mvout 24 watits. The high impeller spesd kept
the pulp in satisfactory movement throughout the entire conditioning
poriod; as judged by visual observation of the vortex.

These threo typicel curves represented two extrsme- II and
11T - and one intermoediste caze -~ I - of eon&itionmg 1n'aanait_:y. ,

In the case of ourve II the pulp movement was at the loqut limi‘l:

( e seotion 3.8.5. in the Appendiz ) during the inoressed viscosity .
period, and in the oase of ourve ILT it was at the top limit ( see
seotion 2.6.5. ) during the normel viécosity periodn. Only in the
ocase of ourve I was the pulp movement unliform during the entire
oconditioning period.

It wes mentioned in the preceding section ( 2,510 ) thet
the varistion of the net power consumption in the conditioning tenk
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reflected the vissosity changos during conditioning. A considerable
flooculation of the pulp was observed during the conditioning and
1t was therefore assumed that the inoreased pulp visocosity was a
result of this bulk floocoulation; while the deoreasing viscosity
was a result of the subsequent deflocculation of the bulk. On the
basis of this sssumption the five distinct sections on the three
typlosl power consumption curves were identified by referring to the
observed floocculation-deflocoulation phenomenon in the pulp.

Fig. 2.5 shows o series of characteristic points ( 8 - 0 )
whioh were assigned to the typiocal power consumption curves in order
to permit corrslation with the flotation results obteined when pulps
wors conditioned to these particular points. Thess characteristic
points were placed at the oxtremities of the five sectiona, and ot
equi-~-distant positions along the seotions, as shown in fig. 2.5. Thess
five seotions of the power consumption curves corresponded to the
following five periods of the conditioning process:

8. the "induction pariod™ - betireen the charactaristic
points 8 ( for sbart ) and B, during which the viscosity and the
power consunption changed very little;

bo the "floocoulation period"™ = between points B and B,
during which the viscosity increased rapidly ¢o & maximum}

e. the "flovoulation pesk™ ~ betwsen points E and F,
osouring at the highest values of power consumption during corditioning,
which mark the end of the flocculation proceoss;

d. the "deflosculation period" -~ between points F and L,
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during which the viscosity decreased rapldly to the initial level}

®. the "dlspersion period” - starting at. the characteristio
point L, during which the original values of the power consumption
ware nalntained to the end of the conditioning process.

Fige 2.5 ( see also table 2.1 ) shows that the high
impeller speed in the case of curve I réduoed. the duration of the
floooulation period, of the flocoulation peak, and of the deflos-
oula:bion period, in contrast with the ocase of ourve II. The high
impeller speed during the induotion period in the case of curve 11T
alpo reduced the duration of the induo‘qion peﬁoa compared with -the
cases of curves I and II. These comparisons showed that the
increased impeller spesd mocelerated the ﬂoooulation-»&eﬂooou_lation
phenomenon during conditioning.

in every group of tests corresponding to one of the \th‘me
typicel cases of impeller aspeed control, the actual power consumption
curveg were sliéhtly displaced in relation to each other, both along
the time scale and along the power oonsumption scale ( mee tables
204, 2.5, éna 2.6 in msotion 2.6.8. of the Appeﬁaiz )e The gmall
displacements observed were a raesult of experimental errors such a8
slight variations in the initiel power consumption velus, which was
& function of the pulp density, of the particles sise distribution, .
and of the weight of the esample, sg woll as slight variations in
the mamual oontrol of the impeller speed during the periocds of
rapidly inoreasing or deoreasing viscosity ( measurements of the
power consumption and adjustments of the impeller speed were oamrried
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out ét 50 seconds intervals ). These experimentsl errors were within
£5% and had no effect on the position of the characteristic points.
They elso ha.d little effect on the flotation results, as shown later
in this seotion. |

The time values corresponding to the characteristic points
on ourve I wars chosen as the reference scale for graphical presen-.
tation, since these characteristic points sppeared to be important
in the study of the conditioning and flotation behaviour. This means
that & partioular charscteristis point such as E, on the three
different curves shown in fig. 2.5, would appear t0 have the same
effactive oonditioning time of 8} minutes as in the osse of curve I,
even 1f the ectual conditioning tims were 5 minutes in the case of
curve III or 10 minutes as in the case of curve Il.

A lettered scale 3, A, By, cee soo @, was used in all these
testa { Nos. 14-88 ) as abscissa, and the position of these characte-
ristic points wes detormined from the projection of the respective
points @ﬁ curve I onto the time seale, as shown in fig. 2.85. Feor
the purpose of comparison the actual tims values coryesponding to
the projections of the characteristic points of ourves I, II, and III
wore prasented in table 3.1,

The pul_pa in tests Nos. 14-88 were conditioned to the
different charzeteristic points along the individual powser consumption
surves ( see tables 2.4, 3.5, and 2.6, section 2.8.6. of the Appendix )
and the flotation results ( see tables 2.7, 2.8, and 2.9, section
2.8.8. of the Appendix ) 'are presented as a funotion of the
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TABLE 2.1

[roiss e B e

The velues, in minutes, corresponding to the projeotion of the
ocharacteristic points of the three powsr consumption curves on

the time goele.

SNPoint
: 3 ABCDBPGEGHI FELUNDRNROOTPNOAQQ
Curw

I 0 5 6547 8 8te 9of 2011 12 15 15 20 a5 80 86 40
11 0 4 6 758} 9k 11 1318 15 16 17 19 24 29 84 80 44
111 0 138k ¢ 445 Bier7h 639 1012 16 20 24 28 52

Durations of the pariods on the three power consumption curves
( 4in minutes )

Perilod '
¢ Induetion Floooulation | Peakk | Doflocoulation
urve

I 5% 5 % 8

I 8 5% it 8

II 8% 1% 3 8%

charactoristic point in figures 3.4 and 2.6, using the lettored eoale
dofined ebove. The iluenite recovery and the gangue recovery are
prosented as funotion of this parameter in fig. 2.4. The perosut
weight rougher consentrate, the reggent recoveriss and the reagent

concentrations in the rougher concentrate are shown in fig. 2.5.
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Ilmenite recovery and gangue recovery, . -

FIGURE 2.4 ILMERITE RSCOVERY AMD GANGUE R<COVARY AS FUNCTIONS OF THs CHARACT:ERISTIC POINT
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FIGURSZA 2.5 PER CENT WEIGHT ROUGHZR CONCENTRATE, REAGENT RiCOVERIAS AND REAGSNT CONCENTRATIONS
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The power songumption curve I is shown os e dotted line in both fig.
aoé_f a.nd fig. 2.5 for reabons of comperison.

Exominstion of the curves in figures 2.4 and 8.5 shows
*"aha*‘# the Pollowing resulis were obtained by conditioning up to0 and
during the particular psriods:

Be lconditioning curing the “i.n&uqﬁ.bn périoa" gove very
low per cent welghts of rougher oouoantmt% éonsiating nainly of
fines, and only part of the reagents was found in the rougher concen-
trate &t very bigh soncentrations of the reagents; this indicatsd
that only part of the reagents werev adsorbved during this peried.

‘ bo Conditioning during the "flosculation pericd® gave a '
gradusl avd non-selectlve inaresse of ilmenite and gongue recoverles,
and & esrresponding inersease of the reagent resoveries in the rougher
counoentrate, both being propertionsd _to the immaéa in the power
consumptions in addition the concentration of $he remgents in the
rougher conocntrate deoranssd mﬁdlys This indicated that ‘mcre
Tongents mx'é qui@kly edoorbed ﬁuxing#his period mui %@ez’e randomly
dotrivuted bpiwesn an inerossing number of paxticles. The inoreaeimg
builk flecowlation in the conditionlng tank and the inoreasing
per tent m,i.é;h'a rougher concentrats were both o repult of the
inorsening nunber of reageutaqoatea particles.

Go Gonﬁitipning éuring the "flooouletion peak® geve |
pazimum psr osnt weight rougher concentrate end maximum resgent
ronoveries in the rougher ooncentmte; while i:he .reagazﬁz coneentra.
tﬂ..m in the rengher soncentrate was gt a minimum and the salootividy
weps sVill negligihle, This indiecatsed that nearly @,11 of the initial
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reagents were adsorbed on a maximum number of partioles of all
speoies, and as a result bulk flocoulstion and per cent welight of
rougher concontrate were at a maximum.

. Conditioming during the "defloooulation period” geve
a rapid depression of the gangue while the ilmenite recevery increased
Purther and lovelled off st s maxioum value near 100%; at the same -
time the reagent recoveries in the rougher concentrate started to
deorease while the reagent concentration first inoreased and then
lovelled off at a constant valus. These results suggest that a rapid
transfer of reagents f‘rém the gangue to the ilmenits partloles took
place during the period when almost &ll particles were floooulatsd
and hence in intimete contact. Subsequent to this transfer, the
rengents wers romoved from the now poorly coated gangue particles
by the attrition in the highly dense pulp, to be dispersed in the
flotation liquor as volloids. A & result of the decreasing number
of resgent-ocoated particles the pulp deflocculated and the viscosity
deorensed raﬁidlyo

6o Conditioning during the "dispersion pericd" gave a
gradusl depression of the ilmenite and a wmuch slower depression
of the gangue, with deoreasing reagent recoveries in the rougher
concentreto proportionsl to the dcoreasing per oent weight of
rougher conoentrats, the resgent conoentration in the rougher
ooncentrate being nearly oconstant. This indicated that the reagents
were removed firom the ilmenite particles in e manner similsr to
that suggested for the gangue particles during the deflocculation
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period. The redgent conceniration in ths rougher tailings was
negligible &t o1l oharmcberistic points, which supparte the
puggosted explsnation of reagent removel from the poorly coated
paz-ticleéo Sinoe tho deprassion of ilmenite was ascelerated at
highsr speeds during the dispersion interval, the suggested attrition
of the reagents received further support. | |

The correlation described above showed that under
ciroumstances of sufficiently nigh pulp density for example, which
permit bulk Plooculstion to tske plase, the Flotation resulte of an
 ilmpenite Fulp' conditionsd with tell oil and fuel oil wers a direoct
funotion of the conditioning process, as representéﬁ by the power
consunption ourve. Since the flotation results obtained acocrding o
the threa &iffarant power consumption ourvee gave continucus ourves
wheon prenented as a function of the characteristic point in figures
2.4 and 2.5, it was evident that the characteristic point on the
power consumption curve was an appropriate indicator for the
conditioning process aund for the phenomens taking plsste dwring
conditioning. This was equally velid for tests in which the impeller
gpesd was kept constant st low or high levels during conditioning, os
voll a8 for tesis in whioh the pulp movement was kept nearly constant.

Thege cousideretions show that tho effests of different
Pectors such as inidiel reagent addition, reagent ratlo, and type of
rongent on the flobabion results, must always be examined whilst
reforring to characteristio points on the power consumption ourve
which denote a particulsr stage of the oonditianing procesn. The points
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of major importense were firstly the "flocoulation pesk® ( B = F ),
characterised by maxioum por cent welght of rougher concentrate and
naximun reagent recoveriss, that is &t the end of the resgent
adscrption procers, and cocondly the end of the "deflosculation
poriod" ( L ), chaveeterised by maximum ilmenite recovery snd by
naximum selestivity, that ia the highest rougher concentrate gradd.
It waa important ¢o examine the net energy inpute required
on gll thres power consumption curves to reach the two characteristic
points meniioned above. The net energy inputs wers ealoulated by
intagratlon of the respective areas below the power consumption

curves in fig. 3.5, end avre prosented in teble 2.2.

TABLE 8.2

Net energy inputs reguired to resch the flocculation pesk
( 5 ) ond the ond of tho deflocoulation peried { on the

thres typloal power consumption Surves ).

Stert of flocoulstion peak |End of flocculation period
Curve Tno, Enorgy consumption, |[Tims, | Energy consumption,
mdne I/ ke Wb/ ton win.| J/kg | LWh/ton
3 64 5700 1.57 i8 {14500 4.08
II M e 5250 io 26 ';1,9 12600 5 054)‘
I1T & 5180 .75 12 111000 5.08

’

Exarinotion of table 3.2 shows that the integral energy
daput roguired to reach the given cheraoteristic points on the three
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curves differed, allthough the flotation results were the same, as
shomm earller in this pection. The lowest net energy input was
obtained when the agiteticn intensity was highest throughout the
entire conditioning period. It is significant that the energy
consumption during the deflocculation period Qf curve IXI w&s'Vﬁ%
of the tobtsl energy inpub raqpire& to reach thié point.

The tempsrature of the pulp wes measured during conditio-
ning and & typleal curve prosented in fig. 2.6 shows the temperature
as o function of oonditloning time. Starting temperatures of 20-25%
hed no effect on the correlation between the flotation results and

the characteristic pointe ( shown earlier in this seotion ).

W MDD e s SUCD  FEAO SNOP  gmm  WRS Gt ovmm S mare | uvw  ewam man e o wyr e e e

consumption curve.

The effests of a Series of parameters on the flotation
results avre oxamined in thene seotions, in correlation with the
chargeterietic points on the power consumptilon curve menitioned in
peotion 2.8.3., nanely the floosculation pesk end the end of the
Jefloceculation period, that is the pulps were alwaye conditionsd
to ons of these points and theon floated. In this manner the

conditioning process hed alweys progressed to the same staga.
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PIGURE 2,7
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2+50._Tnitlel resgent eddition.

The initiel resgent eddition was varied from 0.78 to
2.4 g/kg of the i:i tall oll/fusl oil mixbure. The conditioning
was sbopped at the stext of the flossulstion peak, "EY, in testa
Nos. §4-57, at the ond of the deflocculation period, L%, in tests
Nos. $9-55, and at point "N" in the dispersion period, in Yests Noo.
58-69, Powser d¢onsumption measurements showed that ourves of type II
wers cbbeined in all oases whan the initial reagent addition was
not groater than 1.7 g/kg of the reagent mixture. Above this initisl
reagont addition the deflocoulation was inoomplete g3 shown in £ig.2.7.

The ilmenite and gangue recoveries at differsnt characte-
ristic points are presented ag functions of the initiel reagent
nddition in fig. 2.8. The corrslation between the ilmenite and gangue
recoveries and the inltial reagent addition which was obtalnsd at the
oharacterintio point “L® was the pame ap that obtained in tesats Nos.
1=-15 gnd shown in fig. B.l. This was attributed to the fact that
the conditloning was stopped in both series of tests at the end of the
deflooculabion psricd, when the initlal pulp viscosity was regeined
&g montionsd in seotion. BeS.do

The correlations betwsen the ilmenite and g&ngue‘reooveriaa
and the indtial roeagent addition which were obtainsed at the characte-
ristio point “N® vere the same ap thoss obtained a% point L%, but
the respsotive curves wore shifted towards lower receveries beoause
of the further depressicn of perticles in the period betweon points
LY pnd "N". The respectivs cherasteristio correlations obiained at

point A" were slso similer, bubt the curves were chifted towards
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high resoveries at even low inlilel resgent addition, and ghowed
1ittle solectivity of flotation; in good agresment with the charac-
beristic of thls puint.

The eurves in Plg. 2.8 glso show thet _all the aclids
wm;@ Plopted at particulsr initlsl reagent addltions whioch were
detormined by the posltion of tue ohmoteriati;x point. Maximum
selestivity of flotation was observed at an initial reagent addltion
of 1.1 g/lg of the 1:1 tell cil/fuel oll mixture st the characteristic
pointa "L" and "H", in good agreement with the value obtained in
seobion 2.8.1.

'l‘ile pey osnt weight rougher concentrate and the resgent
recoveries in the rougher concentrate, corresponding to the data
pregented in fig. 2.8, are plotted ag o function of the initisl
reogent addition in fig. 8.9 The correlation observed at the
charasboristio point "L° wes tho sano as that shown in fig. 2.8,
ennlogous to the similorlity bobtween the vorrespording curves in
Pigures 2.8 and 8.1 montlonsd aboveo. The curves obtained at the
eherpoteristioc points “8Y and "N" showed & similer sorreletion, bub
they were shified do highar or lower resoveries, r:'easpéotj.mly9
dopanding on vhether the desorption proosss had not yot started or
hod slready procesded beyond the end of the deflocculation period,
"L In ell cnces the reagent vecoverlss lnsrsased with incrsssing
par cend welght rougher congentrate, aund the z-eoovsme@' of both
rosgents wore nsarly ogual b all points. thus meintaining the
4pitial 1:1 $all oil/fuel oil ratic.
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PIGURE 2.9
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The rosgent condontretions in the rougher ¢onsentrate ware
pressptod a8 o funotion of the indtial rsegont eddition in fige 2.10.
The curves obbtained show that this reagent concentration was at a
pintmen for an indltisl reagent addition of 1.1 g/kg of the reesgent
mixture, which was the samo as the optiaal dnlblsl resgent edéition
giving novimun llmenite recovery snd maximum flotation selectivity
et the cherasteristie volint YL, as shown in fig. 2.8.

The date prosented in £iz. 2-8 wore usged for the oonstruction
of & zet of curven ghomn in fig. 2.11, eachk reprssenting o constant
intblinl resgent addition and cach showing the relationship botwsen
ilmenite and gengue reooveriss and the vopitlion of the chevasteristic
poink. Ths soryesponding curves from fig. 3.4 eare elso ypresented, os
they wers utsd for the conadruciion of the othur ocurves in the interval
botweon points "BY pud “NY. The ourves obtsined showed that the
dapreepion of Llmenlte wan delgyed ot high inditial resgent addition,
end thet ib stovted sven in the deflosculation peried when the 4initilal
reagonrt addition was 0% bolew the optimnl velue mentioned avsve. The
paagus recovery was shifted toweards lomer or nighor velues, depending
whether the Lnitial resgent addition wea below or sbove the optimel
volus, respsotively. -

Thass sovralations sbow that the flobtablon rasulés were e
fungtion of the ialbiel roacgoent addition ot eny given chersoteristic
polnt over this rango, end that sooordingly, the dosorption of the
repgents during the deflosculation sunéd dispersion pericds waa &

funetlon of the resgent consenivebion on the particles.
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FPIGURE 2,11

TIMANITE AND GANGUS RACOVARISS AT DIFFERENT INITIAL
REAGANT ADDITIONS AS FUNCTIONS OF THs CHARACTSRISTIC
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These correlations also shoy that the optimel initial
rocgent cddition made it poscible to obtaln meerly 100% ilmerite
r&éovgry ot peximam flotation selestivity at the axpense of the
smallest oncrgy consumption, required to rsaqh‘thg chevasterintic
point ®L% The same flotation rasulis were aétain@a at higher reagent
additions efter 1onga§ eon&iﬁioning time %o the aharacteriatim,paiuts
oYn o “N”,-at tho mzpense of higher energy cowsumptions. The power
c@nsuﬁption curves were however the sane at all initiel reagent
additions helow 1.7 g/ltg of the resgont mixture, showing that the

same enargy input wes reguired to reach a given cheracteristiv point
&b aifferént dndtiel raag®n$ contents over this ranga
2o8ode_Toll oll/fuel oil wabio.
The $a1l oil/fuel oil ratio wes varied in & series of

teots ( Nos.. 70-90 ) over the range 2:1i 4o 1:2. This was accomplished
by kooping the initiel €all oll addition constant at 0.45, 0.55, sud
0.65 g/lg, end verying the fuel oil addition over the range 0.25 to
1.05 g/kge The pulps were conditioned to the end of ths deflossula-
tleon psried, "L", end z power consumption owrve of type I was ébtaine&
in 2ll cazos. This showed that the warlation of the fuel oil addition
4dd not affest the tbﬁal energy consumed up to this cherncteriatic
poivb.

The 4lmenlts, gangus and reagent recoveries in the rougher
concontrate ot Aiffsrent initiel %211 oil additions ave presented a5
funstiens of the initial fuel oil addition in fig. 2.12. The curves

obbadned show that the ilmenite and gangue rscoveries werse constant
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PIGURSE 2.12
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ot an inidlel fuel ell addition oxessdlng Q.45 g/kz, but fell off
waen the fusl oil 2ddition was docreased bolow this valus. It wes
soneludsd from this thet the opiimel Flotation repulis obbainwd st
1o3 gfizg of the 1:1 $all odl/fuel oil mimture inm secblon 2.8.5.
gorresponded aetuslly o an optimel initial tall oil additicn of
0.65 /g in conjunction with on optimsl initial fuel oil gddition
of 0.46 g/kg.

The tall cil and fuel oil reooveries in each rougher
gongentrete were equal to each other at eny tall oil/fuel oil ratio
epplied, showing thet the distribution of these two resgents on the
suxface was always the some &9 in the feed. This was confirmsd {rom
the velues of the reagsnb a@ﬁcenﬁratians in ths rougher concentrate,
presepbod as & Hunction of the fusl oil addition in fig. 3.18. The
suvvo gorresponding %o 0.48 £/ks inidial 4all ofl addibion wes moat
significant, shoming thet despits the low por cent welghi roughsr
aoncentrate, the teil oil concentration of about 0.85g per kg rougher
conoentrate was elmest the sams as thed oblained st 0.55 g/kg Snitiel
tall oll ocontont with nearly 1008 iloomite regoverye. This was evidently
the minimum average suwwface conting of floztable particles ab this
gise distribution.
8.8.8._Additicn of suwlphuric epid.

Adition of sulphurio eold %o the conditioning tank, ab
the point oorresponfiing 4o the ond of the . Fflossulation ponlk,

rosulisd 4in on lmodlede dofliceculation. Tho durstion of the
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defloseulation poriod was reduoed from the usupl -9 minutes to half
g ainute, when the pH of the pulp was reduced from 6.5 %0'4w5 by the
addition of 4 moguive sulphurie aold per kg. selids, as showm by the
pover consunptisn curve of test Noo 100 in Pig. 2.14. The pomer
gonsumption levsl renehsd &ufing this asctlerated deflonsouniation
was & funotlon of the pH, &s shown by som@ariaén of the curves of
tonts Nog. 98, 96, 100 and 1@% in £ig. Bolde

The roculting seving in the energy consumption, determined
by integration of the aress below the rospeotive four ourves. werse
56, €0, ond 70% of the nett encrgy consumption reguired to resch poiut
®L® b eonsbaut pH ( 6.5 ), when the sulphuric acld added at the end
of the flooculation posk redused tho pH o 5.5, 4.5, and 3.5 respee-
tively ( seo 0lno end of psobion 2.8.4 pnd table 2.8 o

The 1imonite and gonsuo regoveries aﬁ gifferant initial
woagent efditions ere prasented ap funobicns of the pH value regched
during defloocouvlation iz Pige 2.15 { ¢osbs Nos. 81-108 ). The scurves
ebbeinsd show that The goveue wes alvendy dopressed by the small
addition of 2 moowiv. pulphuric aocld, which eorresponds to the
lowerivg of the gH from 6.8 ¢o 5.5. Further lovering of the ﬁH
r@@ul%é& in lesk proncunged gonzue dsyresgion. The ilmonits was aloo
depressed, copselielly gt lov initial reagent addition, at values below
ar ogusl to the optimal addition of Zoig/kg of the 1:1 tall oil/fusi
941 ninture, detcrmined for doflosculation at conatant ﬁH ( 6.5 ) in
pesblon .9.8. The doprossion of ilmeniée however, incre&aed progres-

shyvely with inoraasing sulphwrie aold eddition. Both ilmenits and
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gangus reooveriss wers higher at higher initlel resgent additlons
when the pE wes lowered to o given value. Fig. 2.15 shows that the
ilmentte recovery at 1.24 g/ks reagent nixzbure snd at pH 4.5 was equal
$0 that at L.1 g/ig reagent mizture skt pH 6.5, whereas the gangue
Tesovery in the former oaso was half of that in the latter caueo

These improved resulbs were obtained with the additionsl advantage

of a 60% reduction.in the energy consumption, as shown above.

The resgent recoveries in the rougher conosntrate end the
per cond weight rougher concentrate st different initial resgent
edditions eve shown as functions of the lowered pH in flg. 2.16. The
curves obtained showad that the resgent recoveries were proportionsl
o the por oont weight vougher concontrate ab ell pH values. This
sugseabed thet the descrpbiou of the rasgonts by means of sulpburic
0old was not baoleally dAiffersnt from the normel dosorption of the
roagends by abiritiony but the rats of the descrpiion was much highar.

The resgent concentrations in the rougher consentrates
g d4fferont initial resgent additionz are chown as functions of
the pH in £ig. 2.17. The curves cbbtained show thet the reagent con~
conbrobion was nearly oconstant of any given initlal reagent
addition, with tho initiel tall 0ll/fusl oil ratio being nmziniained.
A ne merking the polnts of 95% ilmounite recovery arawa in fig. 2.17
iwberpects Che rosgent consentration surves et the points correspon-
ding $o the minimum surfeos coverage ob different pH valuos. Thls
pinteun rosgent concentration inoreascd im inverss proportion to

the .
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Addition of pulphuric aoid prior to resgent addition
prevented bulk flodoulati.on, a3 showmn by the power oonsumpfion ocurve
of test No. 107 in fig. 2.14, in whioh the initisl pH wes lowered
from 6.5 to 4.5, in ooﬁpar:t.aon with the ourve of test No. 100. The
pulp in test ;No. 107 was conditioned for the same length of time .
whioh corresponded to point LY 4n test No. 92, at o oonatan’c yol:

( 8.5 ), as shown in fig. 2.14. The resultant ilsenite end sansua
reooveries in test No. 107 were 95.5% and 58% reupeotively, compared
with 98% and 42% respectively in test No. 95, in which the sane
initiel reagent sddition of 1.24 g/kg was used at pH 8.5. The
recoveries in the corresponding test No. 101, in which the pame
initial reagent addition was used and with the pH lowered to 4.6
after the flocoulation had teken place, were 92.5 and 17# reapec-
tivoly. This comparldson showed that addition of the sulphurio acid
befors tho roagents wore added did not prevent thoir edsorption.
The addition of the sulphurioc acld prior te the reagent addition,
howover, was not as effective in the subsequent desorption of the
reagents from the gangue partiocles, as was the addition of the same
arount of eulphur:tc. aoid efter the floocculation psak was attained.

It was conoluded that mulphurid scid was effeotive as o
depressant when introduced efter the floceulstion pesk wae reaohed,
when it induced o stronger depression of the gungwe with a conside-

rable Baving in energy consumpbion.
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The pulp in test No. 108 was Pirst conditioned until the
floooulation peak was reached,; as shown by the power consumption curve
in fig. 2.18. The ilmenite and gangus recoveries wers 97 and 84.5%
rospectlvely in correspondence to the lnltigl reagent addition of
1.15 g/kg of the 1:1 tall oil/fuel oil mixture end to the characteristic
point *F%, The rougher concentrate and tailings were thickened end
reoturned to the conditioning fank, followed by reconditioning at the
original pulp density of 707% solids. The power oonsumption ourve
obtained was o continuation of the original power aonsumption ourve,
as shown for test Fo. 108a in fig. 2.18. The pulp was conditioned to
the end of the defloooculation period, and the ilmenite and gangue
‘recoveries were 96 and &% respectively, in oomparison with 95 and 41%
respectively in test No. 109, which was oarried out by uninterrupted
sonditioning to the sames characteristic point "L", es shown in £ig. 2.18.

This phenomenon was observed when the rougher concentrate only
wes roconditioned, or when reconditioning at comstant pH ( 6.5 ) or at
sucosssively lowered pH. was interrupted several times by intermediate
flotation ocleaner stages. In each cass the flotation results corresponded
to the oharasteristic point reached during the reconditioning, and the
pregeding flotetion had no effect.

These results have shown that the process of dssorption of. -
the reagents during the deflocculation period can be carried out in the
presence &b well as in the absence of the gangue particles whioh are
depressed during the rougher or cleansr flotations, provided the original
high pulp density is sapplied during reconditioning. The advantages
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of reconditioning after the flooculation peak were, therefore; a
drect result of the romoval of part of the gsngue during rougher
or cleaner flotation, so that both energy consunption and moid

oonsunption were reduced during the defloccu’ation period.
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reduged P values:

An ilmenite ore pulp was conditioned until the end of the
deflocoulation period was roached and was floabted { test Noo 110 )o
The rougher oénoentrate was returned 15 times, successively, to the
flotation oali, and was refloasted. The final ilmenite and gangue
vecoveriss were 94 and 85% , respectively, compared with 95 snd 58%
obtainsd for the rougher ‘concentrate in test No. 111, using the sama
initial reagent addition of 1.1 g/kg of the reagent mixture, and
eondifio’ning to the same charsoteristic point "L".

These results showed that the resgent dosorption procees
8 not take place in the Plotstion osll, where the pulp density was
only 505 solids. This also explsined the phenomenon observed in the
preceding seetion, whereby the oonditioning process at high pulp
dencity could be oontinued gfter the rougher flotation.

The rougher ooncentrate of test No. 111 wes returned to
the flotation oell, and was refloated at pH 5.5. The guantity of acld
used for reduction of the pH valus from 8.5 wasb 8 meguive. sulphuric
ecld, éampa.red. with only 3 mequiv. sulphuric acid needed to produce
the sanme lawaang of the pH in the conditioning tank, which vontaing
only 1/6 of the water volume used in the flotation cell. The cleaner
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flotation was repeated at pH 4.5, and the flotation results are
prosented in fig. 3.19, to compere with the results obtained when
similar reductions of the pH value were effacted in the conditlioning
tank, during defloooulation. Pig. 2.19 shows that the depression of
the minersls was less selective when pH reduction was effected in the
flotation osll, than when carried out in the conditioning tank, and
in addition the sulphuric acid covpumption was moh greater,

It was mentioned in seotion 2.2.5., on the experimental
procedure, that the ground ilmenite ore feed was 10% deslimed. The
flotation behaviour of feeds whioh wers not deslimed was studied in
the following tests.

A non-deslimed feed was conditioned with 2.8 g/kg of the
1:1 tall oil/fuel oil mixture, and the power consumption ocurve
obtainsd in this test ( No. 112 ) i» presented in fig. 8.20. This
surve showe that no flocoulation oooured during 15 minutes conditio-
ning, despite the vwery high resgent addition. Addition of further
fuel oil only, at the point indiosted on the ourve, caused a repid
flocoulation of the pulp. The flotation at the characoteristic point
"L® zave 95.8% ilmenite recovery and 87% gangue rsoovery, in compari-
son with 96% and 35% zespeoctively, in test 115, where a 10% dealimed
feod was oonditiened to the same characteristioc point; a8 shown by
the curve ( test No. 115 ) in fig. 2.20, using only 1.1 g/kg of the
roagent mixture. The concentrations of the reagents in the rsspsctive
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rougher cooncentrates were of course corrsspondingly higher when the

fesds were not deslimed, but the resgent recoveries were, however,
the same in both ocasen, at values arcund 75% of the initisl resgent
addition. |

A siodler non-deslied fesd was conditioned with the asme
initial resgent edditlon of 2.8 gfkg, but the pulp density was incressed
to 75%  test No. 114 ). As & result, normal bulk flosculation was
obtained as shown by the power consumption curve of this test in
£ig. 2,30, Flotation after oonditiem.ng to the sane characteristic
pdint HLY ag above, aiso gave 97% ilmenite and 368.5% gangue recoveriss.
The reagent recoveries and reagont conoentrations in the roughez'
soncentrate were also the same as in test No. 112 | ‘

A stendard 10% deslined feed sauple was conditioned with

3.1 g/lg of the reagent mixture, st the normal pulp density of 70%
801ids, The usual bulk ﬂouculatioﬁ m produced, as shown by fhe
power oonsunption curve Por thiis test, No. 116, in fig. 2.20. At She
floocoulotion psak the dried slime fraction of this feed was sdded to
the conditioning tamk, resulting in an immediste deflocoulstion, &5
showm by thie power consumption curve. This ﬁhenmnun wae very |
similar to the sudden dsflocculation observed when sulpburic acid was
added at tho same charasteristis point "F" ( pee fig. 2.14 ). Flotation
&t the point "L" resulted in 95.5% ilmenite recovery and 55.5% gangue
recovery, these values being oqual to those obtainsd in the previcus
wo bests where s greater initial resgent eddition was applied. In

this test however, thes reagont recovaries in the rougliér concentrate
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were noarly 100% compared with only 75% in the carlier two testso
This indloated that the reagents were transferred from the coarser
gengue portielss to the ilmenite fines whioh were added,during the
very brief deflooculation pericd. This was confirmed by the reagent
oonoentrations in the rougher concentrate, whioh wore the saums in
this as well ns in the earliler tesis.

Ths results of these tests showed that the presence of fines
in the conditioning tanl: prsavented bulk floocoulation at normal pulp
densities of 70% solids, but an inorease of pulp density permitted
larger proportions of fines to be present so that bulk flocculation
could then telte place. The fines oonsumed large amounts of reaéenta
beoauae of thelr great specific surface, and this proporty was
exploited wher the finern were added to the conditioning tenk before
deflocoulation started. As g result, the reagents which wers other-
wipe desorbed end lost in the flotation liquor, wore consumed by the
fins ilmenits particles. It must be noted that prolongued agitation
of deslimed feudn before the reagents were added hed no effsob on

the flotation results, 50 that the finos produced during such abtri-
tion oould not be considered cs having tho same role as fines added
efter flsoculation.

The nstt energy inputs requirsd to reach the charasteristioc
point "L¥ in teats No. 115 and No. 113 were oompared by integration
of the areass below the vorresponding power consumption ourves. This
showed a roduction of 70% in the total energy consumption when Fines

wero added beyond the floosulation peak, similar to that obtained when
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the pH was roduced to 8.5 durdng deflocculation { see sestion 2.5.5.
and slso oend of seotion 2.5.8. ).

Gtle Nt g Houd  oan  asww

Addition of the flotation roagsmte in stages during the
induotion period, the floeoulatiop period, or the flosculstion pesk
did not affeot the flotation rssulto, which wers always a funotion
of the tobtal resgent addition end of the characteristioc point reached
during the conditioning. The same spplied t0 separate asdditions of
tell oil and fusl oil, irrespective of the order of addition. In the
case of tall oil addition after the fusl oil, however, the bulk
floooulation did not start until tall oil was added.

To 4llustrete thsae points, the power consumption curves
' sorresponding to tests Nos. 116-119 ave presented in fig. 2.21, with
the polnts of aadii:ionﬁ of the reagents marksd on these SUEvas. The
conddtioning was stopped im all tosts at the oharasteristio point YL©
ond the flotation resulted in the sams ilusnite resoveriecs arcund 96%
cud gangus reooveries of about 86%. The réagent reeovaﬂas in the
roughsy concontrate were about 76%. Ap the floecculstion period and
flocoulation peak were very hrlef, tho raoagents sdded during these
psricds were ohvﬁoﬁsly distributed very quickly among the resgents
already present én the surfacs of the partiocles and geve the sane
flotation rasults for thie reason. |

Stage-wise addition of the reagents during or et the end
of the a.gﬂocoulation period ocsused & renswed flocoulation-

deflocoulation oyole of the pulp, as shown by the powsr consumption
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FIGURE 2.21

POWSR CONSUMPTION V. CONDITIONING TIME FOR STAGS-WISE
ADDITION OF REAGENTS.
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ocurves for tests Noas. 135-135 in fig. 2.22. In tests Nos. ,125 and
124 the first fl&coulationwdeﬂecoulation cyele was obtained by using
an initial reagent addition of 1.2 g/kg of the 1:1 tsll oi)/fuel oil
ulxture, and e further 0.5 g/kg fuel oil was added st the end of the
first deflocoulation poriods “Lj"e In test No. 135 tha firet oyole
wes obtainsd at an initial reagent addition of 1.0 gfig of the
reagent mixture, whils a further 0.2 g/kg of the mixture was added
at ~tha characteristic point "I-1" to produse the second oycieo

In tests Noge 123 and 125 conditioning was continued to
the characteristic point "La" at the end of the second deflocoulation,
where the ilmenite and gangus recoveries were sbout 97-39% and 41-42%
respoctively. Similar results were obtained in test No. 133, at the
game initial reagent addition, when conditioning was stopped at the
end of the firast defloooulation period as shown by the corresponding
power consunption cﬁrve' in 2.22. The resgent recoveries wore around
85% in all thres tests.

In test No. 134 oconditioning wea stoppsd at the characteria-
tic point "32",, at the eni of the sscond flocculation peak, resulting
in 97% ilwmenite and 89% gangue recoveries. The same results wers
obtained in test No. 181, by oconditioning to point “B’l“,, at the end
of the first flocoulation peak, as shown by the corresponding power
consumption owrve. The resgent rscoveries were nearly 100% in both
those tests. This demonsirated that the reagents desorbved Guring the
first defloooulation period were readsorbed and redistributed during
during the sscond flococulation period, this being followed by normal
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FPIGURE 2032

POWER CONSUMPTION V. CONDITIONING TIME FOR STAGE-WISE
ADDITION OF REAGENT AT THE &ND OF THE DEFLOCCULATION PERIOD.
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desorption during the second deflocoulstion period. Each characte-
ristic point on the sesond secstion of the cutve corresponded therefore
to the eguivalent oharasteristio point on the first section.

3.5.10. A3aition of the roagents as an omilsion.

In a oot of threo tesés ( Nos. 126-128 ) tho resgents weve
pddod to the gonfitioning tank by means of s éyr.{mges which was the
usual mothod im this study ( sce section 3.2.8. ) and the pulps were
conditioned to the ohamcteriﬁio points "F", "L", end "H" respeotively.
In a sot of tbree‘.parailel tosts { Nop. 129-1851 ) the same initial
reagent sddition, of 1.1 g/kg of the 1:1 tall oil/fuel oil mixture,
waB applied in the form of an emulsion. This emulsion was prepared
by saponification of the reagent mixtm in ageoun NaOH followed by
neutralisation with en equivalent amount of HGl. This resulted in .
& vory finsly divided emulsion of ‘the oil in the wator. The conditioc-
ning was osrried out to the asmé three characteristic peints, respes-
tively. |

Comparison of ths cheractoristic powsr consumption curves
( £ig. 2.28 ) showed that zddition of the resgents in the form of an
smulsion roduced the inﬂ.uatich pericd, which was thus merged with the
flocoulation period, the slope of wiich was decreased correspondingly.
Alithough the pesk powsr consunption was lower whon an emulzion was
used, thers waa little paving in oconditioning energy required to reach
point "L" because of the prolongued :locoulation period.

The ilmenite ond gengus recoveries were the sasre at each of
tho three characteristic points, irreépeotive of the mode of resgent



= 181 =

FIGURE 2.3

POWER CONSIMPTION V. CONDITIONING TIME FOR REAGENT

Power ADDITIONS AS DROPLEIS AND AS AN ENULSION.
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afdition, being around 97 and 82% respectively at point “F*, 97 aend
56% respectively at point "L", and 96 and 29% respectively at point
m*,

208011, Reagenb mixturss other than tall oil-fuel oil.

In the following tests { Nos. 152-189 ) initisl reagent
additions around 1.1g/kg fatty acid/meutral oil were used, the
fabty acid boing tall oil ( No. 152 and 134 ) or oleio acid ( Nos.
155, 155, and 186-139 ), and the nsutral oil being fuel oil ( Nos.
182-1856 ), kerosene ( Nos. 156<157 ) or iso-cotane ( Nos. 158-189 ).
When using iso-octane the double proportion of neutral hydrocarbon
was used beoause of its high voletility.

Virtually the same power consumption curvés wers obtained
in all these tests as shown in fig. 2.24. The ilmenite and gangue
reoovem'iea at point "F" were in ell cases around 96 and 82% respec~
- tively, and ths reapent recoveries ( isc-ootans recovery ooculd not
be determined ) were nearly 100%. The ilmenite and gangue recoveries
at point "L* wore in all ocases about 95 and $5% respectively, and the
reagent racoveries in the rougher conoentrate ware about 77%.

These results showed that olelo acid and tall oil were
interchangeabla as fatty aoclds, while fuel vil, kerosenc and iso-octane
ware interchangeable as neutral hydrosarbons, when used as flotation
reggents for ilmenite.

In two tests the rougher concentrates , obtained at the

characteristic point "P" with equal tall oil/fuel oil and olelo sold/
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fusl oil mixtures (in veste Nos. 152 and 155 ) were recenditioned

at 'pH 8.5 to t;:e characteristic point "L". As o result ths ilmenite
and gengue recoveries wers 85.5 and 25% with the tall oil ( %est

No. 1522 ) and 93 ma. saséuapeuunly with tlw fusl ol ( No. 188a ).
Thh demonstrated that olelo acid. uve better: resistance to the .
aupmsuva sction of sulplm'io aoid, vory likely because :Lt does
not contai.n resin aoids. ,

Ia some paralle testa ( Wos. 140-141 ) 'bha tan oil or
the oleioc avid were applied. as sols flotation reaganta. It was
mouury to add a greater amount of fatiy aoid in these tests,
than that applied ihan fuel oil was ad@gd, in order to induce
flosoulation. The power oonsumption owrves obtained at such high
fatty aoid additions of 1.5 g/kg were identical with those obtained
in the teats dssoribed above, at an initigl reagent addition of
only 1.1 g/kg of the 1:1 Patty aoid/fusl oil mixtures, as shown
in fig. 2.24.

The ilumenite and sm recoveries at the oharacteristic
point "F® were around 98 and 80% respectively, when 1.5 g/kg
tall oil ( No. 140 ) or oleic acid ( No. 141 ) was applied, in
conparison with the same recoveries when the lower amount of the
1:1 fatty acs.a/mel oil mixture was applied. m reagent racoveries
were in both cases nesarly 100%. Reconditioming of ths rougher
concentrates to the thsﬁc point "L" gave 97% ilmenite and
35% gangus recovery, which ere in perfoct agreoment with the rasults
obtained when reagent umixztures were applied.



It was ooncluded firom these results that a fatty acid alone
oan be used for flotation vonditioning of ilmenite but 40% more
reagent is needed than that required in the case of the 1:1 fatty
acid/fuel oil mixture.

The addition of 2-10 mequiv. ferric chloride per kg solids
to the oonditioning tenk, befors or after the reagent sddition ( of
1.1 g/ktg of the 1:1 tall oil/fuel oll mixture ) 2id not affeot the
flosoulation-deflocculation pattern, except farr a small redustion in
the time of the induction period. This was shown by a comparison of
the power consumption curves for tests 142 and 145, where the pH was
constant, and for tests Nos. 144 and 140, vhere sulphuric acid was
added at the oharacteristic point "F® to reduce the pH to 8.5 ( the
ourves are presented in fig. 2.35 )o No ferrio chloride was added in
tents Nos. 142 and 1d4.

The ilmenits and gangue recoveries at point "L" were the
sane in tests Nos 143-148, namely mbout 95 and 857% respectively.
These resoveries were also the same at point "L" in tests 144-146,
being 93.5 and 935 reapectively. Theme similar results were obtained
dospite the fact that the initlal pH of the pulp was reduced by tho
HC1 formed on hydrolysis of the ferris ohloride, and despite the
fact that the fatty soid content was only 1.5 mequiv ( 1 mequivs.
toll oil = 550 mg ) as compared to 2-10 meguiv. ferric chloride.

The addition of 2-10 msquive. ferric chloride per kg solids
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FIGURE 2.235

POWER CONSUMPTION V. CONDITIONING TIME IN THE FRESENCE
OF FERRIC CHLORIDE
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m the deflocvulation period resulted in a reflocoulation as
shown by the power oonsumption ourves for tests Nos. 147 ( Pirst
deflocoulation at pH 6.5 ) and 148 ( first deflosoulation at pH 8.5 )
in fig. 2.86. Thias phonomsnon was similar to that observed when
sdditional reagents were added at the sams point "L, as shomn in
fig. 2.22 ( seotion 32.5.9. ) '

~The ilmenite and gangus reoénrien in both these tests
vere 95 and 85% respestively st the charasteristic point "F,", being
egual to the gospooﬂva recoveries in tést No. 146, at the sanme
initial reagent addition of 1.1 g/kg‘of the reagent mixture, but at
the ohu'nteri_atio poinb "1?1"0 Tha reagent regoveries were ﬁearly
31007 in all thres tests. The rougher conscentrates >of these tests
were thiomd, reaultiﬁg in the three teats in 95% ilmenite and
365 gangue recoverys: | B

Similar effects ier‘a obaerved when oleio acid/fuel ail

mixburas wers used. It was therefore consluded that the Fe'** ions
strongly activated the mineral surface, so that the depressive
.action of the HO1l set free ooﬁld not take effect. This activation
was strong enmough to permit adsorption of the desorbed reagents, “
but could uot prevant the normal desorption of the reagents. during
the defloooulation period.



FIGURE 2,26

POWER CONSUMPTION GURVES V. CONDITIONING TIME WHEN
FERRIC CHLORIDE WAS ADDED AFTER THE DEFLOCCULATION.
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9.4, DISCUSSION OF THE RESULTS,

The results presented in the preceding seotions 2.8.1i.-
2:5.12 can be summarized as follows:

When ilmenite ore was thimd with fatt& acids, such as
tall ol or oleic acid, and neutral oils, such as fuel oil or kerosene,
at pulp deusities of 70% solids, a bulk floooulation-deflocoulation
process was observed in the pulp ( 2.5.2. ). This process tiok place
when the inpelier speed was suffiocient to maintain satisfactory
movement of the pulp ( 2.6.5. ) and when the initial reagent sddition
exceeded & minimal 1imit which was related to the particle aize
distribution of the solids ( 2.8.8. ).

This bulk flocoulatic-deflocoulation process could be studied
by following the nett power oomnpbibn as a funotion of conditioning
tine for constent impeller speed or for constant agitation of the
pulp, since the floooulation gave rise to an increased apparent
viscosity ( 2.5.8. ). The power oonsumption curve, obtained by the
aid of a sensitive oleotriocal teat assembly, brought out five distinct
periode in the conditioning process, namely - the "induotion periodt,
the "flooculation period”, the "floosulstion peak”, the “deflocula-
tion period™, and the*dispersion period®.

The effeats of conditioning during these periods on the
flotation results were as follows:

During ths "induotion period” no seleotivity wes observed
and the quantities floated were small. During the "flocculation period”
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a gradual non-gseleotive increasss in the ilnenite and gangue recoveries
took place, approaching a maximun at the "flocoulation peak". In the
#deflocoulation period" the ilmsnite recovery contimued to inocrease
while the gangue recovery decreased, so that at the end of this period
mxlmwn ilmexite re'oovery with maximun flotation selectivity was
ovtained, that is maximum sra.de of ’ohe roughe:;- concentrate. iEhe
"dispersion periocd" thnt followed wlmd a srnduul aomua in both
the ilmentte and gangue recover:leao

Thoae periods made it possible to woaign oharaoter:l.atic
points along the power consumption ourve whioh revealed the following
yroperties (2.8.2. )t ‘

The flotation results obta:lne& at constant initial reagent
addition at a given characteristic point ( beyond the induction
period ) were the same, irrespsctive of impeller spesd, impeller
size, total nett energy input, and conditioning time required to
reach the oharaoteristie point. The flotation results obtainsd at a
given charsoteristic point were, however, dependent on the reagent
addition. |

Thus, the ilnerite and mue reccveriaa et a given
characteristic point inoreased wi‘kh inoreasing initial reagent
addition. The ilmemite recovery was usarly 100% end the selectivity
was o meximunm at the end of the mooui;tien pericd, when an
inttlal reagont adéition of 0.56g tall oil and 0.485g fuel oil per kg
solids was used ( 2.5.4. ). An inorease in the tall oil addition
above this optimal value resulted in inoress ing gangue recoireries,
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,whilo an inoreage in the fuel oil sddition did not affect the recove-
ries. Higher initial tall oil additions requirsd longer oconditioning
time to reach a characteridstis point in the dispersion period to give
the agme flotation results ( 9.5.8. ).

The reagent ooncentrations in the rougher concentrate wers
roughly constant at constant imitisl reagent addition in thg defloocu-
lation and Gispersion periods. A slight minioum was observed at the
flecoulation peak, followed by & small increase in the reagent
concentration. This showed that some reagents were transferred from
gengus particles to ilmenite partioles ( 2.5.2. ). The original
tall oil/fusl cil ratio, which varied over the range 2:1 to 1:2, was
always maintained by the reagents adsorbed on the rougher soncentrates
( 2.8.4. ). The reagent oonventration in the tailings was negligible
in all tests, and the reagents not avtcounted for in the flotation
products were found as colloidal suspensions in the flotation liquors
in quantities proportianal to the per cent weight of tho teilings
( 2.8.1. )o

The varigtion of the roagent conventrations in the rougher
concentrate obtained at the end of the deflogoulation period, in
dependence of the imitisl reagent addition, showed & minimum gt the
optinal indtisl repgent sddition mentioned above ( 2.8.8. ). Thia
mirimun reagent concentration gave mimimum average swrfacs coverasge
effective for flotation.

The flotation resulbs were not affected when the resgents
wers added separately, as & mixbture { 2.5.9. ), as an emuleion { 2.5.10. )
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or aven ata‘sa-wi.ao. during the induotion period; €lovculation period _
and flooculation psak ( 2.5.9. ). When a portion of the reagents wus
m during or even at the end of the deflocculation period, the

pulp re-flocoulated. The Flotetion results in this case were deter-
nined by the total amount of r'ea.gentn'added aud by the new characte-
ristio poﬂ.nt on the seoond flossculation-defloooulation oyole ( 2:8.9 )o
Such a re»tloowlsticn was obtained by additi.on of ratty acid only,
orﬂzelon onlyorofanixtweofbotho

A similer re-flocoulation was obtained whon 2-10 nequiv.
farris chlm‘ido was add.od during or at the end of the doﬂocouhtion
poriod ( 8.8.18 ). Additton of Parrioc ohlorida baforc or during the
flocculaticn peri.ad.‘ bad no affect on the flotation rusﬁlts, in .sp:l.te:
of thﬁ hydroshloric acld produced by hy&rolyuu_ and the low fatty
aold eddition of onir 1.5 pequdv.

Tall o4l and oleic acid were interohangeable ss Flotation
resgonts, and so were fusl oil, kerosens, end iso-ootane ( 2.5.1%. ).
Tall ofl or oleic sold only were effective as flotation resgeuts, tut
the reagent consumption wes grester than the sun of fatty ascid plus
asutrdl oil needed to obtain the same ilmenite and gengue recoveries.
The depandence of the flotation results on the charasteristioc points
of the power oWM curve was the sane whother the flotation
raagonts were Patty acid alons or fably aoia/neutral\od.l rixtures.

Addition of sulphuric aocid at the end of the flocculation
poak aocelsrated deflocoulation and cgused & more efficient dsprsssion
of the gangue ( 2.3.5. ). Beparate addition of the origingl slime
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fraction at the end of floocculation pesk resulted in & simllar acce-
leration of the deflooculstion process { 9.3.8. ). In this case the
resgents normally unaccounted for at the end of the defloosculation
period reported now in the rougher concentrate whioh contained ths
{inemite fines 2dded. The assays showed that the reagent oonsumption
of the finss was greater than that of the acarse particles. When
non-deslized feeds were conditioned at normal pulp demities of 70%
solids, bulk flocoulstion did not ocsur. It sould be induced, however,
by increasing the pulp demsity from 70 to 75-75% solids.

The condditioning process could be interrupted once or
several times by cleaner flotations at any point beyond the flooou-
lation peak, and could then be continued on the roughsr concentrate
only, or on the combined concentrate and tailings, without affecting
the final flotation results { 2.5.6. ). The final ilmenite and gangue
recoveries were slways & funotion of the final characteristio point, |
irraspective of the mumber of cenditiéning steps. The rougher congen-
trate oould be refloated many times in the same flotation ligquor
without any observed effect on the ilmenite, gengue, or reagent
racoveries ( 8.8.7. ). Lowering of the pH during reflotation cpused
& doprossion of tho gangue apd of the ilmenits, which was however less
selsctive than that obdained by lowering of the pH during conditioning.

The normal pstt snergy oconsumed up to the flocoulation
pesk at intensive agitation of ths pulp was 0.78 iiih/ton, and the
aott onergy oonsumed further until the end of the defloosulation
period wes 2.85 k¥h/ton ( 2.8.2. ). The latter could be minimiged to
& negligible value by evcelerating the deflocoulation, using either
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sulphuric oid or the criginelly removed fines ( 2.3.5. and 3.5.8. Yo
The former velus could be reduced dby usin;‘thei'hiéhent practical
jmpeller spsod and the highest prastionl pulp density. When the bulk
£losoulation-deflooeulation process took place at slow agltation
utensity, the energy consumed up to any partioular charasteristic
point was grester than when intemsive agitation was applied.

The ecorrelation established between the ilmenite, gangue,
and reagsut recovaries and the pattern of the power consumption during
conditioning, and the effects of the variables mentioned above on the
conditioning and flotation results, permitted the postulation of the
following msohanisn for the sucoessive sorption prooeuﬁeu of the
reagents during oonditioning aid flotation of ilmenite:

" o dispersion of the reagents in the pulp;
b. random alsarption by the &ifferent minaral speciess
6. Pormation of & "quasi-contimious” reagent fils on the
surface of the partioles;

4. rapid redistribution of the resgents in this film
acsarding to the specific adsorptive capacity of the mineral species;

&. bresk-up of this £ilu by deoreasing mumber of reagent
coated particles; |

f. dosorption of the reagents from the gangue particles
by attrition or by deliberate lowering of the pH;

g- similar desarption of the reagents from the ilmenite
partioles. |



This mechanism implied that the sonditioning prooess
proceeded from & state of all particles being non-floatable through
sucoessive stages of all particles being floatable, of iimenite
partioles being floatible and ganguo particles non-floatabls, to the
inal state of all particles being non-floatable, after prolongued
‘conditioning.

The above mechanisn was oorrelated with the power oonsumption
curve, whioh reflected the degree of bulk floogulation ( 2.3.8. ). It
was therefore exanined in deatail aceording to the five oharssteristic
sootions of this curve, while interproting the effects of the different
factor's on the conditioning and flotation results.

1. In the course of the "induotion perioi® the resgents
wore dispersed in the pulp by phesring forces and were gradually
captured by the partiocles through random collisions. This randon
sorption of the resgents was favoured by high pulp densities, high
reggent oontents, high impsller spesis, absence of fines, use of
emulsions, and presence of activabors such as Famp with the result
that the duration of this period was reducsd. The random sorption of
tho reagents was indloated by the absenos of selestivity in the
flotation results. The smsll mumber of particles odated with suffioient
resgents during this period was proven by the very low ilmenite,
gengus and reagent recoveriss. The rougher concentrate in suoh oaszes
oonteined only fines. '

2. In the course of the "flocoulation period" a progres-
sively inoreasing nmumber of particles wae coated with the reagenis
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through further random ¢ollisions with oll droplets and with richly
coated ‘pnrtioleao Tho hydrophobic coated partiocles adhered to each
other, and cohesive forces appeared in the pulp, as vefiscted in an
inoreasing powar consumption for maintaining the sims impeller speed,
and in increasing impeller speeds required for maintaining the sanme
pulp agitation ( as judged by obsarvation of the vortex ). The cchesive
forces in the pulp inersased obviously with the increasing number of
reagent coated particles.

This random inorease of reagent-ocoated particles was
evidenced by the progressively and eguslly iucreasing 1lmenite and
gangue recoveriss, and by the ocorresponiing inoreage of the resgent
recoveries in the rougher concentrate. The increasing ilmenite and
gangus recoveries were direstly propertional to the incressing power
oonsumption during this peériod.

“8inoce the particles were costimucusly moving as e result of
the agitation, but the ochésive foroes oombimied to increase, the
reagent had been spresd quickly on the surface of the resgent ovated
particles, ac that the pavticles were at all instances "bound” by
small oil "patobes”. The rapidity of the bulk flocoulation process
suggested that near its end the quiokly spreading reagentes had forned
a "quasi-sonbinucus® oil film over the Eurface of the mineral partie-
108, thorugh the #mall oil patches which bridged the particles that
wore perpstualiy in contact with ome another at any instant. This £ilm
is oonsidered to be analogous to the continuous oll £ilm in “water-
in-0il" omulsicns, in which the contimuity of the cil phase is statio,
whoreas in the present case, the dontinuity of the oil phase was



a dynanlé phenomenon, since the points of contgot between the moving
Moua wore oonstantly changing. The partionlar system formed was,
in fac'l;, a.ulogoun toa "water«inuou" suspension, in which the
mineral partioles played the part of filler of the oi]. phaae while the
water was dispersed within the interstices fomed. by the adhering
particles. |

i‘hus, the stabilitf of the aystem' was dependent on the water
oontent, the oil content, and ths partiole siu dstribution of the
ground ore. This systen ocoured therefore at auﬁ’ioiently high pulp
densities, which allmd the swirling particles under conditions of
constant @tuﬁim to be in ocontact with each other at any instant,
and st sufficient initisl reagent addition, which sllowed the coating
of a great number of particles with the hydrophobic reagents. Indeed
in the osse when ihe reagent addition was low or when the proportion
of water waé too high the bulk flocoulation; as roflected in an
incressed apparent viscosity, did not oocur, and a8 a result the
process of resgent transfer was considerably retarded since it prooeeded
through random collisions of particles, and not through a "quasi-
continuous® o4l phase.

The use of resgent smulsions socelerated the adsorption
of the reagents on a large numver of particles, but bscause of the
small size of the oil droplets formed by ohemical diapersien, the
formation of the "qmiccontinuoﬁ‘s" oll phase prooseded at a slower
rate, th?ough coalssoence of the tiny reagent patches on the surface
of the partiocles. This was reflected by the disappserance of the
"induction period" in the powsr consmmption ourve, and by the small



slope of the prolongued "flosoylation period”.

8. At the "flocoulation peak® the adsorption and random
transf'sr of the entire initisl reagent content had been completed,
and the "quasi-continuous” oil film was fully formed. As a result
bullz flocoulation was ot & maximom, snd mayimum power was therefore
consumed by the pulp when the initial vortex was maintsined. The
gquasi-continuous oll phase permitted very rapid rediatribution of the
reagents acocording to the speoific adsorptive capacity of the diverse
mineral species. As a result, reagente were transferred from the
gangue to the ilmenite particlss. These processes were evidenced by
an increasing ilmenite recovery and by a maximum gangue recovery, as
well as by a maxioum or complete reagént recovery in the rougher
concentrate.

Addition of reagentp at this stage resulted in their
immediate incorporation in the guasi-continuous oil phase, and their
inmediete diastribution along the minsral surface, as evidenced by the
reaseni: conoéntrations in the rougher ooncentrate samples, which were
the same as if all the reagents were added bvefore flocsculation.

4. In the course of the "deflocoulation period" the process of
.reagent redistribution was completed, resulting in richly coated
ilmenite particles end poorly coated gangue particles. The sttritien
in the highly dense pulp sooured the reagents from the poorly ccated
gangus partioles, on which they were now weakly held. The acoured
roagents appeared very likely as colloidal metal soaps, which adhered
to the mineral particles in the highly dense pulp of the conditioning
tank. In the dilute pulp of the flotation cell, hqwever, these colloids
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were dispersed as a slow settling suspension, and were therefore not
acoounted for in the reagent assays of the tailings. The resulting
depression of the partiocles was dependent on the initiasl reagent
sddition indicating that the particles costed with the least reegents
were deprensed first. '

At the end of the "deflocculstion periocd® the gangus recovery
levelled off at & value related to the initial reagent addition, while
the ilmenite recovery retained the maximal v;alue, which was &lso reia‘bed
to the initisl reagent addition. The resgent recoveries in the rougher
concentrate were roughly proportionsl to the per cent weight of rougher
concentrate. The concentration of the riagents in.'thé roushéi concentrate
increased however by a small degree, becsuse of the roagent tranafer
to the ilmenite particles at the beginming of this pericd.

As a result of the decreasing number of oil-coated particles;
the viscosity reﬁﬂt;ea graduslly and the quasi-contimuous oil phases
broke ﬁp { it should bve noted thet the volume ratio ilmenite/gangue
in the ilmenite ore was pbout 1:2 )o The 'aecreasina apparent viscosity
and thé diminishing bullt flooculation were of course reflected in the
decreasing power consumption of the pulp. At the end of this period
the original power Qonsumption value was roached, and the "mater-in-oil®
system returned to the initial state of an "oil-in-water" dispersion,
analogous to the break up of ta "Wateroiﬁwoil" eczulsion by coalescence
of the oil £ilm to small droplets. The transfer of the reagents from
the gangue particles to the ilmenite particles, at the beginning of
- this period, was in fact very- likely analogous to such a coalescence.
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Addition of sulphwric acid at the start of ths deflocoulation
period greatly acoeleratsd the descrption process since the acid,
which was immediately dispersed, was in direct contact with the entire
nineral surface. As a result, the reagents were immediately desorbed
from the poorly coated gangue partioles, possibly in the Porm of the
same metal soap colloids obtained by sttrition at oonstant pH. The
swiftly decreasing number of reagent coated particles was refleoted
in a swiftly deoreasing power consumption during this pericd. The
nunber of gangue partioles depressed was a funotion of the amount of
sulphurio aoid added and also a function of the inltial reagent
eddition which supports the suggestion of desorption from the poorly-
coated particles first.

Addition of fines at the start of the deflocculetion period
~ resulted in s fast redistribution of the reagents on to the fresh -
end extensive — ilmenite ares, which caﬁse& imnediate deflocculation,
gimiler to that observeld on addition of sulphuric soid. In this oase,
however, the rosgents desorbed from the ganzue particles were trans-
ferred to the iluwenite fines, so that almost all the initial resgent
addition reported in the rougher oconcentrate at the end of the
deflocoulation period.

Addition of activators such as Fe'*™ or of sdditional
reagents during or at the end of the deflocculation pericd resulted
in g re-flooculstion, indtocating the renewed formation of a "quasi-
continuous” oil phase. This phass was formed in the first oase by
re-adsorption of the descrbed reagents ( during this pericd ) on to
the freshly activated sites on the gangue particles, and in the second



case by the adsorption of fresh reagent on the gangus particles. As
a result of the newly formed "water-in-cil" system the entire reagent
content of the pulp m readsorbed, and was redistributed after the
flocculation peak was reached again, acocording to the specific aasorpe-
tive capacity of the n:inerg‘.l epecies. !L'he flotation results were therea
fore a function of the new oharacteristio point on the power consumption
curve, and of the tctal rea;eut sddition, a8 it‘ added hefore a normal
bulk flococulation. 'I.'he re-ﬂoooulat!.on took phoo 1rrespect1va of
whether the precedins deflocoulation ocourad through attrition at
constant pH or through lowering of the pK by auiphur:c acid eddition,
inﬁicaﬂns that the desorbed reagents were présent in both.: cases in
a émm form. It was established thé,t the second flocoulation-
defldoeulaﬁoh cycle completely:obliterated the yrevious conditioning
"history". o _ | |

5. In the course of the "dispersion period” fuz-ther. raggents
were d.esorbeé. from the x;emainiug reageﬁt ocoated gangue particles as
well as from the ilmenite particles through attri'bion in ‘the highly
dense pulp. This was revealed by progressively dzoreasing ilmsnite
recovery, and in some canss alao gangue recoveryo It was very likely
that resgent desorption subsequent to the flocoulation peak procep&ed.
at & roughly constant rate, so that all particles appromched graduslly
the threshold of ni.nim é.urfacé coverage, below which they were
rendered non-flostabls. This was supported by the Pact that inorease
of the impeller apee& during this period aocelemteﬁ the depx'-easi.on
of ilmenite, as ahm by the oloseness of the charaoteristic poiuts
L-Q in the case of ourve ITT ( see table 2.1 Yo The resgent recoveries



in the rougher concentrate continued to decicease in proportion to the
decreasing per cent weight rougher concentrste, while the reagent
concentration was nearly constant. The power consumption remained at
& value aqual to the original value at the atart of conditioning,
unless excossive aiaounts of sulphuric acid were added during
deflocculation. |

This postulated mechanism permitted interpretation of other
observed phenomens, such as repsated reflotation and reconditioning.
Repeated reflotations of a particuler rougher concentrate was made
possible by the faot that the reagents which had been adsorbed during
sonditioning at high pulp density were not desorbed at the low pulp
density in the flotation cell, unless the pH was reduced. Reduction
of the pH had the same desorpiivs effect as in the conditioning cell,
but it was less selective and the aocid consumption was greater because
of the largs volume of water.

The conditioning process could be continued after an
intermediate flotation stage since the reagents adsorbed during the
conditioning wera not affeoted in the ocourse of the flotation at low
pulp density. Naturally this was the case when the initisl conditioc-
ning had progressed at least to the floooulation peak, soc that all
the initiel rsagent addition had been adsorbed. Reconditioning of the
rougher concentrate only rendered the acid desorption process more
eooncmical as a major part of the acid consuming gangue had been
removed during flotation.

The role of fatty acid and fuel oil in the flotation of
ilmenite can be undersood when it is noted that the phenomena
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described above pocured when using different fatty acid/neutral 61l
mixtures, and also in the ebsence of neutral oil, though in the latte;'
oase the nscesaary initisl fatty acid addition was three times greater.
It should also be noted that there was an optimal initiasl fatty acid
addition giving best flotation results, end s minimumm neutral cil
eddition, which when exceeded did nobt affeot the flotetion results.
There were the gdditional facts that the initial fatty acid/neutral
¢il ratioc was always mgintained in the rougher congentrate and that
reflocculetion could be induced by fuel sil only.

These findings oan be éxplained by assuming that the fatty
acid was adsorbed directly on to the mineral surface at the active
sites, while the fuel oil was adnorbed on the non-polar ends of the
fatty acid molecules, aiways at the original fatty ascid/fuel oil
ratio;, and always acoompaﬁied the fatty acid in the course of reagent
redistribution, mdsorption, or desorption at the same ratic. The
minimum proportion of fusl oil was needed to give either minimum
surface coverage with ¢ minimum amount of fatty mocid or, slternately,
to rendexr the surfm covered by the falty acid completely hydrophe-
bic. When an equal amount of fatty aovid replaced this minimum propor-
tion of fuel oil, it was attracted to the free active sites on the
alrealdy suffi oiently coated mineral particles, so that a mucsh larger
anount was needed to give sufficient surface coverage to the resgent-
deficient partioles, or alternatsly, more Pfatty acid was required to
give the same degree of hyirophobioity as that of a smaller propor-
tion of fusl oil, which is complstely mon-polar.
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The. complex £lotstion oirouit of the Tellmes ilmenite (%)
involving @mt;oning at 70% solids and at pH 6.5, Pollowed by
thfee i'eéonditiaﬁing steﬁs at the same fmlp ﬂ.ensity and at the
respeot:l.vo pH values 5.5, 4.8 and 3.5, can be exyl&i.ned. when it is
assumwed that the ﬁrat oonditioning ;tep cmeaponds to the
"1nﬂnct10n per!.od" "flocoulation poriod" and "floeculation peaky.
Indedd, practioslly all the ilmenite and & mu part of the gangue
wers recovered dnring the rouéher flotation atage in the industriel
flotation oircuit. The three subsequent reconditioning stages, at
successively lowered pH Mues, befare 'the4 three flotation cleaner
stagen, corréépoma to thres stéps dcﬁg the "deﬂonculation period",
the gangue beins gradually demeued, while the ilmxxlte was little
affected.

The mechanism postulated and the yhonomens described above
were énminod‘ néxt n conneation with conolusions reached in studies
of similer metal oxide ﬂotation eonditioning prooansea with fatty
acids and hyarmhm. |

Ohi snd Young, studying the kinetics of flotation condi-

o gor ), .
(47 s observed

tioning of a hematite cre, using a fstty aoid reagent
that the oharadtoﬁuﬁc recovery v. conditioning time ourves for
féron oxide and sincs showed a maximunm recovery at roughly the same
time point, followed by a decrease end & levelling off of the two
raooveriéu at two different values; the velues of these réc'overieé
increnssd with ocollector concentration, These findings parellel the

behaviour of the ilmenite ore as discussed earlier in this section.
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Kun I ot al (5), studying flotation oonditioning of iron
ore with petroleun sulphonste end fuol oil, has cbserved that the
process begins with gll solids completely floatable and ends up with
only iron ore particlea floatable and silice particles non-flostable.
They have also observed a deorsase in the iron reoovery with oonditic-
ning tinme at the high impéllexr spseds.

A mechanien involving resgent transfar from the silics
partioles to thé iron partioles was postulated to oxplain the deorea-
sing silioca recovery with oonditioning time. Since no reagent asseys
were nsde, and since the iren ofq recovery was oonstant, it was just
as likely that the rosgents were dssorbed from the poorly coated
silica particles by attrition, as is dssumed in the praesent study.
Indesd; the characteristioc curves of iron ore and ailios recovery v.
conditioning time bore a remarkable resemblance to the corresponding
curves in this atudy, in the "deflocoulation pqrio@"o This indioated
that the adsorption of the reagents on the :iron oxide and silieca
was practioally instantaneocus, so that the inorease in recovery
characteristio to ¢the irduction and flotoulation periods wes mot
oserved.

The suggestion that the decreasing iron ore recovery at
high impeller spedds was due to degradation of iren ore particles
and incroasing surface srea was, however, unlikely. The present
study has shown that prolongued agitation of the pulp prior to
reagent addition had no effect on the flotation results at all cha-
reoteristic points, including the gradually decreasing ilmenite
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zecovery during the dispersion period. It i@, however, likely that
the fines serving as carriers soavenge the already desorbed soap
pa;-t:\.cles in the flotation liquor.

o Collins and Moir (88) suggested in the disoussion of Kun
1i‘s paper that the collector was onlar phyaioally adsorbed on the
silice partiocles, btherefore feaoted with the ;rar:lous vations in the
solution and vap thua deaorhe&o 'I'hia seomed unliholy sinoce the
present. study sugsested that tha collector was yre»nt as metal soap
partioles on the gangue surface, through reaction of the collector
ith the ostions adsorbed on the silica, which formed the actives
sites. These nosp particles w&e probably soowred i’rom the gangue
surt;aoe by sttrition or ;oy acid a‘ttaéko Indeed, even the presence of
210 mequiv. ferric chloride did not prevent the adsorption of only
1.5 meq,ﬁiv. fatty acld, and Purthermore, a,qoelséated it by Pormation
of a great munber of active sitss on the gangue partioléao

Runolinna ét al (1),, studying the agglomeration flotation
of Otanpaki ilmenite ore, have suggosted that the unselective floc-
ovlation of the ilmenite particles at the beginning of the conditioning
procens was oaused by the adsorption of a hydrophobic film en o
all 2014d4/1iquid interfaces. When conditioning continued for some
time the film was supposedly removed from the silicato minersls by
o1l droplets which had & stronger adhesion to it than the silicates.
The adhesion of the £ilm to tha" ilmenﬂ:e‘ aurfaoé was oonsidered strong
encugh to pernmit sgglomeration of the ilmenite particles by the oil.
The results of the prssent study indicate that this postu-

lated mechanism of selestive flocoulation of ilmenite partioles was
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not & oause of the selsctive flotation, but rather an equal result of

& oommon caubs which was proper hydrophobic surface coverage. The
flooculation of the ilmenite particles was in faot another manifesta-
tion of the oondiﬁioning pattern, whioch resulted either in non-saelec-
tive or in selectivs flooculation and flotation. The increasing non-
seleotive flocoulation of the pulp followed by smelective deflocsulation
which was observed in the present study was, in fact, s dynamic parallel
to the static observation of non-selective flocoulation followed by
selective floooculation on inorease of the conditioning time, whioh was
obgerved by Runolimng et al. Obviously, the partioles retalning suffi-
olient reagents to float; floocoulated under the static conditions of

the tests desoribed by these investigators (l)o

The mechanism postulated for removal of the reagents from
the silicate grains by a dstergent action of the fuel oil droplets (1)
was equ&lly unlikely. The presept study szhowed that desorption of
reagents from the gangue particles, in the courss of the "defloc-
culation pariod" oocurm#d both in the presence and absencs of fuel
oil, kerosens or iso-octane. It also showed that descrption and
dopression of the gangue started only after all reagents had been
adsorbed on the minsral particles.

The suggestion () that reconditioning betwsen cleaner
stages in the case of Tellnes ilmenite might be nseded because of itp
weaksr adhesion to the collector was unlikely. The present astudy
showed that onoe conditioned to a certain characteristic point, the

rougher congentrate could be refloated a grest number of times, without
loosing any of its resgents by "pseling off" through contaot with



the air bubbles in the fletation liguex
The differentes between the spreqding cosfficionte of

tall oil and of tall 0il/fuel oil mixtures sn ileenite pavriicles,
and of fuel oil alone on tall oil coated particles, determined from
monsurements oarried out under static conditions (fi), wore not

responsible for the dlffarences in flotation results under dynaule
condiﬁonao The flotation results were the same irrespective of the
order of the reagent additi:on &8 long as the gawe ohéraoteristic
point on the power consumption was reached. Indeed, the flosculation-
defloocuiation rocess ﬁocm'red equally well in the presence as in
theb obsence of the fuel oil; The high spreading ooefficient of fuel
oil on tall oilacoatéd partiolos explained, however, the very rapid
re=floosulation obtained by addition of fuel oil at the end of the
"deflocculation period®.

It was mentlioned in the coursé of the discussion of
Runolinna®s paper that agglomeration and flocculaﬂon were obaerved
in other aystems as well, such as Quaitetitenwblframite and sulfide
minersls, when olasioc acid and noutral olls M'uud as reagents, thus
inplying that the phenonenoﬁ wap porhaps & 8 more general cosurence.

Yoro detailed examingtions oi' & different system were
prosented by Pahrsmrald (#¥) ang cates (38) ahrenwsla desorived
"gmultion flotation” of @ manganese ore, with the néceasery reagents
boing a primary activating sgent and the emuleion consisting of a
neutral oill; soap and a wetting agent. He anssleated'a. nechanien very
similar to that postulated in the present study- Iﬁ was asgsumed that
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aoctivators like Fo'* aud Mn™ ions geve anchoring points to the polar
groups of the soap used as collector, while the neutral petroleum cil
which was added oovered the particles with a water-repelling surfroe.
The furthor suggestion, that the nesutral oil itself may aot as
oolleotor was shomm to be unlikely in the ocase of the ilmenite ore. The
present study showed that inorease of the tall oil eddition always
inoressed ilmenite and gangue recovery, while increase of the fusl oil
proportion, over & oertain minimum, 344 not inorsase the regoveries.

Pahronwald also found that the flotation results were khighest
at an optimuih impeller spesd and optimum conditioning time, indiocating
clearly that excessive oonditioning bed resulted in depression of the
mineral, analogous to that courring in the "dispersion period". Th
assumption of Fahremsald that the floococulstion was & result of condi-
tioning and thet flotation was e result of the flococulation, seens
however, unlikely, sinoe both flocculstion and flecatability were
nanifostations of the hydrophoblcity of the mineral asurfaces.

Gates has reached similer conclusions, using & mixture of
¢all oil sosp sikimmings, petroleum oil; end a petroleun sulphonate
wotting agent, for "agglomeration flotation" of a slallar manganesa
ore.

The similarity in the phenomena observed during flotation
conditioning of difforent metal oxides with differeim organic eoids as
oollcotors in mixture with neutral hydroocarbons, suggests that thé
"power oonsumption ourve" applied to oases where the pulp density
pernitted bulk flocculation, and the method for determination
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of organic acid and fuel oil oontent of flotation products were
inportant toois Por the elucidation éf thete phemomena. The lack of
these tools has resulted in conclusiens which seem to be incorrect,
11‘ an extrapolation of the prosent syltem to othe:r systens a]raady
discussed i pernﬂ.ssibleo The a,coumulated ev:!.dsnoe indiocates that 3.t
im. It is tharefore advisable to apply these toole to & reamminaa
tion of the otber systens, especimy sincs there peens t0 be &
oritical pulp dznsity which pemi.tn rlocoulation to take place in
the agitated pulps, giving rise to "quasi=oontinuous" o:ll phases
in which rapid readistri.buti.on of the reagents c&n Foouro

8.5. SUMMARY AND COHCLUSIONS.

1. An analytiocal method has beem developsd for the
dotermination of the fatyy scid and fuel oil contents of ilmenite
flotation products. It was necessary to sample the flotation‘ products
whils moist in order to jrevent reagsnt losses by drying of the
unseturated fatty aslds or by evaporation of the fusl oil. The
roagents wsre dssorbed from the moist samples by means of a' 3N sul-
Mc soid solutionm in 40% ethanol, and wers extrasted into pure
is0-ootane. The organic acids were saponified by N/50 NaOH in 40%
ethandl, and the scoompanying naa from the minsral samples é&a
removed by agitation of the acidified solution ( pH = 5.5 )o The
organio aoid ocutent was then dctermined by titration with K/10-5/60
NeOH solution, after adding further ethmnol to 60%, uaina tetra-iodo~
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phenol-gulphons-phthslein as indicator for the end-point of mineral
564d ( p 4.8-6.3 ) and diphenol-purple as indicstor for the end-
point of weak aolids ( pH 9.9-9.6 ). The fuel oll was dstermined in
the saponified iso-cotane extract by optionl density measurements

at 23¢mu. The mothod waz accurate and reproducible within 42.8%, and
was applicable to quantities as low as img fatty ecid or fuel oil
per 20g flotation product, that 4is 0.08 g/kg.

2. An electriocal test sssembly was designed for ocontrol
of the conditioning prooess and for acourate determination of the
power oonsumption during the conditioning of ilmenite ore with
fatty acid and fuel oll. It comprised a 0.04 hep., d.c. shunt wound
rotor with separate excitation, a oontrol unit containing sensitive
ourrent and voltage meters, and a constant d.c. power supply. This
teost assembly pernitted maintenance of constant impsller speed or
approximately oonstant pulp egitation during oconditioning, by
verigtion of the voltags soross the armature coll of the wotor. The
aenaﬂ:iﬁty of the measuring and oontrolling unit wes 0.4 watt nett
pover oonsunption. When no rosgonts were added the impsller speed
remainetl constant for long psriods. This was made possible by the
oconstant voltage across hoth the field and the armsture cells.

8. Addition of the resgents to an agitated Mp caused
1ittls ohenge in the power consumption during seversl minutes, termed
the "induoction period". The power consumption increased very rapldly
fromp an initial valus of about 8 watts to o meximum value of up to

85 watts in the following 1-8 minutes, termed the "flocoulstion
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poricd” , as & result of an apprsciable bulk floosulation of the .
pulp. The valus of the power coneumptien et the "flocoulation peak®
was dependent on the impellar spessd. The power consumption decreased
in the Poliowing 89 minutes, tormed the "deflocculstion pericd”,

a8 o resuit of & buli déflooouiation. At the emd of this period the
initisi power consumption valud was regd.uéﬁ,.um was oonstant on
fuirtnss oonditioning during the "dispersion Mﬁ“.

4; This pattern of the ponar eonuﬁnption v. conditioning
tine was ezanined in relation to the flotation results and to the
reagent contente of the flotastion products. Thess factors wers found
to be olosely related and made it possible to postulate s meochaniem
to explain the adscrption-dssorption phenomens tsking place during
oonditioning and flotations |

a- The reagents were first dispersed in the pulp end
adsorbed on a smsll number of particles of both ilmenite and gangue
during the "induotion pexriod”. l

b The reagents were rapidly dlstributed at random ovar
& grester mmber of partioles during the "flosoulation pericd"
repulting in the formation of & "quasi-continuous® oil f£ilm along
the minersl surfave, analogous to the oil film in "water-in-oil®
emulsions; ap & result of the cohesive foroes betwoen thé reagent
ooated pmioies the power oonsumption of the pulp increased repldly.

6. The reagents were rapidly transferred from gangue
partioles to ilwenite perticles when this "quasi-continuous® oil
film was ocomplete, all the reagents having besn adsorbed and distri-
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buted on a mazimum pumber of particles at the "floooulation peak®,
which were thus rendered flostable. o

d¢- AB a result of the naé poorly coated gangue particles
the cohesive foroces dedressed, and the power consumption decreased
during the "defloooulation periocd™, while the reagents were desorbsd
from these particles so thet at the end of this period all the
ilmenites and only e small proportion of the gangue were floatable.

e. The rosgents were further desorbed from the ilmenite
particles as well during the "dispsrsion period" resulting in
decrsasing seleotivity. |

bo The flotation results were always the same at a given
characteristic point on the power conpumption curve at which condi-
tloning was stopped, irrespesctive of the energy input, impeller speed
or conditioning time required to reach this point. The fletation
results at sny glven point on the power ocnsumption curve wers,
however, functions of the initisl reagent additions Z#i the pulp.

The optimum initial resgent sddition glving nearly 100% ilmenite
recovery et mawimunm flotation selectivity was 0.58 g tall oil nnd 0.45g
fusl oll por kg solids. Any inoresse in the fuel cil addition did

not improve the recoveries, while any :’m'crease‘ in the tall o0il ‘
addition inoreased the gangue recovery. | ‘

The originel ts1l oil/fuel oil ratic was always meintained
in tho rougher ooncentrate. When fatty acids alons were used as
flotation reagents the reagent consumpbion was 1.4g/kg a8 compared to

1.0 g/xg of the fatty acid/fuel oil mixture, This showed that the
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’fatty acfﬁ was the actual ;ollectar while fuel oil was needed at a
minimum proportion to render the surface completely hydrophobié-and
waé therefore only & promoter. Oleic acid and tall oil were inter-
changeable és collectors, while fuel oil end light hydrocarbons,
suéh as kerosens or iso-ootane, were interchangeahie as promotérs
for surface hydrophobicity. o

6. Repeated reflotations did not affect the flotation
reeults as no further reagents were desorbed at the low pulp density.
When the rougher concentrate was reconditioned at high pulp density
the process of roégent desorption proceeded as in the presence of
the gangue, and the flotation results were again a function of the
final point on the power consumption curve. '

7. The adaorption of the resgents could be acceierated by
high impeller apeeds and high pulp densities, so that the induotion
perica in particular and the floooculation period wars shortenedo
The desorption of the reagents could be accelerated by addit:on of
sulphuric acid or fines just bevond the flocoulation peak, so that
the deflocoulation period was shortened from 9 to 1 minuteo The
desorbed reagents did not report in the flotation products but
wore. found as a colloidal suspension iﬁ the flotation liquor. When
fines were used to acéelefate the deflocculation the desorbed |
reagentp were a&sarbed by the ilmenite fines added. The desorbed
reagents in fho oonditioning tank oould be re-adsorbed and.?edistri=
buted on the solids when reagents or activators such as ferric
chloride were added at the end of the deflooculstion period. The

new flocculation-deflocoulation sycle was equivalent to tﬁ;éfifst
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eyole from the view point of the flotation results.

8o The nett energy input requirsd to reach a given point
on the power oonsumption curve decreased with increasing impeller
spesd. The optimal values required to reech the flocculation pesk
and the end of the deflocoulation period, at nornal reagent adsorp-

tion-desorption at constant pH of 6.5, were 0.75 k¥h/ton and

5 kWh/ton respectively. These values could be reduced by aooeiera’cing
the reagent adsorption process and by eliminating the lengthy
deflocoulation period through addition of sulphuric acid or fines,

as mentloned above.

9. It was concluded that the correlation of the flotatiom
results with the pattern of the power consumption curve and with
the reagent oontents of the flotetion products revealed the adsorp-
tion-=-desorption phenomena of fatty aocids and neutral hydroearbons
on ilmenite. The same correlations may be applicable to other systéms
of metal oxides floated with similar reagents ( and possibly to all
systems whers flococulation was observed ) as somewhat analogous
results were reported in the literature but were not supported by
sufficient evidence.

The posasibility of establishing a power consumption curve
for different systems by means of a relatively simple and cheap
eleotrical test assembly has the following advantages:

8. determination of the optimal pulp density for bulk
flooculation - and hence formation of the "quasi-continuous® oil
phase - to ocour,

b. determination of the optimel initial reagent addition
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fron the flotation results at the flocoulation psak and at the end
of tﬁe deflocoulation period, h

¢. determination of the optimal energy @onsumptidn, and

do determination of the effects of various activators and
depressants on the reagent adsorption-desorption, and of the point
of their optimal applidaxioﬁ to the pulps being conditioned.

Since the adaorptionpdesorption kinetics of flotation
reagents on different mineral species can be determined by appiicae
tion of thése methods, the usze of analogue computers (27) would

become practical for the design of conditioning equipment.
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2.6, APPENDIX. (PART II)

The current passing through the armature of the d.c. motor,
when its field colls are excited, establishes a torque as a result of
whioh action the armature rotates. Rotation of the ermature induces
an ¢.m.f. which, aocoording to ienz's law, oppesas the flow of current,
and is referred to es the back e.m.f.

The power oonsumed by the armature of suoh a motor is
represented by _

(1) VoI = BoI ¢ IooR,

whera:s Va = the voltage applied aoross the armature, B - the bach
eo.mofo, Ia = the armature ourrent, and.Ra = the ohmic resistance of
the ermature. In equation (1) %he product 129Ra ropressnts the power
lost in the resistance and the product EOI& represents the power
aveilable for performing meohanical work, inoluding that lost by
Priction at the bsarings and brushes, and by hysteresis and eiroula-
ting eddy currents within the iron core.

Division of eguation (1) by I, gives

(2) V,=B+IR or EaV -I R

The baok e.m.f. ¢an also be determined from ordinary
considerations of flux, number of oonductors, and speed by the
relation »

(5) E=2ERB4v
where: g - the total flux per pole in webers, p - the number of

pairs of poles, N = the speed in r.pom., Z = the total nunmber of
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armature conductors, and 6 - the number of parallel paths through
winding between positive and negativs brushes.

Combination of equations (2) and (B8) results in

S50 '
(4 o i (VgT,Ry)
For any given motor 3, ¢, and p; are fixed and thus
When (5) is introduced in (4) the simplified relation
' ' V.=I 3
() N= =a£g-§-e-

resulted. As the value of I@R® 1s.usue.1ly less than 8% of \rag the
speed of a given d.o. motor may well be assumed to vary in direct
proportion to the applied voltage and in inverse proportion to the
field strength.

The mechanical power developed by a motor - EI_ = iz a
function of the torque T ( 1b/ft ) exerted ¢n the armature, mccording
to the relation |

() EH, - opantee hope = ~BENEAl2E vatts

Combination of (7), (6) and (2) results in

: (8) msaaqoowlg
showing that the ltorgue of a givgr.\ deo: motor is proportional to the

product of the flux per pole and the armature ourrent.

3:6080_Characteristios of the d.g. shunt wound mebor,

Relations (6) and (8) show that both the impeller speed
and the torque developed cen be lopt ;aénstant by keeping g and LA
(., and .‘hence IE ) constent. Constent 4 is obtained by applying =

constant voltage across the field resistance. Reletion (8) showa



that maximum torque is developed when this voltage is kept at a
maximum value.

As a result of keeping g constant, both N and T can be kept
constant or ocan be varied in proportion to the variation of the vwol-
tege across the armature. At oonstant g the meohanicel losaes
mentioned before were constent, and were proportionsl to N, and
hence to Va or Iao The electrical and magnetic losscs were propor-
tional to Ia or Izo All these losses oan be calibrated by determining
the power consumption when no load was applied ( V;;;ﬂ),aa a function
of the impeller speed N. The nett power svailable at any particular
speed can then be determined by subtracting this value from the
power consumption in the armature circuit when a load was applied
( vaLr }o Both the idling and load power consumptione are first
corrected by subtracting the respective ohmic losses in the armature
( 1%, and 19%_) at the two aifferent current valuos. The diffe-
rence in the armature resistance can be negieotedo The power
consunption in the field circuit iz roughly the seme at idling and
under load ( Vols ) and is cancelled by the subtraction

(9) (VgIp +Vixs - Io%R ) o (VI ¢ viZ: - %R )

vhioh gives the nett power consumption, Wbo

AU MR BN SN SR B ANl NN GEW  GNSS GRS GNSE RGP UMD GARS e Gttt e Gy Gesd Wwme S WOS | mmme

The characteristios of the d.c. shunt wound motor presented
above show that separate excitation is imperative when it is necessary

to drive the load at various speeds, sny one speed being mailntained
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constant for a relstively long period, and when it is deaired to
keép the exoiting-current in the field circuit entirely indépandent
of the load ocurrent in the armature.

_ There are two alternative methods for controlling the
§oltages aocross the two parts of the motor cirouit: by connastion in
series to or potentiometrically ecross the two coils. The flux
variation can be controlled b& & variable resistance termed a field
regulator, and %ﬁe arnature voltage variation may be attained by
means of a variable resistance termed a controller.

The main advantage of the potentionmetris 6ahnsction of
the field regulator is that the Pield oirouit of the motar is never
actually opened whilst bairying ourrent and that quite low values of
exolting ocurrents are available without the need of a relatively
high value for the fesiatancao In the case under consideration the
latter is of little value since the flux must be kept at the highest
possible lsvel. The mein advantage of the commection in series is
economy in power consumption, whilst & suitsble sequence of switching
( field on first, srmature on second, and armature off first, field
| off last ) prevents effectively the opening of the field cirouit
when ourrent is carried by the notor. The latter method wua cdopted
for the design of the test assembly.

Series commnection of the controller to the armature olrouit
is not desirable ae it reduces the speed of the motor with the logd
and as qpiﬁe high resistances are necessary if very low gpeeds are
»desiredo Potentiometric control is very conwenient for obtaining

reduced speed from small motors. Allthough the reduced voltage will
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will very somewhat with the load on the motor, the larger the

ourrent in the controller relative to that in the armature, the

more constant will be the voltage across the armature. This evidently
requires a low resistance in parallel to the armature. Potentiometric
control of the armeture cireuit was asdopted for the design of the

test assembly olirouit.

— D Gt s S W B SR G WD G e e WS Gaph G GG GaSs S GNP AN v weee D el G AR =

Preliminary experiments with a 0.25 hop.; d.c. motor have
indicated that the nett power consumption of 1kg batches of ilmenite
ore, -65#, at 70% solids, was about 10 watts in the conditioning tank
used. The motor finally chosen on the basis of these:@ preliminary
tests was a Parvalux type SD1, 0.04 hopo, do.0. shunt wound motor,
vith a field reasistance of 7200 ohm and an armature coil resistance
of 180 ohme A Westalite rectifier style DRT 288/2 with a d.c. ocutput
of 2.5A was used as a satisfactory constant d.c. power supply. Highly
sensitive ( 10000 ohm/V ) voltmeters and ammeters were used for the
measurenents,

The field coil of the motor was connected in series to a
1750 ohm field regulator, as shown in fig. 2,27, and the armature
coil was connected potentiomstrically acrozs a 200 ohm controller
( 1.54 ), as shown tn the same figure. Under thermal equilibrium
conditions in the oirouit resistances, obtained after S0 minutes
operation, the field regulator was reduced tc minimum resistance sc
as to pormit & maximum constant current of 0.053A through the field

ocoil, which corresponded to a conatent power loss of 8 watte.
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FIGURE 2.27

ELECTRICAL CIRCUIT OF THE TEST ASSEMBLY
FOR TH:Z CONDITIONING OF ILMEWITE ORE.
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Pstentiometrié,control of the field coil was not ﬁeceasarygin this
ééée, as & suitsble "on" and “off" ewitching Bégﬁenoe prevented the
aoéuél opening 6f the field ocircuit while carrying ourrénto Potentio=-
metric control of the armature was of.graat advantago as ié pérmifted
proportional variation of the voltaée applied across the armature
from O to 250V, the §urrsnﬁ in the'zbo chm @6ntroller baing sbout 1A
compared with 0.02-0.20A in the armature coil ( see preceding section
2.6.8. )o

The mofor waa run with no load at a series of speeds over
the range 400=2800 TePollo, by inocreasing or decreasing'the;voltage
applied to the armature oirouiﬁo Fig. 2.28 showa that the speed of
the motor was directly propoftional to this voltage when no load waé
applied to the motor. This relation was obtained after 50 minntes fronm
the start of the operation of thé motor and 3-5 ﬁinutes after any
change from ones value of the voltage to another. These duratioﬁs wore
necessary tovpermit thermal aguilibriﬁm of the resistances. Pig. 2.28
also shows that the ocurrent through the armatﬁre coil was also direoctly
propor£ionsl‘to the #oltage spplied acrose it. '

. The idling power losses were determined by subt?acting the
ohmic losses from the total power oonsumed during idling in the
armature ooilo The values obtained at different speeds were plotted
in fig. 2.39. The ourve obtained satisfied the empirical formula

B (20) w, = 0.51N% 4 1.88N + 0.02
where: w, - the 1dling power losses in watts, and N = the spsed in
105 r.pom. The idling power lossecs were roughly constant at any given
specd, and veried only slightly with the load applied; The nett power

consumption at any glven speed was obtsined by subtracting the idling
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FIGURE 2,28

HOTOR SPESD AND ARMATURS CURRENT AS FUNCTIOKS OF TiiB
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losges gh this spsed and the chmioc losses under the load from the

grosa;%cﬁer consumption in the armature coil ( relation (9) ).

R e WGP YR M e Gekd e A ammm S — - oy e

in thepo %eﬁta the load was a 1kg batch of crude ilmenite
at 70% solids, contained in a 150.110mm diameter glase conditioning
tank, and was applied to the motor by means of thres-bladed propellors.
‘Three propellors were used, with diameters 48, 66, and 84mm respecstively,
at an inclination of 20°, and with total blade areas of 4.5, 9, and 18
mmz respectively.

The values of the nett power consumption at different impeller
siges were presented in fig. 2-850 as a function of the impeller speed-
Figo 2.830 shows that tho nett power consumption was proportional teo
the impeller speed, the proportionality faotor being the same for all
three impellers. In eaoch case a lower spped limit was observed, at
which the pulp was berely moving, and s top speed limit, at which the
vortex desoended too low, ellowing air inteke at the blade plane, with
resulting strong fluctuations of both impeller speed snd power consump-=
tion. These thresholds were shifted towards higher spseds as well as
higher nett power consumptions when the impsller size decreased. The
"iso-effectivity” curves, giving the mzame pgitation.of the pulp, wers
approximately straight lines. The extent of the range of useful speeds
was therefore almost the same in all three oases. When teumperature
equilibrium wes egtaeblished, the speed and power consumption were
constent and reproducible within 22% for the sams welight of ilmenite

ore, at the same pizo dlstribution and at the sans pulp densitys
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FIGURE 2,50

NETT POWER CONSUMPTION AT DIFFERENT IMPELLER SIZds &F 707

SOLIDS AS A PUNGTION OF THY IMPSLLER SPEED.
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In some of the Hests the pulp density wes varied over the
g;ﬁge 6%05-?705% solide, while using the large impeller. The nétt power
consumption values at the different pulp densities were plotted as o
function of the impeller speed in fig. 2.51, end the same valves at
different impeller spoeds are presented as & function of the pulp
density in fig. 3.32. Figo 2.51 shows that the proportionality fsotor
bstween the nett power consumption and the impeller speed increaseﬁ
with increasing pulp density. Pig. 3.52 ahowé that the neté power
consumption inereased slowly at firat with inéreasing pulp density up
to about 70% solids. Above this value a point of inflection was
observed at all speeds, and the nett power consumption increased very
rgpidly with inoreasing pulp density. These curves aleo show that the
fest apsendly waa sensitive to power consumption variations of £0.1
watts at constent impeller mpeod. They also show that under normel
condition3'70% s8o0lids was the optimal pulp density, since the nett
powor consumpiion at this value was gtill comparatively lowo

In some of ¢the teats the distance betwesn the impeller
blade plene and the tank bottom was varied from 10 to 60mm. This
variation had no effect on the nett power consumption, 8o that the
impeller was aslways kept as low as possible, in prder to produce gdod
agitatidn ot eoven low speeds and in order to mininige gir intake at
tho higher spseds.

In gome of theAteats a spaller conﬁitioning tank ( 75mm
diaveter ) was used for conditioning of 400g batches of %lmenite ore
&t 70% solids. The variation of neti nowsr consumption with fmpsller

speed, iwpellsr sigze, and pulp density was the seme as in the larger
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NELT POWER COHSUMPTION AT DIFPERENT PULP DENSITIES
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tank. The nett powerAconsumption was spproximately the seme for esch
spee in both the large and small tanks, but owing to the smaller
amount of material the specific nett power eonéumption per kg solids
was 2.5 times grester in the smaller tank. This indiceted that the
resistanse of the pulp tovmove@ent wag practiocslly the same in both
cases and was due to geometricsl fachors.

The ratio between the nott power consumption and the gross
power consumption in the'érmarﬁume cirouit was ﬁearly 432 in 8ll cases
of impeller speed, impeller size, and pulp density.

This test sassembly wes omployed in the conditioning of

jlmenite ore with fatty acid and Puel oil as desoribed in part IT.

The oxperimental data obbained in the conditioning and
flotetion tests described in sections 205.1.=2:3.12. ars presented in
the foliowing tables, using the consesutive tegt numbers for reference.

The following avbreviations were employed for convenlencae:

$o60 = tall Oi.l»

fo0. =« fuel oll,
TsCo = rougher gongentrate,
foa. = fatty acid,

Ne Do neutral oil.

]
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TABLE ©2.8

Variation of the initlal reagent sddition, Conditioning until

the initizl spperent viscosity was regained.

Test |Initiel resgent| % who Res. | Recovery,% Reagent recovery
No. | sddition,g/kg | r.o. grade ilmenitﬁgangue in roCoy %
to0o f.00 £ 00 fo0o
1] 0,87 | 0.87 | 85.5 | 50.5 | 98 76 | 91 05
2| 0.8 | 0.82 | 82 5205 | 97 72 88 87
5{ 0,76 | 0.76 | 78 54,5 | 96 65.5 | 82 85
4| 068 | 0,68 |70 61,5 | 97.5 |48 78 7505
5| 0.615 | 0.615 | 66.5 | 65 98,5 |44 74 70.5
6| 0.58 | 0.58 |655 | 67 94 40 69.5| 72.5
7| 052 | 052 | 62.5 | 68.5 | oa 58 70 68.5
8 0,40 | 0.49 |57.5 | 68 85,5 |56.5 | 66 62
9| 0,48 | 0,48 |48.5 | 58.6 |65 55,5 | 5705 5505
10 | 0047 | 0.47 [58.5 | 56 49 50 49 47.5
11 | 0.46 | 0.46 |32 53 57.5 |27 45.5 | 4405
12 | 044 | Oose (27 48 29 25,5 | 41 41.5
15 | 0,58 | 0.8 |15 46 17,5 |15 58 86

Note: to0. = tall oil; f.0. = fuel oil,

ToBo = Prougher concentrate
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TARLE 204

Power consumption ( in watts/kg ) v. conditioning time, when the

inpeller spoed was increassd during the periocd of high viscosity

Tine Yoo i4 | Noo 15 | No. 16 No. 47 Time Ne.17 con=
mino . rin. tinued
8.2 7.8 Bo% 8.1
1 8ol 7.8 g.51 8.1 | a9 8.7
2 8.4 7.5 8.1 8.0 20 804
S 7:-9 7.8 7.9 7.8 22 8.4
4 7.8 | 7.8 7.8 7.6 24 7-8
5 7.8 7.5 7.8 | 7.5 26 709
8 7.8 | 7.8 | 8.9| 7.8 28 7.8
904 8.2 i1.0 8.7 80 7.9
1.2 9.5 25.0 | 10.0 40 7.9

2600 2002 5795 21,08
7.4 | 80.8 | 57.5 | 51.0
8% 57.1 | 55.8 | 55.0 | 86.2

8

8%

7 17,0 | 18.1 | 58.0 | 15.0
%

8

) 56,2 | 55.8 | 850.0 | 56.2

9% 35.4 | 50.6 | 26,5 | 52.5
10 28,2 | 26,5 | 20.0 | 27.8
104 24,0 | 21,3 | 19.1 | 25.0
id 19,5 | 17.8 | 20.0
1% 46,0 | 15,2 | 16,7
12 18,4 | 1405
193 11,9 | 12.5
13 11.9
14 11.5
15 9o
i6 8.5
17 2.1

18 8.9




TABLE 200

Power sonsumption ( in watte/kg ) v. conditioning %ime, when

the impeller speed was kept constant at 2100 ropoms (Curve II)

Time iNaogs Noozémeozéﬁ@o35NooagmoozsmoozzNaozﬁmgcgcxoo1smooia
Bin .
0 ToB{ 7B ToT| ToD] 8c0] 7o®{ Fob| ToB| To7 | ToB| ToT
2 7o4| 78 7oB{ 7o9| ToB{ 75| 7o6 7,71 7.6 705
4 80| To2| 7oB] ToB 7o8{ To6] ToB] 7B ToT [ 7o5| 7ot
5 65| 7o3] Tob| Tob| ToB] Tok| ToB| ToB( 707 | 75
6o 608] To3| 7o7| ToB| o8] Tod] 702 78| ToT{ 75
7 D8] To2| 77| Bo5| To8| 709] 7oH| 7o8] 709
75 | 906{10c1| 93] $.9{10.0| 9.0f 92| 7.5{10.5
8 | 12.0]13.2|18.9[18.515.5[11.542.5] 8.5
8 1504|1408 ]35.5]14.0{14.2{12.6{15.5 [12.4
g 1309|1405{15:4(14:7{14:7|18:9 1404 |15.5
o 14.4[14.9{15.9{15.5145.5(24.6{16.6[15.9
10 14.9| 16011402 {15.6]15:5[15.5{14.8]14.4
10% 140 9f 15:3{1405|15:6{15.5(15.5{14.8
31 1408| 140 9{ 14,9158} 14.8|15,5{14.8 g
115 | 1406[1408|1409(1501]14.5[14.8 '
12 1404 1407} 14.9{1409| 14.2{14,5 |
{ 13 1400] 1405{ 140 6{ 1404 15.9]14.1
| 14 1802|1808 14.0| 15.6] 15.6
15 120 5{ 120 7] 15. 6] 12,8 42,9
6 ; 11.5/14.5;12.5]11.5 continued on page 334
a7 9.8| 90.1/10.5] 9.6




TABLE 2.8
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Power consumption ( in watte/kg ) v. conditioning time, when

the impaller speed was kept constant at 1400 r.p.m.(Curve IIL)

No.38 N0057“N0056 Noo 55 | Noo 54 o 55 Vo, 53 Ne. 51 [Ne. 50 [No. 29 Tim@
' i - : _ e
8,57 8.6] 7.9| 8.6 8.5| 8.7) 8.4] 8.2] 8.6} 8.8] 0
8ol | 8c4] 7.9] B.4| 8.1 8.4] 8,5] 8.0! 8,6] 8.5 2
7.9 8.4 7.9! 8.8 8.1} 8.7 aoz’ 8.0} B.6| 8.8 5
7.8| 8.9| 7.9] 8.2| 8.1 8.7| 8.2] 7.9] s.6] 8.8 si
11.0| 11.5{ 8.5 10.9| 11.2} 11,71 12.0| 7.9} 1.9 4
18.9 | 22.0| 12.0! 25.0] 19.8{ 19.8 30.1} 12.0{ 19.9 af
28,1 | 25.0{ 17.9] 24.1| 28.5; 24.51 24.9| 20.1 5
25.0 | 25.0] 22,2 24.1| 25.5| 24.3] 24.9] 2¢.4 | 5%
21.7 | 22,0/ 22.2] 21.0] 22.0{ 22.1} 22.0| 24.5 6
20.5 | 29:81 20.2] 20.2] 21.2| 20.1| 21.0] 20.2 6%
20:0 | 8.9 18,5 ] 19.8| 20.5] 19,2 20.3) 18.1 7
19:1 | 18-4 | 18,7} 18,9 20.0] 18.5| 19.2| 18.4 75
1802 | 17.21| 17.9] 18,0| 19.1| 26.9| 18,2 16.9 8
1508 [ 18.2 | 1581 16.2] 18.5| 15.5] 16.0] 15.9 8%
1404 | 3401 | 13,8 15.5| 15.8| 14.9| 16.0] 14.9 9
13:0 {12.9 | 12.8] 14.5] 14,6 15.8| 15.5 8%
120 |32.5 ) 14.7| 22.4| 15.5] 22.9] 12.0 10
3102 |11,0 ] 214 | 11.5] 12.2| 32.0] 14.0 0% |
1009 1307 | 0.8 | 10,9 33.8] 12,3 {continued page 254)| 11
8.9 | 8B 251 120.0] 9.5] 9.9 12
92 | 9.0 8.8! 9.8 8.0 &3




PABLE 2.5 {conbinued)
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TABLE 2.6 (eontinued) -

Tim@pﬂbazﬁ No« 47§ Noo 26] 0. 25/ ‘ Time NQoﬁ@EN@o§%1HOe5§ No.85 Nooﬁéu
mine min
18 | 8.4 | Bed | 2od | 8.9 i& {1 9.0 | 8.9 | 8.8 8.9} 8.7
39 | 8.0 | 7.8 | 8.5 | 8.8 36 ) 805 | Bo8 | 8.2 8.6 8.8
280 | 7.7 | 7.7 | 8.0 | 7.9 38 | 8.4 | 8.8 | 8.0 | 8.6
22 | 7.5 | 7.6 { 7.8 | 7.7 20 | 8.0 | 8.7 | 7.9
2% | Tod | 7.6 | 7.7 32 | 7.9 | 8.7 | 7.9
26 | 708 | 7.6 | 7.7 2 | 7.8 | 8.6
80 | 78 | 7.6 | 7.7 28 | 7.8
55 | 7.2 | 7.8 §0 | 7.8 g
58 | 7.2 53 | 7.8 % g §
TABLE 2.7
Flotation resulits of ilmenite ore conditloned te differeﬁt
charsoteristic points on the power concumption ocurve type I
when the ispeller speed was increesed during the pericd of
ineressed viscosity { flosculation and defloccul&tion )
-
| Test|Time {Initlal vesgont | % whoi Roco | Recovery, % |Reagent recovery
Noo| min| edditien,g/kg |r.c. | grade filmenitegangue in Teo, %
Bole .00 ta0o fo00
14 ] 10%] Q.55 | 0.35 [75.5 } 57 97 68 87 1041
18 ) k| 0.84 1 0.84 |72 58.5] 986 55.5 o7 o8
28| 22k| 0.55 | 0.556 |68 81.6] 97 |45 85 88
77 40 0.88 i 0.85 | 28,5 60.5] 40 19.8 56 ’ 85,8
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TASDE 808

Plobtation resulis of ilmeniie ore conditioned bo differend

sherscteristic poinds on the pover consuwspbion curve type IT

whon the dapsller opeed wac kopt conthant ot 1200 r.poms

Test Time|Inltield rengent | % whe! Reood Resovery,® Roagent LECOVEry

Kool min. | addivion,p/kg | vooo |grede jilusnitdgangue in reG., %
t500 oo % A+ ) e 0o

8] & 0,85 Qo556 e 45 Gl 8.0 45 42
i) 8 0-64 0.854 |} 440 30.81 47.5 | 86 £ 30

20 & G. 55 0.58 1 68 48,81 69.5 { 58 78 &0

&i 110 0.54 Qch4 L 85 48 a9 82 29 o7

82 gii Co B8 D84 ;B4 &9 o1 81 102 99
23 333 $.58 0.85 ; 7¢ 53 88,8 | 67,5 402 o7
a4 148 .84 0:54 1 T4.5 | B9 97.&8 | 56 098 25
28,22 .88 Q.85 [ 87.85 | 0.5} 92 29,8 ] 76,8 73
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;60 74 8.8 | 20,51 65 63
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TABLE 3.9
Flotation rosulde of ilmenibe ore conditionsd to different
cheracteriztie points on the power consumption curve type IXI

when the impeller speed was kept constant at 1400 ropom.

Pest]Time IInitial reagent |% who| Rec. ! Recovery, % Reagent recovery
No.{min. | eddition,g/iig |[r.o- |grade Mlmenitegangue! in roc.,%
Bola fo0o % t.00 fo0o
ase 53 P 0045 7 Q.B481 44.8) 4.4 850 40 80 58
50§ 4kt 0.85 | 0.85 1 85 46 86 75.8] 95 05
83 8 0.54 0-84 1 74 808 97.6; 81.B1 98 20 .
52 | 2041 0.55 | 0.55 1 @6 65,5 8%F 41.5] 81 82
33 1 48 0.88 Q.58 ! 63 64 96 53.8] 79 78
541 16 | 0.5¢ | 0.5¢1 57 70 93, 28.5 71 71
85 1 48 o84 Q.54 1 53 7o 84.5: 24 65 &4
g6 § 28 0.88 Q.83 ; 47 75 81 22 80 58
87 ; 24 Q.58 0.53 ; 44.51 72.8] 7§ 2 56 56
58 i 52 2,88 0.85 i 28:81 88-5] 8%9.5 i 19.8! &7 56
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Fliebation reovliis of ilmenito ¢onditionad $o the chorecteristi
podnt LY on ‘he power ccensunptlon curve fype II et differsut

3mitiel reegent ndditdons over bhe rapze 0o78<%.ig/ke (1:1)

% b oif RoGo & %@omrery % ‘Ieagen‘ﬂ rEcovery
PoOo & reade :3 lmenitdgensud  in reg.,%
A to0o foo

1
Test Initisl venzent |
~ Hge J

&9 0088 0.88 1 16 46 18.6 ¢ 156 a8 38

&0 0.405 | 0.403 1 25,861 47 27 22 40 &2

éa, 0.445 | 0.445 1 85,5 ¢ 58 42 28 : 48 46
£2 847 | 0,47 |42 57 i B& 29 53 ¢ 62
i85 D40 | 0.48 149 ¢ B 66 | 85 i 59 | B8

a4 080 080 | 8.5 1 67 86 39 €5 638

&5 G.5: | 0.53 158.5: 68 80 40 6405 65

6 00577 | 0.535 ) 61.51 67.8 ©4 | 40 i €8 67

47 0o54 | 0.54 164 % 66 t e6 [ 42 | 72 72
, !

A8 575 | C.5TE (65§ 65 g6 | as | s 20

£9 .65 lowes {70 e ! or | sa | we 78

a0 Q.75 .78 |77 i B6 88 g2 : 80 | 8%

5 0.8% | 0.25 |86 85 98.51 75 88 68

58 0o88 | 0.85 |85 48 09 87 i 95 i 92

5 1,05 | 3.06 [99.5 45 | 200 99 R
1
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FABLE E.32

Flotetion resulis of ilnenite ore conditicned to the chorastoristis
peint B% er "NY on the power eonsumption curve type IT ab

difPeront initicl resgent addition over the rangs 0.9-2.4g/ks (1:1).

T L e L TR IR S LY nT -y AT WL e P A ey AT 4 N et oA v B ) WU e,
e : { 1
e ) :
Tost jInitial reagent | % wh:] Reo. | Becovery,# Reagent recovery
Yoo addition,g/lg | roee | grade Hlmmnitdzangu in Po®o 5
‘bo@ﬂ ! ‘f’oﬁ‘c % i to@o B ff:‘@o
S RO SO 3

thareeteristic point "ET

64 | 0045 | 048 1616180 | 70 |82 | 78 |78
85 | 0.55 | 0.85 [a7.5 | 48.5] 88 |81 | o8 o6
56 | 0.87 ! 087 |95 {47 | 98 |@8 | 98 08
87 | 0.65 | 0.5 hoo | 44 |im0 oo la00  Jion

Ghoractberisbioc point WHY

58 0ot | 0.64 | 18,8 | 4F 20 36 | s2.5 | 28
59 045 | G.48 | 39 58 58 20 87.5 | 57.5
60 0o82 | 0.5 | BO.S | 75 84 2¢ | B55:.5 | 5405
1 0.583 | 0:54 | 58.8 ! 75 50 26,8 | 57.5 | 58
52 0.856 ! 0.88 | 86 8.5 | 92 50 | @8 58
65 0.€5 | 0.63 | &1 83 24 54 | 85,5 | 65,5
84 Q.75 | Q.75 | 6405 | 65 95 45 |} 65.5 | 8705
85 0.80 | 0.8 | 70 60:5 ! 98 2 ! 7i.6 | 72
56 0.9¢ | 0,90 | 97 &3 88.5 | @4 77,85 | 79
a7 2.0 3.0 | 88.8 | 52 o7 78 85.5 | 85.5
&8 1ol 1.4 | 93 48 9% 90 o4 95
69 102 1.8 1995 § 46 100 (89 100 g9
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TABLE 2,319
S

O e AT

Fletation resulte of dlmonibe ore conditionsd to point "LY gt different

4ell olld ndditions and ab different Hsll 031/fusl oil robios.

% Teat Rogo | Reocovory,% |Reasgeat secoversy
g N ] (5] e
i Noo grede [1lmenitezangue in ToBe %
: ;g to@a £r0
70 Q.45 Q.28 | 57 88 49 24 48 80
74 0,585 Q.83 § 52 81:5 79.85 28.8 &4 6%

7 38 77 76.8
26 35 79:86 Ta-6

~3
oo
@}
o
@
<
)
[T
3]
o
en
(&)}

(SR

=3
n
o
o

(4
on
pas
3¢
€2
[+]

[}
[H
(3]
e
[02]
0

(424

74 Q.88 G.63 | 65 65 1223 84 75 76.3

75 0.85 G785 § 64,06 ] 62 98-8 | 86,8 | 74 77

78 085 Q.88 | 64 85 85,5 | 84,6 | 76 748
&4 8.6 | 78 75

T .83 0.85 | 8
7

| 97.3 {5
2 0.55 | .05 | 63.5 | 65 98,5

85,8 | 76 78

7o ol G.88 ¢ 19 4 BB 25,8 1| 40 30 .5 {38
g
s

80 045 | (.83 1 2 57 58 5.5 | 59,5 49
Lo D8 | 0.45 | 56 5851 49,5 | 80 a7 45
a2 045 | .55 | 87 58 48 22 49,5 45
a5 0:45 | .65 | 56,5 | 58.51 48.5 | 31 50 50
B 0,48 | 0.88 ! 37.5 1 8§7.51 £8.5 | 21 52 48
£5 .65 cors 1 48,5 | 86 59.5 | 80 54 5505
&5 G.85 | 0.85 | 42 &1, 85.5 | 85,5 | 76 76
&7 0.65 g‘ Ge45 | %0 69 99 43,5 | 77 79
8% 0.5 | 0,85 | v1 ! &1 7.5 | 45 77 79
89 0,65 | 0,85 | 69,5 | 62 o8 43,5 | 80 7.5
20 Oieh | @oas g 70 el 7.5 | 4 78.5 | 78,5

Fohar Bove = Bull 0il, f.0o = fuel oil,

PoGe =~ POUFha?Y soncenltrote



IABLE 2,15 = 240 =

Flotation results of ilmenite ore conditioned te point "L" gt
differont reagent additions, when the pH was lowered abt point "F",

T@at’ﬁ 80 QpH IInitial rasgent l% who Rodo Recoveryg% %{eagent recovery;
Koo m%qu% addition,g/kg {r.c. {grade filwenitdganguel in r.e.,%

{ %0, | fFooo % £000 £.00
o1 |0 le.5 0.40 [ o0.40 |84 | 715} ee 25 | 65 65
92 | 0 6.8 0.5¢ | 0.56 |63 | e7.5] 95 82 | 75 77
es |0 (6.5 0.62 | 0.62 [67.5{ 64 | 98 | 42 | 83 80
96 | 0 |8.5] 0.70 | 0.70 |74.5 | 58.86 | 99 56 | 88 89,5
95 | 2 |5.5{ 0,495 | 0,495 140 | 80.5] 78 15 { 55 | 52
96 | 2 [6.5] 0.545 | 0.645 |65 | 76.5( 92 16 | 65 68
o7 |2 [5.5] 0.59 [o0.59 |se {75 | o5 | 20 | 72 70
98 | 2 {5.5{ 0,74 | 0.71 |62 69 | $7 | 28 | 75.6 | 78
90 |4 |25 0,43 {029 |20 (70 a6 | 7 { 58 85
100 | 4 4.5 0.5¢ | .54 |42 74 74 13 | 56 54
202 | 4 Jao5] 0.62 | 0.8% {58.5 | 77 | 92.5 | 17 | 72 70
102 |4 [4.5] 0.70 |0.70 {59 {72 {955 [ ;1 | 75 72
105 |8 |8.5] 0.485 | 0.485 | 5 | 55 6 | 4| 14 13
104 |8 |[5.5] 0.5¢ | 0.54 |28 | 75.5 | 48 8 | s8 40
105 {8 [8.5{ 0.62 | 0.62 |42 75 73 15 | 56 56
108 |8 (8.5 0,70 |o0.70 la9 |80 [ 89 i5 | 63 60

Lowering of the pH at p.oint rgn

107 |24 [405] 0,60 | 0.60 [785.5 | 57 85,5 | 56 | 86 84




TABLE 2014

- 244 -

Flotation results of ths tests described in sections 2.5.6012.5.8.

{ Repeated flotations, reconditioning, addition of fines ) .

Test!lnitial reagent | % wt. RoOo‘ Recoversy, % Reagent recovery
No.! addition,g/kg | r.c.lgrade!ilmonitdgangue 4in r.o.,%
I t.o. £.0. ' % t.6. f.0.

208 | 0.675] 0.5751 90.5 | 247.5! 97,5 |84.5! 99.6 | o8
108a 85 65.5; 96 40 7¢ 72
109 | 0.56 | 0.56 | 65 64.5! 95 41.5! 78 75.5
130 | 0.54 | 0,52 |65 ;67 | 94 18 | m 73,8
111 | 0.56 | 0.56 | 62.5 { 65 95 57 74 72.5
111a 51.5 | 68 80 {29 65 65

! 111b 55.4 ! B9 56:5 }19.5 | 48 46
12 | 1.4 2.0 |63 |7 95.5 | 57 75 74
115 | 0.55 | Q.65 |61.5 | 70 96 85.5 | 75.5 7505
114 | 1.4 1.4 | 62,5 170 97 36.5 | 77 76,5
115 | 1.0 1.0 |61 69 95,5 | 55.5 | 99 87.6

Note: too. = tall 0il, £.0. = fuol oil

YoGo = Pougher concentrate




. TABLE 2,35

= 242 =

Flotation results of the tests desoribed in sections 2:5.9.-8.85.100

( Stage-wise addition of the reagents and addition as an emulsion )

Test |Initial reagent| % wto.! R.e. | Recovery,# Reagent rscovery
Noo | addition,g/kg | r.c. {grade }ilmenitdg in r.c.,%
 te00 fo00 % : t.00 - | £o0o
116 1 0.555; 0,855} 62 67 86.5 |54 ‘7"4 : 7809
117 0,565 0.56 | 62,6} €8 o7 85.6 | 77 77
118 0.66 0.56 | 61.5.] 69 o7 84 75.5 76,5
112 | 0.b54 0:.5¢ | 60.5 ] 69.5 | 96.5 |54 '75 75.5
120 0.61 0.61 | 66 65,5 { 98 41 84 82
121 0.615 ¢ 0.915: 91.5 ] 47.8 | 97 87 100 99
r 122 0.80 0.90 | 87.5 ] 64.5 | 98.5 ]42.5 } 85 84
128 0.61 0.91 | 68 65 87 41.5 | 81 85,5
124 | 061 : 0.91 |95 |46 |97 |89 [102 98
125 0.6 0.6 67 68 98 41 82 84
126 0.58 0.56 | 89 48,8 | 97 81 99 103,
27 0.565 | 0.565 | 61 70 96,5 }86 74 76
128 | 0.555) 0.555|50 | 71.5 |95 s |m 75
129 1 0,855 : 0.5565| 90 49 98 82 100 98,5
180 0.87 0.57 | 68 68 97 85 75 75.5
152 [ 0.56 | 0.66 {88 | 75 | 96,5 |20 |7 73

- Note: t.0. = tall oil, f.0. = fuel oil

»: PeBo = Yougher concentrate
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TABLE 2.16

Flotation results of the test desporibed in section 3.8.ii.

( resgent mixtures other than tall oil/fuel oil )

Test Initial reagent| % wt.| Roc. j Recovery,% Reagent recovery
No. | addition,g/kg | r.c. |grade jilmenitdgangue in r.0.,%
" Podo Do Qo % } foao N. 0o
tall oil = fuel oil
132 | 0.545 { 0.545] €0 47 96 82 o7 99
152a 50 75.5 | 85,5 |28 62 80,5
'oleio gcid - fuel oll
155 | 00555 | 0.555] 88.5 | 48 95 80 98 97
135a 57.5 | ¥ 82.5 's2 70 68
tall oll - fuel o0il
156 | 0.66 | 0.56 | 61 | e9.5 | 95 37.5 | 78 [ 75
‘olelo aoid - fuel oil
135 | 0.54 | 0.5¢ | 61.5 | 70 | 96.5 |83 76 | 77.5
61@:19’ asid - kerosene
156 | 0.55 | 0.85 | o1 ‘ 47.5 | 96 8% 99,5
157 | 0.56 ! 0.56 ! 60.5 1 69.5 | 94.5 185.5 | 77.5
, ‘ olelo acid - iso-octane
138 | 0.56 | 1.13 ' 932 48 97 84 |101
150 | 0.65 | 1.1 | e61.51 70.5 | 95.5 i%6 79
tall eil enly
140 | 1.55 ‘ 89 49 l 98  |81.5 ‘1@0?
140s 62 69 96.5 '35 75.5
cleic acid only
141 | 1.56 ' 187 |50 |or |79.5| 99
| 41s 62.5 | 69 97 %6 76
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TABLE 2017

Flotation results of the tests described in seotion 2:8.12.
( ferrie chloride addition )

o vt

Test finitial reagent | % wt.| R.c. | Recovery,% |Reagent reeovery
No, | addition,g/kg | r.c. |grade ilmenitdgangue| in r.c., %

£.00 £.00 % t.0. £.00
142 | 0.56| 0.56| 61 70.§ 95 57,5 74.5 76
143 ] 0.55| 0.55| 61.5] 69,8 95.5]| 56.5| 7605 77
144 | 0.54| 0.54| 51.5{ 79 95.5| 22 | es 68
145 | 0.55| 0.55| 50.5| 78 91.5| 25 65 87.5
146 | 0.555| 0.555 92 47 | 96 | 8 | 99 96
14%d| 61.5] 70 | 95 | s | 77 7505
147 | 0.545| 0.545] 91 48 95 85 95 98
147| 60.5| 69 94 85 74 76
148 | 0.55| 0.55| 91 47.8 95.5| B84.5| 98 99
148a 62 7o°5| % 87 | 75 7505

Note: taso. = tall oil, f.0. = fuel oil,

r.0. = rougher ooncentrate

Note to table 2.16:
foao = fatty acid, n.o. = neutral oil
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