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ABSTRACT  

An analytical procedure 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-ootane° The fatty acid was saponified by N/50 NaOH 

in 40% ethanol and determined in 60% ethanol by potentiometrio 

titration with aqueouli H010 The fuel oil was determined by 

optical density measurements at 224 mv0 

An electrical teat assemblyD  based on the dc,c0 shunt wound 

motor with separate excitation9  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 be correlated to the 

pattern of the power consumption variation during conditioning 

and to the concentrations of the fatty acid and the fuel oil, 

in the flotation produots0 These correlations have disclosed 

the sorption processes taking place during conditioning° 

The reagents were gradually adsorbed and then randomly 

distributed on the ore particles during a brief period of bulk 

flocculation° At the flocoulation peak9  the power consumption 

was at a maximumo  and maximum per cent weight rougher 



concentrate was obtained at practically no flotation selectivity. 

A "quasi continuous" oil film on the surface of the particles, 

analogous to the oil film in "water-in-oil" emulsions, permitted 

rapid re-distribution of the reagents from gangue to values. The 

reagents were then desorbed from the gangue particles during a 

period of bulk deflocculations  at the end of which initial power 

oonsumption levels were regained, and maximum ilmenite recovery 

was obtained at maximum flotation selectivity. Further 

conditioning resulted in desorption of the reagents from the 

limonite partiaeo as well. The initial fatty acid/fuel oil 

ratio was always maintained in the rougher concentrate. 

These flotation results were determined by the pattern of 

the power consumption variation and not by the energy 

consumption during conditioning, by the impeller speed used, or 

by the conditioning time; the latter three factors were, however, 

interdependent in the shaping of the pattern mentioned. 

The influence of different additional factors on the reagent 

sorption processes, in relation to the power consumption pattern, 

was also studied. These factors were: the fatty acid/fuel oil 

ratio, other neutral hydrocarbons, the addition of sulphuric 

acid, the addition of ferric chloride, and the addition of the 

initially removed slimes. 
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INTRODUCTION 

Two papers on industrial flotation of ilmenite were presented 

at the International Mineral Prooessing Congress in London ( April, 

1960 ). RunoliAna (1)  described a technique applied to this prooesso  

which involved long conditioning time at high pulp density without 

desliming° The conditioning caused a flocculation of the mineral 

and a dispersion of the gangue, resulting in selective flotation° 

It was considered that fuel oil played an essential part, both in 

flooculating limonite on the oil droplets and in removing the soap 

film formed on the gangue in the initial stages° 

idsmo (2)  described the teohnigne used for flotation of 

the TelInes limonite, which also involved conditioning at high pulp 

density with de:sliming° In this prooese however the fuel oil was 

claimed to be a froth modifier only° In addition it was found 

necessary to recondition the pulp.  at 70% solids between each cleaning 

step, 

Many interesting points were raised in the discussion 

following these papers, referring especially to the phenomenon of 

the soleotive flocculation of ilmenite grain and to the rather doubt-

ful analytical results of the rea,3ent contents in the rougher 

concentrates and tailings° The relatiTe impTrtance of tall oil and 

fuel oil in the ilmenite flotation was still open to question° 

Additional data was presented in the above mentioned 
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discussion to ii 	;rate the different phenomena observed in the 

flotation conditioning of metal oxides with fatty acids and other 

organic acids combined rith hydrocarbon such as fuel oil and 

kerosene. 

In a paper by Kun Li (5)  on laboratory flotation of iron ore 

simile n question were rained in connection with the phenomena oonur-

ing during oonditioning and flotation of such ores. An overall 

mechanism of reversible reagent transfer between ore and silica 

particles was postulated. It was suggested that the process involved, 

in the conditioning of iron ore began with all solids completely 

floatable, and ended up with only ore particles floatable and silicc-;, 

part;eleG non-floatable. It was claimed that this was contrary to 

what was generally believed to take place. 

Many questions were raised in the following discussion in 

connection with the phenomena observed and especially in connection 

with the effects of slimes and of acid, on the flotation results and. 

the effects, of energy input during conditioning on these results. 

The process of Tellnes ilmenite flotation had been modified 

rAl 
in 1960. The new flnwsheet 	involved conditioning of the crude 

ilmenite at 7 solids and at pH 6.5 with a 52 tall oil/fuel oil 

mi7ture, followea by flotation at 6.5. Tht rougher concentrate con-

taining all the ilmenite and part of the gangue was reconditioned 

at pH 5.5 and refloated at the same pH. This reconditioning in the 

cleaner flotation process was repeated twice more at the respeotive 

pH valuos of 4.5 and 3.5, resulting in a final concentrate contai-

ning ilmenite and part of the pyrite. The latter was floated nt pH 1 
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together with a major part of the adsorbed reagents, leaving a clean 

ilmenite as tailings 

• The complexity of this process and the many questions raised 

in the above mentioned discussions have suggested an investigation 

of the phenomena ocouring during conditioning and flotation of 

metal oxides with fatty acids and fuel oils In this study it was 

decidellto establish the correlation between the flotation results 

and the sorption of the two reagents on the values and gangue par-

ticles as well as with the power consumption during conditionings 

High accuracy in the experimental approach was emnhasisedo 

The system chosen consisted of an irow-titanium mineral - 

the Telines ilmenite - and es reagents - oleio acid or tall oil in 

mixture with fuel oils 

To make possible the desired correlation it was necessary 

to develop two experimental tools : 

as an analytical method permitting'accurate assay of the 

reagent contents of the flotation products, and 

bs an electrical power assembly permitting sensitive and 

accurate control of the impeller speed, accurate determination of 

the net power consumption in the conditioning tank, and highly 

sensitive reaction to small changes in the power consumption due 

to reagent adsorption or desorption processes. 

The development of the analytical methods follows in part lo 

The development of the electrical power assembly and the actual 

conditioning and flotation tests are described in part 20 



PART I 

1 DEVSLOPEENT OP ANALYTICAL =HODS FOR THS DIELIMINATION 

OP FATTY ACIDS AND FUEL OIL ADSORBED ON MNITS 

FLOTATION PRODUCTS 
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.10 INTRODUCTION 

A:rioted range of relent concentrations on the flotation 

.preaueteo 

Tall oil and fuel oil are the particular reagents employed 

in the flotation of ilmenite° These reagents are usually applied in 

quantities of.i0Og tall oil and 800g fuel oil per ton solid feed (4)0 

Assuming that 95% of the reagents are adsorbed on the values and 5% 

on the gangue minerals, and that the weight of the flotation concen-

trate and tailings are 55 and 65% respectively of the initial feeds  

the following reagent onoentr tions could be expected: 

205g tall oil and loft fuel oil per kilo flotation concentrates  

0007g tall oil and 0005g fuel oil per kilo flotation tailings 

The methods to be developed for assay of these reagents 

should cover these expected ranges of concentrations° Concentrations 

of this order of magnitude require sensitive assaying methods of 

semi-micro or micro type° 

10140 Literature surmy0 

An analytical method for the determination of tall oil and 

fuel oil contents of ilmenite flotation products was applied by 

Runolgnna et al (1) It consisted essentially in extracting the 

organic matter with ether from samples dried at 50°Cr  followed by 

potentiometrio determination of the fatty acids and gravimetric 

determination of the fuel oil° 
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3xamination of the reoulto obtained (1) raised many doubts 

in connection with the applied procodurer  since less than 50% of the 

reagents were accounted fora  It was concluded on the basis of these 

ass ,.s that the adsorption of tall oil on the mineral surface was 

unaffected by the conditioning time while the adsorption of fuel oil 

increased with oonditioning time° It was shown in other experiments (1) 

that the adsorption of tall oil required long conditioning time while 

the adsorption of fuel oil took place rapidly,' Thee findings appeared 

to contradict those revealed by the analytical procedure° No evidence 

was presented to the effect that the strongly adsorbed reagents were 

completely extracted by the ether° Consequently the method was considered 

unsatisfactory° 

A literature survey was therefore carried out in order to 

find an appropriate method for desorption of the re outs as well as 

analytical methods for determination of the two reagentsp tall oil 

representing fatty acids and fuel oil° 

* e 

Desorption of organic matter from mineral eurfaces is 
•••••••••• 0 • • • 6 • • • • • • • • • 

achieved by several methods° Ono of the standard methods is combustion 

of the organic matter° This was applied by Balint (5)  to the case of 

oleic) acid. adsorbed on pure quarts and hematite° The.0O2  produced was 

adsorbed in an Orsat type unit allowing determination of the carbon 

content of the initi > 1 mineral oample0 This method was not suitable 

for a mixture of two organic reagents as it was desirable to differen-

tiate between the tall oil and the fUel oil° In additiono  the 
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industrially processed minerals might contain varying amounts of 

organic matter. 

Steam distillation has been used for removal of organic 

matter from solids or from aqueous pulps. The possibility of adapting 

this method. to the desorption of tall oil and fuel oil from ilmenito 

flotation products was not investigated. 

A considerableport of the reagerts adsorbed on the surface 

of the Tellnes ilmanite flotation concentrate is removed by a flotation 

process at a pH value of i (4). It should therefore be possible to 

strip the organic reagents adsorbed on the flotation products by c 

using a strongly acidic medium. The desorbed reagents could then be 

extracted into an organic solvent whioh should be immiscible with the 

aqueous pulp. 

Acidification of' Kraft black liquors and treatment with 

petroleum ether have enabled the desorption of the tall oil (6). 

Oleio'aoid was desorbed from magnetite by extracting with ethyl 

ether in the presence of 2N sulphuric acid M. 

Determination of fatty acids has been achieved by many • • • !" • 

methods which include potentiometrio, oomplexometricv  and conducti- 
• • 

metric titrations9  speotrophotometrio and colorimetric measurement:4 

and paper and gas chromatography. 

A standard method for determination of the saponification 

value of oils involved'heating in a NA alcoholic EON solution fol-

lowed by titration with N/2 HC1 solutions, using phenolphthalein as 

(6) indioator 	0 cola saponification of fatty acids was also possible: 



the solution solution of fatty acids in petroleum ether was mixed with an equal 

volume of alcoholic KOH solution and was left standing for 12 hours at 

room temperature,, when the excess KOH was determined with HCl solution(9)0 

Both methods were suitable for the determination of 1-4 grams fatty aoid° 

The first method could be modified to permit direct titra- 

tion with a N/2 aqueous NaOH solution, by dissolving the fatty acids in 

neutral alcohol° This modified method was adapted to miorodetermination 

of fatty acids tgrucing N/100 aqueous NaOH solutions free of CO2 (10), 

In addition to these aqueous or semi-aqueous media employed 

for aoidimetrio titration of fatty aoids various organic media were 

also shown to be applicable° Fatty aoids contained in petroleum pro-

ducts were dissolved in 1:1 bonsane-isopropanol and were titrated with 

00 KOH in dry isopropanolt  using op.naphtholbensene as indicator (11)0 

Weak organic acids were determined in the above mentioned medium or 

in 1;4 bensene-methanolo  using alcoholic KOH or sodium methoxide 

solutions as titrants9  in the presence of thymol blue or bis(2,4-dinit-

ropheny1)-methane respectively (12)° A slightly modified prooedure 

was introduced by dissolving the weak organic acids in 1:5 methanol-

benzene and by titrating with 00 sodium methoxide in 1:5 methanol-

bensene9  in the presence of thymol blue 13)0 

In most oases the same media could be employed either for 

direct determination of the fatty aoids with NaOH or foi inditeot 

determination of the alkali exoesso 

Oleic acid and sodium cleats solutions wire analysed by 



precipitating with with standard CaCl2  solution followed by complexio- 

metric determination of the Cael excess with BDTA in the presence 

of iminoxide (14)0 

Small amounts of monobasio fatty acids were determined by 

converting them to their methyl esters in methanol solutions in the 

presence of sulphuric acid as catalyst; the esters were then determined 

colorimetrioally as the ferric hydroxamates (15)a 

Aqueous solutions of N/20 oarborylio acids were titrated 

conduotometrioallymith N/25 Peas  solutions (W. 
Infrared speotrosoopy was used in order to determine the 

various fatty acids (i/418)  and in order to investigate the changes 

in the oleio acid caused by adsorption on quarts, hematites, limonite 
• ' and magnetite (19r7)  

Paper and gas chromatography were applied for the determi-

nation of the various fatty acids and resin acids in tan oil (2(421) 

Determination of fuel oil by spectrophotemetrio measure- . 	4 	10 • 0 0 	• 0 P 	• 0 0 

ments was indicated by preliminary experiments(22)c Measurement of 

the optical density of fuel oil solutions in isooctane in the 

ultraviolet range has made possible the determination of small 

concentrations of the standard Neel tractor oil used 

* * * 

1.1030 Proposed research tor development of the analztioal methoase 

The above literature survey indioated that acid stripping 

in the presence of an organic solvent would make possible the reco-

very and the desorption of the reagents from ilmenite flotation 



products. This must be followed by determination of the two reagents 

contained in the organic solvent° 

Spectrophotometrio measurements might provide a solution 

for the separate determination of the tall oil and the fuel oil° In 

0880 of mutual interference the tall oil must be separated from the 

fuel oil. A likely method for this purpose involves saponification 

with an aqueous alkaline solution into which the organic acid 

content is transferred° The two reagents could then be determined 

in their respective hydrocarbon and aqueous media. 

As tall oil oonsists of a mixture of fatty acids and resin 

acids it was necessary to develop the analytical method for a pure 

fatty acid such as oleio acid. This might then be extended to 

determination of tall oil. 

The approach to the solution of the above mentioned prob-

lems involved the following steps; 

a. determination of fuel ale  oleio said and tall oils, in 

iso-octane solutionsp and possible mutual interference of these 

constituents; 

b. determination of oleic acid by the potentiometrio 

titration with alkali; 

o. saponification of the oleic acid with aqueous NaOH 

solution and determination of the NaOH excess by potentiometrio 

titration with Ha; 

do saponification of the oleio acid while in iso-ootane 

by means of an aqueous NaOH solution and its extraction into the 
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latter; 

e* acid stripping of oleic acid and fuel oil from the 

mineral surface and their extraction into iso-ootane; 

f. application of the above steps to crude tall oil and 

fuel oil mixtures. 

1.2. DI/MU/NATION OP FUEL OIL. 

102.1. jntroduatorzremaxts. 

The optical density of fuel oily oleic acid and refined 

tall oil in iso-ootane solutions has been measured before (22)  in 

the ultra-violet range. The absorption spectra of fuel oily oleic 

acid and refined tall oil showed a maximum at 22541,0 At this wave-

length the values of the optical densities of these three substanses 

at equal concentration were in the ratio of 50:1:100 respectively. 

Fuel oil could therefore be determined by this method in 

the absence of tall oil* It should be pointed out that the optical 

density of crude tall oil might be even higher than that of the 
. 	, 	. 	. 

refined tall oil. The possibility of'applying this method for the 

determination of the fuel oil was investigated in detail* 

1.2.2. Suitability of isollotane as solvent* 

Spectroscopically pure iao-ootane was prohibitively 

expensive for an analytical procedure connumimg large amounts of 

solvent* For this reason the absorption spectrum of Ordinary 

analytical grade isocooctane was first determined and presented in 
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fig. 1.1. The speotrum obtained shows that the optical density of 

the analytioal grade iso -octane was negligible at 223mp and it was 

therefore suitable as solvent for the fuel oil determination* 

All optical density measurements were carried out in a 

Unice= SP 800 epeotrophotomoter. Two milimetor fused milieus cells 

were used and the optical density of iso-ootane was measured against 

air. In all other tests the optical density of iso-octane solutions 

was measured against pure iso-octane. 

Very slight contaminations affected the optical density 

measurements. Evaporation of the highly volatile solvent also caused 

an inorease in the optical density9  possibly because of an enrichment 

in the light absorbing contaminant present in the analytioal grade 

iso-octane. 

A high degree of cleanliness of the apparatus employed 

in the method was therefore imperative. It was also found necessary 

to use well stoppered cells and containers, to use in all tests only 

glass apparatus, and to calibrate frequently the absorption of the 

reference solvent. The precautions taken in this manner have ascer-

tained satisfactory accuracy in the measurements of the optical 

density in iso -octane solutions. 

1.2.3. Absor2tionveotrum of fuel oil in iso -octane solutions.  

The optical densities of fuel oil in iso-ootane solutions 

were measured at different wavelengths* The absorption spectrum of 

one of these solutions is presented in fig. 1.1. The spectrum in 
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FIGURE 101 

ABSORPTION SPECTRA OF PURE ISO=OCTANE ( AGAINST AIR ) AND OF FUEL 

OIL SOLUTIONS ( AGAINST ISOOCTANE ) IN THE PLTRA,VIOLET RANGE,' 
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OPTICAL DENSITY OF FUEL OIL AT 224pµ AS A FUNCTION 

OF ITS CONCENTRATION IN ISO-OCTANE SOLUTIONS° 

Fool oil concentrations  g/l 



fig..lil. indioates that a concentration of fuel oil below 0025g/1 

..is.required for accurate determination. The maximum optical density 

was attained in the wavelength range 224-2254u. 

The range over which the Beer-Lambert law was valid was 

.determined by.measuring the optical density of iso-octane solutions 

containing 9.0570.5g/1 fuel.oil at the wavelength 224410 The optical 

. -densities were presented as a function of the fuel oil concentration 

in 	Fig. 1.2. shows a linear relationship between the 

optical density and the fuel oil .00noentration in the range below 

0.5g/10 This relationship was expressed by the fOrinula; 

optical density m 5 . concentration (. in g/1 ). 

1.2.4. AbsorItion4spectrum of oleio acid in iso-ootane solutions.  

It was necessary to assess the possible interference of 

oleio acid with the fuel oil determination. The absorption-spectrum 

of oleio acid in iso-octane solutions was determined in the ultra-

violet range and is presented in fig. 1.30 The spectrum Obtained 

shows that the optical density of oleic acid was a maximum at the 

wave length interval 224-22641. Consequently oleic acid might 

interfere with the fuel oil determination. 

.valuation of the validity of the Beer-Lambert law at the 

maximal absorption wavelength established the order of magnitude of 

this interference. The optical density of iso-ootane solutions 

containing 0.05-5.0g/1 oleio acid was measured at 224mg. The optical 

densities of the oleio acid solutions are presented as a function 

of the concentration in fig. 1.40 
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FIGURE 1.3 

• ABSORPTION SPECTRUM OF OLEIC ACID IN ISNOCTANS SOLUTIONS ( IN UoV0 ) 
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OPTICAL DaNSITY OF OLEIC ACID AT 226mg AS A FUNCTION 
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Figo 1.46 shows a linear relationship between the optical 

density and the concentration of oleic acid in iso-ootane solutions 

over the range studied. This relationship was expressed by the formula: 

optical density m 0.16 0 concentration ( in g/i ), 

* , * 

Comparison of the two formulae correlating the optical 

density and the concentration of fuel oil and oleic acid respectively 

in iso-ootane solutions, demonstrated that the optical density of 

fuel oil was 50 times higher than that of the oleic acid at equal 

concentration. Since the oleio acid/fuel oil ratios employed in 

ilmenite flotation vary from 5:2 to 1:1, oleic acid could not be 

determined by this method in the presence of fuel oil, and it also 

interfered to a small extent with the determination of fuel oil, 

At oleic acid/fuel oil ratios of 1:1 the additional optical density 

due to the oleio acid was 5% of the total optical density. 

1.50 DSTERTINATION OF THS OLEIC ACID. 

105.10 Smonification of oleio acid. jy  aqueous NaOH solutions.  

Small quantities of oleio acid were treated with an excess 

of aqueous N/10 NaOH solution and agitated with a magnetic stirrer. 

Visual observation indicated that small flakes of saponified oleic 

acid remained undissolved* Whereas heat is used in normal saponification 



procedures (8)  to facilitate dissolutions  it could not be used in 

the, present case where the aim Ras' saponification of the oleic acid 

while in iso-ootane solution* 

The suspensions of undissolved oleate wero titrated 

potenttomotrloglay with A NAo npl solution mut the 0 'FRI:god wore 

measured after reaching equilibrium. The results of some of these 

titration are presented erATIO,nAIly in f1 	Xt sna4  elliwva4 

that the oleatO ion can not be distinguished from the carbonate ion 

but is easily distinguished from the free alkali. 

The end points of the titration were presented in table 

1.1. In all titrationsreported in this part the end points were set 

at the midpoints of the respeotive inflections in the potentiometrio 

titration curves as shown in fig. 1.50 

End point results of the potentiodetriotitrations of sodium 

oleate suspensions in water with aqueous NAO HGI solution. 

.Initial oleic 
acids  meq. 

NAO NaOH 
totalsml. 

p/io NAM 
ex6esdsml 

p/io Na.,,COn  
ml.' ' 

Oleio acid 
found, meq. 

1.6 1 	24.5 164 1.0 z 	0.75 

0.8 I 	24.75 15.8 100 0.795 

1 
0.55 	.  10.0 • 6.55 0.4 1 	0.515 
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F/GURE 105 

POTENTIONETRIC TITRATION CURVES OP OLEATE SUSPENSIONS WITH H010 
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Table 1.1 shows that the 'cleats ion was only partially 

accounted for by the potentiometrio titration with H010 The amount 

of oleate was determined by correcting for the carbonate content 

of the NaOH aliquot used for the saponification. 

The experimental results suggested that the oleic) acid 

was not completely saponified before the titration. A suitable 

reaction medium had to be used for complete dissolution of both 

the oleate and the free oleic acid. The medium should be immiscible 

with the iso-ootane in order to permit extraction of the oleio acid 

from the iso-ootame solution. Mixtures of water and ethanol could 

fulfil these requirements. 

105.2. Sarnification of oleic acid 1,41:17a0H solutions in ethanol-water. 

Oleic acid was oompletely dissolved in N/10 NaOH solutions 

to which 20% by volume ethanol was added. The solutions were 

titrated with aqueous N/10 HC1 solutions and the end point results 

are presented in table 1.20 The table shows that almost all the 

ofeic acid was accounted for. Liberation of free oleic acid as a 

turbid emulsion was however observed in the course of the titration.' 

It was therefore necessary to determine the minimal proportion of 

ethanol required. 

The ethanol/water ratios needed for complete dissolution 

of oleic acid were determined as a 1Unetion of the elide acid 

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

shows that an 106:1 ethanol/water ratio was a minimum for the titra- 
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&Id-point results of the potemtiometrio titrationu of sodium 

oleato solutions in'20;0 ethanol with aqueous 11/10 HCl solution. 
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tion of podium oleate with aqueous HCl solution. The volumetric ratio 

.was reported in relation to the sum of the NaOH and MC, volumes 

consumed. 

The suitability of this minimal volumetric ethanol/water 

ratio for the potentiometric titration of podium oloate was examined 

in the following testa. In each of these tests 82 ml ethanol were 

added to .10 ml of aqueous 00 Na011 solution, oleic acid was intro-

ducedp and the solutions were titrated with aqueous 00 HC1 

solution. The potentiometrio titration ourvea era presented in fig. 

1.7 and the end-point roculte in table 108. 

Thin procedure rya crosa-obecked in the following manner: 

samples of oleie sod were eisselved in 	of ethane' and 

water and were titrated with N/10 aqueous NaOH solution; the excess 

of NaOH was then back titrated with aqueous 00 HC1 solution. The 

potontiometrio titration curvea are presented in fig. 1.8. The dif-

ference between the titration end-points was equal.to the Napt. 

oontent of the 00 NaOH aliquot. 

Sxamination of figures 1.7 and 1.8 shows that the potem-

tiometrio titration curves were smooth and that 4iatinct end-points 

could be obtained for both free NaOH and podium oleate in the pH 

intervals 11-9 and 5-4 respectively. Table 1.5 shows that the 

entire oleic: acid content 117,04 determined by this titration. 
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POTENTIOMETRIC TITRATION CURVES OF SODIUM OW TL SOLUTIONS IN 
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TABLE 145  

End-point results of the potentiometrio titrations of sodium 

oleate solutions in 1.6:1 ethanol/Water with aqueous 00 HC10 

. . . . 	. 

Initial oleio 
aoiap men. 

N/10 NaOH 
totalv ml. 

0052 9085 

00258 9.85 

0.129 9.85 

TABLE 1.4 

End-point results of the potentiometrio titrations of sodium 

hydroxide solutions in 108:1 ethanol/waterp left in open beakers 

for different periods 

Period before 
titrationpmin0 

N/10 NaOH 
totalpml. 

N/10 NaOH 
exoessoml. 

N/10 CO:-  
m10°  

CO: 
' meq0 

5 1000 9055 0.45 00045 

55 10.0 9050 0070 0007 

60 1000 9005 0095 00095 

100 10.0 808 102. 0.12 

Wio NaOH 00 CO--101eie acid a emeesseml. 	ml. 	Ifourta, meq. 

404 

808 

708 

0045 
	

005 

0045 
	

0026 

0.45 
	

0016 
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1.5.5. The rate of CO2— absorgtion ythe alkali solution in 1.6:1 

ethanol/Water. 

It was necessary to determine the rate of 902 absorption 

from the atmosphere by NaOH solutions in 1.6:1 ethanol/Water. 

Mixtures of 10 ml N/10 NaOH solution and 52 ml ethanol were, left 

standing in open beakers for different periods and. were then tit-

rated with N/10 HOl solution. The potentiometric titration curves 

are presented in fig. 1.9 and the end-point results in table 1.4m 

These results show that the 002,  was absorbed from the 

atmosphere at a rate of 0.05 raoq per hour and in order to avoid 

errors in the oleic acid determination the oleate solutions in 

1.6:1 etInnol/Trater must be titrated as soon as prepared. 

It was found unnecessary to use special CO2-free NaOH 

solutions because standard N/10 NaOH solutions, containing 5-5 

equivalent % of CO21)  did not significantly absorb further CO2  

when kept in ground-gl sr doppered bottles. As a further precaution 

it was necessary always to withdraw the NaOH aliquots by means of 

mechanical pipettes and to calibrate frequently the 002  content of 

the 4/10 NaOH solution° 

105,4. The NaOH excess rernired for Quantitative saponification° 

Various quantities of oleic acid were added to a series of 

10 ml aliquots of 00 NaOH solution to neutralise 10-90 equivalent % 

of the NaOH present° The solutions were diluted with 52 ml ethanol 

and were titrated with N/10 Hal. The potentiometric titration 
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TABIA11105  

A-.71a-peint results of the poteutlometrie titrations of sodium elects 

colutionS in 106;1 ethanol/Water at different NaOH excesses with 

atlooas 	HGI solution.,  

N/10 MOH total, 9.95 ml.; N/10 CO 	0.8 m3. 

Initial oleic 
acad, meq. 

A/I0 NaOH 
excesspml 

A/10 oleate 
founds  ml. 

Oleic) acid 
foundsmaq 

'Error„ % 

-..--- 

0.0 9065 0.0 0.0 0 

0.106 8.60 1.05 06105 -1 

0.222 7.50 2.15 0.215 45 

002 6.85 2.80 00260 -5 

00597 5.75 5000 00590 -2 

00515 4.55 6.10 0.510 -1 

0.650 5.50 6015 006115 	-206 

0.728 2.45 7020 0.720 	-1 

0.791 1.95 7070 0.770 	-2.5 

0.925 0.55 9010 0.910 	-105 

. . 

Gurvoti are presented in fig. 1010 tend 'the end-point results in table 

Table 1.5 shows that en error ( max. deviation from the 

=am ) of 4.% was obtained if oleic acid of 98% purity was assumsdr  

and therefore 1 meq. oleic- acid equalled 289mg0 This accuracy was 

canooded in the range below 100% excess Na0Hv  and the most suitable 
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FIGURE 	 1010 

PLITOULOYETRiC TITRATION CURVES OF N/,0 NaOH IN 106:1 ETHANOL/WATER 

PARTIALLY NEUTRALISED BY OLLIC ACID WITH AQUEOUS N/t0 H010 
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range was 20-100 excess NaOH with respect to the oleic acid present° 

Fig° 1010 shows that distinct endpoints were obtained 

for both free NaOH and sodium oleater  at pH 11-905 and pH 404-508 

respectively*  over the entire range of 10-900P; exoess NaOH0 

These results demonstrate that 50-200mg oleic acid 

could be quantitatively saponified in a mixture of 10 ml 00 NaOH 

solution and 52 ml ethanol*  and that the amount of oleic acid could 

be accurately determined by potentiometrio titration with aqueous 

00 H01 solution° 

lo a SEPARATION OF OLEIC ACID AND PULL OIL DISSOLVED IN ISOACTANE0 

104°10 Soonification of oleic acid dissolved. in 5.w-octane° 

It was necessary to separate the oleic acid from the 

fuel oil by quantitative transfer Prom the isooctane phase to the 

aqueous alkaline solution° The feasibility of such a process was 

examined in the following tests° 

Mixtures of oleic acid solutions in isooctane and of 

NaOH solutions in ethanol-,water media were strongly shaken by hand 

in 50 ml ground.glass stoppered test tubes*  and the emulsions 

obtained were rapidly transferred into centrifuge tort tubes and 

centrifuged for 45 minutes at 5000 rqum° 

Samples of the iso-octane phase were analysed by mea-

suring the optical density at 224m Samples of the alkaline layer 
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A highly stable emulsion was formed when attempting the 

saponification in the absence of ethanol. Prolonged centrifugation 

produced a cloudy NaOH phase and a clear iso-ootane phase with a 

jelly like interface. Addition of ethanol to the system resulted in 

less stable emulsions which separated in the course of 2-5 minutes 

centrifugation° The minimum amount of ethanol necessary for good 

phase separation was 40% by volume of the alkaline phase0 

Results of the saponification of oleio acid in iso=octane solutions 

byNAO NaOH solutions in ethanol-watero 
-r 

11/10 NaOH Initial Ethanol' Isd.00tane/ 
al. 	 oleic; 	ea' 	mlo I (NaOH Ethan  

teidvm1 	, nbl) ratio 

5 

00502 	- 0 

00251 	0 

00251 

0.251 

00261 

5 	0 	-4 1  0.101 

3.0:1 	00250 

400:1 	00241 

Oleic , 
I
airror ' Optical 

mid 1 96 density 
found 	. 224mli 
zneq, 	1 , 7_.1._ 	,--........ 

i• 	. 	• 
0°506 j 4,8 0.185 

0 

5.6 

0 were subsequently pipette& into beakers containing 50 ml ethanol 

and were then titrated with N/10 HO1 solutiono The results are 

presented in table 106. 

TABLE 1.6  
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Optical density measurements of the iso-octane phase showed 

the presence of a reciduc whioh was proportional to the initial 

concentration of oleic acid and inversely proportional to the amount 

of ethanol added. The optical density of this residue corresponded 

to 10-15% of the initial oleio aoid concentration ( see 1.2.40 )0 

The contribution of this residue could be negleoteay since the con-

tribution of oleic acid itself to the optical density of fuel oil 

was only 5,1; of the total at customary 1:1 oleic acid /fuel oil ratios. 

The residue itself was not an organic aoid since the results in 

table 1.8 indicate complete saponification of the oleio aoid. 

The distribution of ethanol between the aqueous alkaline 

phase and the iso-octane phase was examined in the absence and in 

the presence of oleic acid. It was found that practically no 

ethanol.was left in the isooctane at 2:1:5 ethanol/rater/iso-octane 

ratioes  in the presence of 0-10g oleic acid per 10 iso-ootane. 

Contact with alkali solutions in 40A ethanol did not 

affect the optical density of iso-octane when oleic acid was 

absent. 

1.4.2. The NaOH excess required for guantitative extraction of 

oleio acid from iso-octane solutions. . 

In order to determine the necessary excess of Na0fis  

several 10 ml aliquots of isooctane solutions containing varying 

amounts of oleic acid were shaken with 5 ml Wio NaOH solution and 



8 ml ethanol. After centrifugation the iso-ootane layer was analyzed 

by optical density measurements and the ftlkaTine layer by potentio-

metric titration. 

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-octane 

layer was roughly proportional to the initial oleic acid concen-

tration but was negligible from the view point of fuel oil deter-

mination. 

Table 108 shows that an excess of WO; NaOH was sufficient 

for quantitative extraction of the oleic, sold. The difference 

between the initial quantity of the oleio acid and the quantity 

found was W. over - the entire range of MOH exoess. 

104.5. 811ponification of oleic acid in iso-octane solutions in the 

icesenoe of fuel oil.  

The saponification procedure described in 1.4.2. was 

applied to aliquots Of iso-ootans solution containing varying 

amounts of oleio &bid and fuel oil. After centrifugation the iso-

octane phase was analyzed for fuel oil and the alvoline layer was 

analysed for oleic aoid. 

The results presented in table 1.9 show that the Na01.11, the 

ethanol, the oleio acids, and the oleate residues in the iso-octane 

did not affect the accuracy of the fuel oil determination. The 

error was W. The results presented in table 1.10 show that the 

fuel oil did not interfere with the oleic acid determination. The 



    

Initial oleic 
acid, g/i 

Optical density 
at 224mg 

Equivalent oleic 
acid concentrati 
on, el 

% of initi-I 
al oleic 
acid 

    

.00.•••••••141.141.110411.1....o• 

0.945 0005 0019 20 
1.89 0.025 0.16 805 
2084 0.059 0.57 15 
5.78 0,075 0.48 12 
4.75 0.105 0.645 15.5 
5.87 0.125 0.78 15.7 
8.85 0.198 1.24 18.5 

m 59 0 

TABLE 1.7, 

Optical density of iso-ootame solutions after saponifioation of the-

oleic amid. 

TABLE 108 

Endvoint results of the potentiomatrio titration& of alkaline sapo-

nifioation mediums after extraction of the oleic acid from ioo-cotane. 
. 

Initial oleic 
acidp meg. 

N/20 NaOH 
totalomlo 

N/20 NaOH 
excess.ml. 

Wao CO 
ml. " 

- 
Oleic acid 
foundpmeq 

Etror 

0.0492 9.2 7.85 	. 0.45 0.049 ...-0.4 
0.0985 8.95 6.75 0.45 0.0978 4.7 
0.1475 902 6.05 0.45 • 0.147 .0.4 
0.197 911 5.1 0.45 0.195 , 	4.0 
0.246 9.35 4.25 0.45 0.2485 	= 	+100 
0.295 9.05 5.25 0.45 0.295 	0 
0.544 8.85 2.55 0.46 0442 	406 
0.00 8.85 8.4 0.45 

NaOH blank 10.05 9.65 0.4 
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Fuel oil content of the iso-ootane layer after saponification of oleic acid. 

Iso - 
octane 
ml. 

N/10 I 
MOH 
ml. 

Ether. 
nol 
ml. 

Oleic 
acid 
SA 

Fuel 
oil 
g/1 

Optical 
density 
224mµ. 

Fuel oil 
foundoel 

Error 
% 

5.0 000 000 0.0 5.08 2.50 5.0 -1.6 
4.0 0.0 900  0.0 3.81 1.95 3.85 41.0 
15.0 5.0 5.0 000 2.54 1.38 2.525 4.6 
15.0 500 5.0 0.0 5.08 2.62 5.025 ...1.1 
15.0 500 5.0 4.74 2.54 1.35 2.52 4.8 
15.0 5.0 5.0 2.37 2.54 	f 1.55 2.52 -0.8 	. 
15.0 5.0 3.0 2.37 5.02 2.76 5.045 .4.7 
20.0 5.0 5.0 5.55 .5481 1.90 5.80 -0.25 

TABLE 1.10 

End-point results of the potentiometrio titration of saponification 
mediums after extraction of the oleic acid from the iso-octane layer. 

Initial oleic 
acids  meg. 	. 

N/20 NaOH 
totalcmle 

N/20 NaOH 
exoessoml. 

N/20 00„, 
ml. ' 

Oleic acid 
found,meq. 

Error 
% 

0.0 
0.0 
0.0 8.9 8.25 0.65 
0.0 9.05 8.5 0.55 
0.2505 9.5 4.05 0.6 0.2525 +0.8 
0.10 8.2 5.7 0.6 0.125 4.6 
0.125 9.0 6.5 0.6 0.1255 +0.4 
0.2506 9.95 5.9 0.6 0.2525 40.8 

NaOH blank 104. 9075 0033 
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It was thus demonstrated that the saponification method 

made possible an effective separation of.oleic'acid and fuel oils  

While thi individual analytical methods permitted aoourate deter-

minatioU of their oonoentrations in the respective phases. 

1;5. DDT 	CATION .0111  TALL OIL.  

.10/010 Direct determination of the ormio acid content of tall oil. 

It was desirable to study the adsorption of fatty acids 

and fink oii on limonite flotation products in the case of crude 

tail oil, .The analytical procedure was therefore adapted to the 

determination of tall oil and fuei oil mixturess  and in this adapta-

tion the following steps were considered: potentiometrio titration 

of tail oil iolutiOns in ethanol-witer media', saponification of 

tail Oil in iao-Cotates  and the possibility of interference of the 

tall oil and the fuel oil. 

Small amounts of tall oil and oleio acid were dissolved in 

ethanol')  H01 and HaOH were added', and the resulting solutions were 

titratei With N/20 HaOH'Solution. Tables 1.11 and 1.12 show-the 

iCteUtiometric titration end-point results. The amount of organic 

acid contained it the tall oil was fop:Sato be equivalent to 80% of 

its wAght expressed in oleio aoid. 

1.520 Indirect determination of tie orggnicaoid content of tall oil. 

Small amounts of tall oil were dissolved in 25 ml ethanol', 
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TAMS 2.11  

End-point results of the potentiometrio titrations of oleio acid 

solutions in 1.6:1 etWanol/Water with aqueous 	Nen solution 

Initial oleic 
tads, mg 

11/20 NaOH 
oonsumedoml 

i 	20 CO:-  
ml w  

Oleic acid 
meq 

found 
mg 	• 

Error 
% 

. 0 065 0.3 

80 5.9 0.5 2;585 81 41.2 

82 6.05 .0.3 2.90 85 41.2 

94 6.8 0.3 3.28 94 0 

'BULB  1.12  

Bud-point results of the potentlometrio titrations of tall oil 

solutions in 106:1 ethanol/water with aqueous n/go NaOH solution.. 

Initial tall 
oils)  mg 

n/20 BUM 
oonsumed9  

ml 

00 00: 
ml ' meq 

Oleicacid found 
mg 

Oloic acid/ 
tall oil 
ratio 

11.2 0.95 005 0.0325 9.2 0.82 

35.1 2025 0.5 000975 2706 0.785 

85.6 5.15 0.5 0.2425 68.5 0.8 

155.7 7.9 0.5 0.58 107.7 0.795 
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excess of N/20 Na04 solution was added, and the solutions were 

titrated potentiometrioally with Wilo HU solution. The potentio-

metric titration curves obtained for tall oil were similar to those 

obtained for oleic aoidl  as can be seen from fig. 1,41 and fig* 1.100 

The end-point results presented in table 1.173 show that the 

organio aoid content of tall oil could. be  accurately determined by 

the potentiometric titration. Bach gram of tall oil contained 2.75 

meq. organic !bids*  which is equivalent to 0.8 gram oleic aoid. By 

using the factor 1 meq. = 564 mg tall oil*  the amount of tall oil 

.present could be calculated from the difference between the titration 

endpoints*  expressed in miliequivalents. The error was Macao It 

was impossible to differentiate between the fatty and resin acids 

by means of the potentiometrio titration* 

Visual observation indicated, completedissolution of the 

tall oil in the ethanol or in the Alkaline solutions in ethanol-

water. The tall oil remained dissolved in the bourse of the titration 

with the liG1 solution* ' 

l.5.3..81:ionifioatiOn of tall oil in iso. 00tane solutions. 

It 'was impossible to disadelto tall'oil completely in iso-

oetane. 4180mg.sample of tall oil was therefore treated with 50m1 

_ino-ootane and. the resulting suspension was centrifuged. Two 20m1 

-aliquots Were withdrawn from the clear 'solution. These aliquots as 

• well aa'the. temaining solution;; containing the entire residues  were 

saponified with N/20 Ne04 solution in ethanol-water*  as described 
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FIGURE 1.11 
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TABL.111A  

End-point results or the potentiometrio titration of saponified tall oil 

solutions in 166:1 ethenol/Mater with aqueous N/20 HC1 solution. 

Initial 
tall oil 

mg. 

A/20 NaOH 
total, ml 

N/20 NaOH 
exoess,m1 

N/20 GO:-  
ml ' 

Tall oil 
found, 

meq 

Equivalence 
factor 
meq./g 

Error 
% 

32 6.0 3995 0.55 0.087 2.'72 -1.0 

81 9.8 4.9 0.55 0.2275 2.80 +1.8 

82 908 4.95 0.55 0.225 2.75 0 

111 9.8 5.5 0.55 0.5075 2.77 +0.8 

124.5 9.7 2.45 0.55 0.545 2.77 +0.8 

15505 967 0.9 0.55 0.4225 2.72 41.0 

TABLE 1.14 

End-point results of the potentiometric titrations of saponification 

mediums after extraction or the tall oil from iso-ootane suspensions. 
4444.444 4•4444.4.4 

Initial 
tall oil 
• mg 

4 	.44 

N/20 NaOH 
totalonl 

404.44.4 	14.4 

N/20.  NaOH 
excess,m1 

N/20 GO -
ml 

Tall oil 
meq 

found 
mg 

Err%or 

72 6.7 5.75 0.25 0.198 71.4 -1.0 

72 8.7 5.75 0.25 0.198 71.4 -1.0 

56 4.75 2.55 06125 0.101 56.5 +1.0 

44/14.41•4604.1414414.4 



in 104.2. The organic acid. content in the alkaline layer was deter-

mined and the results were presented in table loldv 

The results in table 1.14 show that it was possible to 

saponify the entire organic acid content of the tall oil in iso-

-octane solutions, analogous to the saponification of oleic said in 

isooctane solutions* The organic acid concentration in the clear 

iso-octane solution corresponded to (=Oleic, dissolution of the 

entire organic acid content of the original tall oil sample. This 

indicated that. the entire organic acid content of tall oil samples, 

adsorbed on ilmenite flotation products, could be dissolved in the 

iso-octanes if they have been suocessfullydesorbed by some agent. 

The optical density of the too-octane solutions letb'after 

the saponification was measured at &Amp. The optical density of 

all three samples was the same, and it corresponded to a fuel oil 

content equivalent to 3% of the tall oil content, which was a. 

negligible error at customary tall oil/fuel oil ratios around 1:1. 

1.8.41 Smonification of tall oil in iso-octane solutions in the 

presence of fuel oil.  

The applicability of the saponification procedure to the 

separation of tall oil and fuel oil in iso-octane solutions was 

investigated. .. 

Small amounts of a. 5:2 tall oil/faul'Oil mixture were 

administered by means of a syringe to 20m1 too-octane aliquots, in . 	. 



the range 002064.29g/1 tall oil and 0.165-1.585g/1 fuel oil. The 

resulting solutions were saponified with alkali solutions in ethanol 

water as described in 1.4.2. Samples Were withdrawn from the two 

layers and they Were analysed far tall oil and fuel oil. 

It was concluded. from'the results presented in table 1.15 

that saponification separated the'tall oil from the fuel oil as 

effeotively as it separated the oleic) acid from the fuel oil,when 

in, iso-ootane solution. The presence of fuel oil did not 'Interfere 

with the determination of tall oil by the potentiometrio titration. 

Measurement of the optical density of the iso-octane 

solutions left after the saponification has shown the preemies of 

an impurity, originating in the talloili which contributed Oaf 

the total optical density. This relative contribution was constant 

over.the entire range of fuel oil'end tall oil concentrations  at. 

constant tall oil/fuel oil ratio. 

The above mentioned tests show that it.  is possible to 

determine tall oil and fuel oil contents of iso-ootane solutions by 

means of the analytical procedure de4eloped. 

1.6. DASORPTION OF OLEIC ACID AND FUEL OIL FRO: ILUENITi.  

1.6.1. Introduator,remarks. 

It was mentioned in section 1.1.3. that aoidifioation Of 

the ilmenite pulps would result in desorption of the flotation 
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TABLE 1.015  

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

iso-ootane by means of saponification. 

Initial 
tall oil 

reagentspmg: . 
fuel oil 

Tall oil 	&Tor 
foundpmg 	% 

Fuel oil 
foundpmg 

Error 

401 207 567 ..-908 2.8 +44.5 

8.9 5.9 8.4 	-5.8 8.0 ' 	44-2.5 

15.8 901 1468 +7035 904 +4.4.7 

1/.6 11.7 1707 . *0057 1202 ++005 

2209 1503 24.1 +5.2 18.0  +4+0.8 

2707 1865 28.9 .209 19.4 +4+0.8 

55.5 22.4 5404 +2.7 23.5 +4+0.9 

37.8 25.0 56.7 .2.4 26.2 +4+0.8 

4201 28.1 4160 408 2902 144.1 

45.8 50.5  48.6 +1.75 52.0 +4+0.9 

_ .............. ....... 
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reagents from the minerals. These reagents could then be extracted 

with iso-ootane. 

A pure ilmenite sample (< Imm ) was first washed with pyri-

dine and then.rinsed with too-octane in order to remove the organic 

impurities. The sample was then ground to a sine distribution 

equivalent to that of actual flotation cenoentrates. 

The finely ground material was stared is ground-glass stop® 

pored jars•in order.  to prevent Contamination., Treatment of 'nit 

ilmenite with the flotation reagents*  at 70% aolids*  produced frothy 

and agglomerated pulps Which were similar in appearance to the actual 

flotation concentrates9  and these pulps were termed "simulated 

flotation concentrates". 

•Ia the tests described boleti the flotation reagents were 

introduced by means of a hypodermio syringes  permitting aoourate 

determination of the initial reagent content of a "simulated 

flotation concentrate". Since the extraction of the flotation reagents 

from "simulated flotation concentrates" was not quantitative in 

open vessels*  because of the high iso-ootane volatility9  all tests 

described.below were carried out in closed containers. 

A preliminary test was performed in order to establish 

the possibility of extracting the reagents from "simulated flotation 

concentrates" by acidifioation of the pulp .and by treatment with 

iso-ootane. A ground-glass stoppered flask containing 500g pure 

ilmenitey 130m1 watery 5244 tall oil and 54ag fuel oily was 

vigorously shaken for 5 minutes to allow adsorption of the reagents 
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on the ilmenite surfaoe. A "simulated flotation concentrate" was thus 

produced. The pulp was acidified to an H2304  concentration of 12N„ 

and 200m1 iso"ootane was added. The flask was shaken again for 5 

minutes and left to stand. After separation of the two layerak  samples 

were withdrawn from the iso-octane layer and were analysed far tall-oil 

and fuel oil. The results shawed the presence of 100 of the initial oleio 

said and 107% of the initial fuel oil. 

Having established that the entire content of oleio acid and 

fuel oil adsorbed on "simulated flotation concentrates" can be determined 

by the method suggested, it was necessary to examine the effects of the 

individual parameters: the H2304  concentration, the proportion of iso-

ootanek  and the concentration of the two reagents. 

106.2.4ffeots of the sulphurio acid concentration on the desoution.  

A standard procedure was adopted in the desorption tests: 

Ground-glass stoppered oontainersk  into which ilmenite and 

water at 700 solids and a given quantity of the reagents were addedk  

were shaken vigorously for 5 minutes to produce a "simulated flotation 

concentrate". Various amounts of H2304  and iso-ootane were then added 

and the bottles were shaken again for 3 minutes to allow extraction 

of the reagents. After 10 minutes standing the liquid phases were 

transferred to centrifuge test tubes for phase separation at 8000 r.p.m. 

After 10 minutes' centrifugation samples were withdrawn from the iso-

octane extracts and were analysed for oleio acid.end fuel oil content. 

In the first series of tests the H2504  concentration was varied 
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over the range 0.0485-1.616 and the other parameters were 150g ilme-

mite ?5g water, 0.3-0.55 g/kg oleic avid and 0.20-0.22 g/kg fuel 

oils  and a 1:5 LBO-octane/Solids ratio ( 	). In some or 

these teats the iso-octane/solids ratio was decreased to 1:4. The 

results are presented in fig. 1.12 and the related data in table 

1.18. 

.Fig. 1.12 shows that the reagent desorption was complete 

at an K2304 concentration of 1.416 when the iso-octane/solids ratio 

was 1:5. On lowering the iso-octane/solids ratio to 1:4 the recovery 

of the reagents vas reduced. 

Table 1.16 shows that the oleic, acid recovery was higher 

than the fuel oil recovery at iso-ootane/solids ratios of 1:4. The 

ratios of the respective reagents recoveries were on an average 

14 in the first case and only 0.98 in the second case. The correlate 

tion of this difference with the iso-ootane/Bolids ratio is examined 

in the following section. 

Effects of the iso-ootane/aolids ratio on the desorition. 

In the first series of tests the desorption was carried out 

in two stages: 

a. the reagents were desorbed at 1:4 isooctane/solids 

ratios  and 

b. the volume of iso-octane extract removed at stage a 

was replaced by an equal volume of fresh iso-octane and the 

desorption was repeated ( no further acid was added at this stage ) 0 

The parameters in this series were 1008 ilmenite, 50g waters 
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RECOVERY OF OLEIC ACID AND FUEL OIL FROM PURE ILMENITE AS A 

Reco-
very,% 

IP 100 

75 
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25 

0.4 	0.8 	1.2 	1.6 

Normality, N 4 

FIGURE 1.15 

RECOVERY OF OLEIC ACID AND FURL OIL ADSORBED ON PURE ILM74ITE AS A 

FUNCTION OF TEA NORMALITY OF THE AQUEOUS SOLUTION. • 
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TABLE 1.16 

Results of the desorption of oleic acid and fuel oil from 

"simulated flotation concentrates" an a function of the 

normality of the aqueous solution. 

boas-oe- 
tanc/so- 
lids. 

Normality 
N 

Initial 
o.a. 
mg. 

reagents 
fo od 
mg. 
, 

Found reagents 
Oen° 
m. 
---------- 

f.o. 
g. 

0 reoovored 
o.a. f.o0 

Ratio 

1:4 0056 818 412 394 263 62 64 0.97 

1:4 0072 665 445 349 240 52 54 0.9' 

1:4 1.08 664 444 522 215 48 48 1.0 

1:5 0.47 442 296 550 208 75 70 11.07 

1:5 0.94 450 501 278 170 62. 56 1.09 

1:5 1075 457 305 567 252 80 76 1.06 

1:5 1.25 460 506 450 278 98 90 1.08 

1:5 1.41 465 511 470 292 101 94 1.075 

1:5 1.42 461 507 475 294 105 96 1.075 

1:3 1.685 470 515 428 257 91 81 1.12 

Note: o. a• - oleic acid, f. o. - fuel oilo  ratio - of the % 

recoveries of oleic acid and fuel oil. 
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0.24-0.27g/kg oleic acids, 0.16-0.18g/kg fuel oily and an H2804  comer:-

tration of 0.8-2.5N. The results obtained in stages A and b are 

presented in fig. 1013 and the related data in table 1.17. 

Pig. 1.13 shows that complete desorption of'.oleio acid and 

fuel Oil from simulated flotation concentrates was impossible at 

iao-ootane/solids ratio 1:4 over the entire range of H2804  coo:entrap. 

tion. The increase of the iso-ootane/solids ratio in stage b has 

resulted in the complete desorption over the range of H2804  oonoen-

tration of 1.8-2.0N. The ratios of the respective recoveries of oleic 

acid and fuel oil were 1.1430.11 at stage b and only 0.86130.12 at 

stage a where the iso-octane/Solids ratio was 1:4. 

Since it was preferable to extract the entire content of 

oleic acid and fuel oil in one stagey the second series of testa was 

carried out at a 1:2 iso-ootane/Solids ratio. The other parameters 

were 50mg limonite!, 25g watery 2.1-801g/kg oleic &ads, 1.4-2.058/4 

fuel oil, and a H2804  concentration of 0.5-5.5N. The results are 

presented in fig. 1.14 and the related data in table 1.18. 

Pig. 1.14 shows that the reagent desorption was almost 

complete over the range of H2SO4  concentration 1.8-5.0Ny while even 

at concentrations as low as 0.5N the desorption was considerably 

higher at this Jac-octane/Solids ratio. 

Table 1.18 shows that the ratio oft the oleic acid and fuel 

oil recoveries Was an average of 1.15 at the 1:2 iso-octane/solids 

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

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



Initial reagents 

	

o.ao 	f.o. 

	

mg- 	mg. 

First stage of desorption 	 
0,40 	o. a. Y f.o. 
mg. found mg.I % recovery 

11  Normality 
N ratio 

0.81 
1.09 
1.34 
1.58 
1.82 
2.05 
2.27 
2.48 

3tandard 

ar....••••••••••.•••• a.* 	,••••• 4. • 

258 	172 	110 
256 	171 	115 
262 	174 	120 
286 	17? 	156 
254 	170 	177 
268 	178 	205 
259 	173 	158 
265 176.5 138 
240 	160 	240 

%Not• 

92.5 
98.7 
1J2e6 
12205 
122.5 
150 
105 
94. 
160 

45.6 55.9, 0.81 
4506 57.6 .0.756 
50 • 59 	0.848 
51.  6902.  0.758 
69.5 72 0.965 
76.5 84.4 0.906 
53.5 60.6 0.88 
52 53.5 0.975 j  
100 100 1.0 

Additional 
Second  stage  of desorption  
round' Additional %. Total-r- 	Ratio of 

 

 

mg. 
f.o. 
mg. 

178 79 
154 65 
161 52.5 
165 58 
156 62 
101. 45 
85 37.5 
100.5 51.2 

69 45.8 112.6 98.7 
60.2 .56.8 105.8 94.4 
61.5 50.2 111.5 89.2 
62 52.8 115 .102.5 
5505 36.4.  125 108.4 
37.5 26.3 114 110.7 
32 21.7 8505. 82.5 
38 	29 	90 	82.5 

1.15 
1,.10 
1.25 
1.10 
1.155 
1.05 
1.05 
1.095 

recovery recovery recoveries 
o.a., 	f9c. o.a. f.o. 

TAMA 1.17 	- 75 

Results of the t4esorption of. oleio acid and fuel oil as a function 

of the normality of the aqueous solution at low and high iso-ootane/ 

solids ratios ( two stages ) 

Note: o. a. - oleic acid, f.o. - fuel oil. 
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TABLE 1.18 

Results of the desorption of oleic acid and fuel oil ac a 
function of the normality of the aqueous solution at a 

1:2 iso-octane/solids ratio. 

Normality 
N 

Initial reagents 
o.a. 
mig. 

f.00 
mg. 

Reagents 
o.a. 
, 	. 

fo 
f.o. 
mg.  

o.ao 
% recovery \Ratio 

f.o. 

0.55 155 88.5 109 82.5 82 95 0.88 

1.07 157.5 914 124 8507 90.2 915 0.985 

4 	1.56 144 98 151.5 78.5 91.5 82 1.115 

1.80 128 85 124.5 75 97 89.5 	1.08 

2.05 155 90 157 82 101.5 91 1.115 

2.24 129 86.5 1524 77.5 1024 89.5 1.145 

2.46 155 105 148 87 95.5 84.5 1.15 

2.87 107.5 71.5 110 68.6 1025,5 96 1.07 

5.25 124 85 120.5 72.5 97.2 87.5 1.115 

Note: o.a. - oleic acidt  f.o. - fuol oil, ratio - of 

the %;reoovories of oleic acid and fuel oil. 



Reoo- 	 -O OF INS AQUEOUS SOLUTION AT 1:2 IS0OTANE/S4IDS RATIO. 
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O 
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' 

0 

0 
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Rsmtgaiss OF OLEIC ACID AND FUEL OIL AS A FUNCTION OP TEE NORULITY 
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FIGURE 1015 

RECOVERIES OF OLEIC ACID AND FUEL OIL AS A PUUCTION OF THE IS04 

OCTANE/SOLIDS RATIO AT THE OPTIMALTORMALITY OF 205N0 
Recc-
Very,% 

100 

30 

0 C 	t) oleic acid. + H2S 

0-40-4 fuel oil 	0-0-4 oleic acid 
1 	1  

0.2 	004 	006 	008 	1.0. 

Iso-ootane/solida ratio 
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these errors was considered in the following teats. 

In the third series of tests the reagents were desorbed at 

iso-ootane/solids ratios'varying over the range 1:10 to 1:1. In some 

of these tests fuel oil only was added to the limonite in order to 

eliminate any possible effect of oleic sad. The other parameters 

were: 50g ilmenitep 25g waters, 1.86-2.510g oleic acid, 1.24-5.47 

g/kg fuel oils  and 2.5N Ntp04  concentration. 

The results are presented in fig. 1.15 and the related data 

in table 1019 for fuel oil contents and in table 1.21 for oleic acid 

oontentS. 

The results presented in table 1.19 show that the complete 

extraction of fuel oil into the iao=ootane was possible when the fuel 

oil concentration in the iso-ootane extract did not exceed 2g/i. 

This was the case in the absence as well as in the presence of oleic 

acid. At concentrations 440 in the iso-octane extraot only 90i 

of the fuel oil was reoovered, and at concentrations of fuel oil 

4.88/1 less than 905ii was extracted. These results explain the low 

fuel oil recoveries observed in the preoeIng two series of teats9  

nine the fuel oil concentration was close to 4g/1 in the respeotive 

iso-ootane extraots. 

An attempt was made in this series of tests to connect the 

excessive oleic acid recoveries observed in the preceding series, 

with the potentiometrio titration. This was accomplished by conduc-

ting th, potentiometrio titration in the following manner: the 

alkaline layers were first titrated as described ( 1.4.2. ) with 



. 79. 

TA LE 1.19  

Results of the desorption of fuel oil from simulated flotation 

concentrates as a function of the iso-ootangOolids ratio at 2.5N. 

Test 
No. 

Iso-ootane 
/solids 
ratio 

Initial 
fUel oil 

mg. 

Max. f.o. 
ooncentrar 
tionpg/1 

Fuel oil 
foundpmg. 

%recovery 
of f.o. 

Initial 
Ocao 
mg. 

1 4:10 79 3.95 71 90 000 

2 8:10 ' ' 	80 	2.0 80 100 0.0 

a 4:10 170.5 8.5 148 87 0.0 

4 8:10  175.5 4.55 /55 89.5 0.0 

5 10:10 66.5 1.55 ;_55.5 100 99.5 

6 6:10 75.5 1.89 72 99.5 115.2 

7 6:10 62 2.07 60 99 95 

8 4:10 65.5 5.27 60.5 92.5 98.5 

9 5:10 85.5 5.56 79 	. 94.5 125.5 

10 2:10 66 6.6 65.5 96 99.0 

11 	, 1.5:10 69 9.2. 61.5 89 05.5 

JZ 1;10 74 14.8 65.5 86 11.0 

..1.1..................• .1•4004...........ra••• 1.••••• - _..........- 

Note : f.o. - fuel oil, o.a. a  oleio acid. 
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HC1 solution until pH 3.3 was reached, and tie resulting acidified 

solutions were agitated strongly and were then back titrated with 

aqueous NaOH. The end-point results of the titrations and back 

titrations are presented in table 1.20 and the potentiometric titra-

tion curves in one test are presented in '14. 1.1e. 
Pig. 1.16 shows that the curves corresponding to the 

titration and back titration do not coincide. The elkuline solution 

was retitrated with HCY solution and the resulting potentiometrio 

titration curve coincides with the back titration potentiometric 

curve. This indicated that the impurity causing the erroneous 

determination, has disappeared. 

The results presented in table 1.20 show that the 

difference between the end-points in the ease of the titration, with 

HU and the back titration with NaOH was equivalent to the errors 

obtained in the oleio acid determinations. The uncorrected as well 

as the corrected values for the oleic aoid recoveries were presented 

in table 1.21. lVhen using the corrected values the recoveries of 

oleic acid and fuel oil were found equal, and the respective ratio 

between these recoveries was close to 1. These results also show 

that the difference between the end-point results diminished with 

decreasing iso=octane/solids ratios, which'explains the low ratios 

between the oleic acid and fuel oil recoveries obServed in the 

preceding series of teats at the low iao-ootane/Solids ratio of 1:4. 

In order to establish the nature of the impurity the 

following tests were performed: 



Titration with }Cl 

51 

6 

7 

8 1 

9 

10 

11 
12 

5.15 
	

0.25 

2.50 
	

0.25 

2.59 
	

0.25 

1.66 
	

0.25 

1.82 
	

0.25 

5.48 
	

0.25 

2.60 
	

0.25 

2.82 
	

0.25 

Same after preliminary cutgassing of 

the iso-octane extracts by vacuum 

0.25 

0.25 

1.55 

1.95 

   

4.8 

4.8 

5.7 

5.05 

0020 
0.25 

0.25 

0.25 

0 
0 

51 

54: 

   

   

   

Back titration with NaOH 

/10 oleate+ h/10 oleal o0a0 
1/10 carbonate 	ml. 	mg. 

Test H/10 NaOH 00 NaOS 11/10 007 
No. tote al. excesseml. mi. 

o.a. 
found, 

mg. 

5.05 

5.05 

5.05 

5.05 

5.05 

5.05 

5.05 

5.05 

2 	5.05 

4 	5.05 

5 	5.05 

6 	5.05 

1.82 52 

2070 7702 

2.71 77.5 

1.16 55 

2.09 59.7 

1.97 	56.4 

0 	0 

0 	0 

51 

55 

47 

66 

69 

90 

85 

58 

65 

2.07 

2.95 

2.98 

1.41 

2.54 

56.5; 	2.22 
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TABLE 1.20 

Eindapoint results of the potentiometric titrations with HC1 of saponi-

fication mediums after extraction of oleio maid from too-octane extracts 

and end point results of the potentiometrio baok titration. with NaOH 

of the same solutions after agitation at pH 3.3 for removal of impurity* 

Note: oleic acid - o.a. 
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DISCREPANCY IN POTSliTIO',.!STRIC TITRATION CURVES OP SAPONIFICATION 

MIA 3SPORS AND APTSR :EXPULSION OF THE H2$  ORIGINATING IN. THE ORE. 

0-42-0 titration with N/10 HC1 

X 	x x book titration with N/10 NaOH 

ratitration with N/10 H01 

16+, 	 L 

p/io HC19  ml. 

8.0 1060 
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Results of the desorption of oleic acid from simulated flotation 

concentrates in the presence of fuel oil ( before and after R28 

elimination ) 

Test 
No. 

Initial 
oda. 
mg. 

. 
Oleic 
founding. 
corr. 

- 
acid 

I,; 

unoor.00rrounoor. 

grecovery 
,-.0.a. .O'loorrec 

%recover7 

Ited 

ratios 
unocr- 
reoted 

Iso-ootane 
/solids 
ratio 

5 99.5 117.5 118.6 00 1.185 10:10 

6 115.2 104 152 9? 1/605 9905 098 1.17 8:10 

7 95 104 112 99 1015 8:10 

8 9805 8102 95 82 96 92 0.89 1.04 4:10 

9 12505 11505 127' 94 101.5 94 0.99 1.085 5:10 

10 99 88 101 89 10105 96 0.92 1.06 2:10 

11 105.5 8905 94.5 86 91 89 0.97 1003 1.5:10 

12 111 . 97.5 9405 88 85 86 1002 0.99 1:10 

Note: o.a. oleio acid, f.o. - fuel oil, corr. - oorrected 

The iso-octane extracts frOM taste No. 2, 4p 5S and 6 

( see table £019 ) ware sampled and vacuum was applied to these 

solutions0  before saponification. Bubble formation was observed on the 

container walls, which ceased after several minutes if a light vacuum 

only was applied, When a high vacuum was applied to the iso-octane or 

to the iso-ootane extracts they immediately boiled at room temperature° 

The outgassed iso-ootane extracts were saponified and 

the ethanol-Water solutions were titrated with HCl and then back 



titrated with NaOH solution. The end-point results of the titrations 

and back titration are presented last in table 1020. In these teats 

no practical difference was observed between the respective endpoint 

resultss  indicating that the impurity had been eliminated by the 

vacuum applied before saponification. 

The excessive oleic acid recoveries can now be explained, 

by, assuming that He was evolved by the action of the H00,4  on the 

sulfide traces in the ilmenite. A faint He smell accompanied all 

iso-octane extracts while still in contact with the acidified pulp. 

The HAS was dissolved in the iso-octane phase at normal pressure but 

it could be eliminated by applying a vacuum. If the H.23 was not 

eliminated in this manners  it was extracted by the sursoine saw. 

nifioation mediums  and it registered as a weak acid together with the 

oleic acid and the 00'a  when this solution was titrated with HC10 

A strong agitation at pH 5.3 in the presence of air bubbles expelled 

the HAS from the acidified saponification medium and. the H4  3 did •  

mot report when back titrating with NaOH solution or when retitra-

ting with ICI solution. 

It was concluded that the analysis of iso-octane extracts 

for oleio acid must inolude back titration with NaOH solution in 

order to eliminate errors due to H-3. Vacuum outgassing of the iso-
octane extracts before the saponification was oonsidered unreliable 

because of possible changes in the iso-octane volume. 

Since the oleic acid content of the iso-octane extracts 

could be determined by the back titration onlys  it was possible to add 
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at once the amount of HOl solution necessary for lowering the pH to 

5.5 before the back titration was performed. This was an advantage as 

it reduced the time during Which the saponification medium was 

exposed to air, thus minimising the CO2  absorption ( 105.5. ). This 

procedure was adopted in all following desorption tests. 

2.70 DITSaaPTIOM OF TALL OIL MD FUEL OIL PROM ILMENITA. 

1.7a1.pffects of the H SO concentration and the iso-ootane/solids 

ratio. 

The method developed for quantitati5'm desorption of oleic 

acid and fuel oil from "simulated flotation concentrates" had been 

applied in some prelimirary experiments to industrial flotation 

circuit products containing tall oil and fuel oil ( for details see 

Appendix section 1011.1. ). It was established in these tests that 

the desorption medium must be modified by addition of ethanol. 

The modified method was applied to the desorption of tall 

oil and fuel oil from "simulated flotation concentrates" in order to 

investigate the effects of the following factors: the isooctane/ 

solids ratio, the H2SO4  concentration, the ethanol/water ratio, the 

reagent concentration, and the tail oil/fuel oil ratio. 

The parameters in the first series of tests were: 20g 

ilmaniter, lOg water, 108-2040g tall oil, 1.2-1.8g/kg fuel oil, 

1:2 ethanol/water ratio, 0.5-5.0tr H004  concentration, and iso-ootane/ 



solids ratios of 1.1:2 and 1.1:1. 

The results presented in table 1.22 show that the desorp-

tion of tall oil and fuel oil from "simulated flotation concentrates" 

was not quantitative at an iso-ootans/aolids ratio 1:2 ( vol./wt. ) 

at 0.5-5.0N H2SO4 concentration in contrast to the case of oleic acid 

and fuel oil ( see section 106.50 ). The iso-octane/solids ratio of 

1:1 was the minimum mecessary for quantitative desorption of the 

tall oil and the fuel oil. The neceaserylict804  concentration was 1N 

and concentrations up to 3N had no detrimental effect on the deaorp-

tion. 

PrOlnation of the potentiometrio end-point results chow 

that the H28. cionoentration in the iso-ootano extracts was nearly 

constant. It was therefore necessary to eliminate the HAS in this ease 

too by the method employed in the case of oleic,  acid and fuel oil 

(see section 1.6.5. ). 

A second series of tests was Carried out;  the parameters 

being: 20g ilmenite;  lOg water;  1.6-2.40/kg tall oil;  101-1.6g/kg 

fuel oil;  1:1.6 ethanollwater ratio;  0.0-1.24N HIS04  concentrations  

and iso-ootane/solids ratios of 0062541 and 1.25:1. 

The results presented in table 1.25 confirm the earlier 

conclusion that iso-ootaneAolids ratios < 1:1 do not result in a 

complete desorption of the reagents. At an iso-octane/solids ratio 

of 1.25:1 the H504  concentration of 0.5N was sufficient for quentita-

tiv desorption of both the tail oil and the fuel oil. Since the 

quantity of acid consumed by crude ilmenito exceeded that c onsumed by 

pure limonites  Ir2SO4  concentrations in the range 2-5N should be applied 
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TABLE 1.22 

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

flotation concentrates as a function of the H2304 concentration. 

Norma- !Initial 
lity 	! too. 
N 	mg. 

reigents !Reagents 
f.o. /too. 
rogo 	ritS0 

found 
f.o0 
M. 

too. 	f.00  
% 	% 

Error
'r

tsc-oo- 

meg 
tanA/80-

as. 
•••••••• •••aa 

0.5 i 35.8 25O 	5200 21 -1065 	 1107 0.05 101:2 

1.0 . 58.1 25.5 518 21,4 -1605 I-i500 0.05 1.1:2 

1.5 / 47.8 51.8 5705 2608 -2200 	16.5 0.04 1.1:2 

2.0 	1  1 	37.0 2408 35.8 2240 	- 5.2 -10.9 0.05 1.1:2 

2.5 	1 	5905 26.5 55.9 2400 	•-16.2 	8.5 0.04 1.1:2 

510 	1 58.8 25.8 52.7 2262 	-15.2 c1507 0.04 1.1:2 

0.5 5801 25.5 548 24.0 	- 8,.6 	5.5 0.05, 1.1:/ 

1.0 59.7 26.5 59.0 25.6 	- 1.7 	5.0 0005 1.1:1 

1.5 5706 25.1 55.8 24.4 - 4.8 	2.5 0.031 1.i: 

2.0 44.4 29.5 45.5 28.9 -.2.0 - 2.0 0.05Ii 101:1 

2.5 57.4 24.9 58.2 2404 ..:- 	2.1 - 1.6 I 0.05; 1.1:1 

3.0 38.0 25.5 40.0 25.2 r5.2 0 	' I 0.051 1,1:1 
I 

Acts: too. © tall oil. f.o. - fuel oil. 
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TABLE 1.25 

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

flotation concentrates as a function of the 11250it  concentration. 

Norma- 
lity 

Initial 
t.o. 	mg 

reagents 
f.o. 

Reagents 
t.o. 

foundl 
mg 	f.o. 

error % 
t.o. 	f.o. 

Iso-octane/ 
solids 

• 
. 

0.0 16.6 11.1 8.5 140 8 -49.5t10.2 0.625:1 

0.25 18.4 12.5 19.1 11.0 * 5.8 - 9.8 0.625:1 

0.5 20.5 15.5 22.0 	14.4 + @Al+ 6.6 0.625:1 

0.65 17.8 11.8 15.5 	10.0 -12.9 -15.5 0.625:1 

0.85 17.7 11.8 15.1 	9.8 -26 -19 0.625:1 

1.05 17.5 11.7 16.7 	' 	11.7 d  4.5 4. 5.6 0.625:1 

1.24 17.8 11.8 14.5 	9.6 -19.6 -19 0.625:1 

0.0 20.6 15.8 7.5 15.b -65 - 5.5 1,25:1 

0.25 21.1 14.1 22.6 12.7 + 7.5 9.6 1.25:1 

0.5 22.7 /501 25.5 17.0 4- 5.5 12.6 1.25:1 

0.65 25.6 15.7 25.8 14.4 + 0.9 1.2 1.25:1 

0.85 21.7 14.4 22.5 14.6 .1. 2.8 1.2 1.25:1 

1.05 20.8 15.9 20.2 15.0 2.6 8.2 1.25:1 

1.24 16.6 11.1 15.8 11.2 4.8 0.6 1.25:1 

MOP 

Note: t.o. - tall oils  f.o. - fuel oil 
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in the desorption of tall oil and fuel oil from actual flotation 

products. 

1.7A. Effeots of the ethanol/water ratio on the desorption of tall 

oil and fuel oil. 

In the following tests the ratio ethanol/Water in the strip-

ping solution was varied from 0 to 1:2 while keeping the total volume 

of this solution at a constant value. The other parameters were : 20g 

ilmenite0  15m1 stripping solution, 1.7-2.0g/kg tall oil;  1.15-1054g/kg 

fuel oil, 2.6N N2804  concentrations  and 1.25:1 iso-ootane/solids 

ratio. The results are presented in table 1.24 ( first 6 tests ). 

The results of these tests show that an ethanol/water 

ratio of 1:2 is a minimal requirement for quantitative desorption 

of tall oil and fuel oil from "simulated flotation concentrates". 

The corresponding ethanol/solids ratio was 1:4 ( vol./wt. )0 

107.6. Effeots of the regent concentration on the desorption. 

Various reagent concentrations could be expected in flota 

tion products. The desorption procedure was therefore examined at 

different reagent concentrations, employing optimal values for the 

other parameters: 20g ilmenite, 15m1 stripping solution, 1:2 ethanol/ 

water ratio, 2.6N 2SO4 concentration, and 1.2521 iso=octane/solids 

ratio. 

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

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

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

flotation concentrates as a function of the ethanol/water ratio 

( first 6 tests ) and of the reagent concentration ( last 8 tests )0 

Water 
ml. 

Athanol 
210 

Initial 
too. 	mg. 

reagents 
f. o. 

Reagents found 
t.o. 	mg. 	f. o. 

error % 
t.o. 	foe. 

i 
15 0 54.0 22.7 82.6 	2102 - 4.1 	- 6.6. i 
14 1 85.5 25.5 3506 	2200 -_447 	- 6.4 

15 2 40.2 26.8 57.0 	2508 - 708 	-1102 

12 a 37.4 24.8 52.6 	20.8 -1208 	-16.1 

11 4 56,5 24.4 1 	53.6 	24.0 - 8.0 	' 	.., luS 

10 5 5608 24.6 88.2 	24.0 4. 5.8 	' 	.., 2.5 

10 5 4.3 2.9 	4.6 	5.8 4. 7 	, 	4. 6.2 

10 a 8.6 5.7 	8.15 	5.5 - 5.2 	- 501 

10 5 18.0 8.6 14.0 8.6 + 7.7 	' 	0 

10 5 u 17.5 11.7 18.7 11u5 4 6.9 	- 1.7 

10 5 2200 14.6 24.2 15.4 +10.0 	- 9 

10 5 26.6 17.8 270 9 17.4 4,  4.9 - 2 

10 5 51.5 21.0 52.6 21.4 4' 5.5 + 1.7 

10 5 58.5 55.9 5582 55.8 it. 5o2 ',' 0.5 
... 

Note: t.o. - tall oil, f. o. - fuel oil. 
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0 	of concentrations examined -, 00215-2.67g/kg tall oil and 0.145-1.8g/kg 

fuel oil. 

107.40 Effects of the tall of 	oil ratio on the dolor,  

Since different tall oil/fuel oil ratios were expected on 

ilmenite flotation products it was necessary to investigate the effect 

of this ratio on the desorption. The parameters in the following 

tests were: 20g ilmenite9  1521 stripping solution, 1:1.6 ethanol/water 

ratio, 2.5118804  concentration, 1.25:1 150-octane/solids ratio, 

000-4.52g/kg tall oil and 4.14-0.0g/kg fuel oil. The total reagent 

concentration was kept constant while the ratio tall oil/fuel oil 

was varied. 

The results are presented in table 1.25. The results for the 

tall oil determination show that it was not affected by the changing 

tall oil/fuel oil ratio. The results for the fuel oil determination, 

which were corrected by subtracting a value proportional to the tall 
_ 	. 

oil concentration, show that errors were obtained at low tall oil/fuel 

oil ratios. The error was attributable to the fuel oil concentration 

in the iso-octane extract which exceeded in these oases the limitting 

value of 28/1 ( 1.6.5. ) 
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TABLE 1.25  

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

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

Tall oil/ 
fueloiltotalt.o.f.o. 
ratio i 

Initial 

mg. 

reagents 

mg. 

1Reagents 
t.o. 

mg 	mg. 

found 
f.o., 
mg. 

Error % 
too. 	f.00 

i 
......... 

000: 82.6 0.0 82.8 0.0 77.2 - 7.25 

1A:15.8 74.1 4.4 69.7 t 5.65 65.6 +2.8 	- 51,375 

1.0: 7.1 70.6 , 8.6 	6109 9.55 55.8 +8.2 4.006 

1.0: 8.8 81.6 17.1 	64.5 16.0 58.2 ~604 =. 9.65 

1.0: 2;5 91.9 264 465.8 26.4 58 +161 41.8 

1.0: 2.0 ma 22.7 	4506 24.8 42.8 +7.0 .. 6.15 

1.0:,1c0 69.5 55.2 	54.1 57.1 54.5 +5.4 + 0.9 

1.5E 1.0 64.6 58.8 	25.8 59.8 26.2 +2.6 + 1.5 

5.5: 1.0 71.7 55.1 1606 55.5 17.0 --a.D + 2.8 
6.4: 1.0 65.0 54.5 805 54.4 9.0 4.2 + 6.5 

6.7: 1.0 85.5 74.2 11.1 74.2 10.5 0 . 5.5 

: 0.0 86.4 86.4 0.0 85.5 0.0 4.0 

Note: t.o. - tall ale f.o. - fuel oil 
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1.8. DESORPTION OF TALL OIL AND FUEL OIL PROM FLOTATION PRODUCTS.  

1.5.1. Desorption of reagents from_Erapeay conditioned feeds.  

Having shown in section /070 that tall oil and fuel can be 

desorbed from usimulated flotation concentrates" it is necessary to 

show that the method Can be applied to properly' conditioned flotation 

products, and thismes first examined.ift.the case of flotation feeds. 

The material used for preparing feeds was a orude ilmenite described 

in section 2.2.1. The Conditioning procedure was that•normally • 

applied in flotation tests and is described in section 2.2.5. 	• 

In the first series Of tests the entire contents of the 

conditioning tank were- transferred into suitable ground-glaas 'stoppered 

flaski and the'necessary proportions of HO4s  ethanol, and iso-

octane were added according to the optimal parameters established 

in '107.2. The Masks were vigorously shaken for several minuteas  left 

to. stands  and samples were then withdrawn from,the liquids for 

phase. separation byeentrifugation. The iao-ootane extracts were then 

analysed for tall oil and fuel oil. 

In this series of tents 150mg ilmenite samples were condi- 

tioned at 70 Bolide with various quantitiei of tall oil and fuel oil 

at 1200 r.p.m. and for a sufficiently long, duration ( 50min. ) to 

aoertain adequate' adsorption of tho reagents on the mineral surface. 

in each case four samples of the iso-octane extracts were saponified 

individually in order to assess the reproducibility. The results for 

the tall oil assays are presented in table 1.26 and those for the 

fuel oil assays in table 1.27. 



TABLE 1.26 	TABLE 1.27  

Results of the desorption of tall 	Results of the desorption of 

oil from properly conditioned feeds fuel oil from properly 

conditioned feeds 

Tall oil, 	mg. 
Initial.found 

Error 
% 

Fuel oil, mg 
initial found 

••••=•••••••••Ila 

179.0 :170.0 • -5.0 0.0 20 

179.0 .1174.0 -2.8 0.0 .20 

179.0 	174.0 -2.8 0.0 19.8 

179.0, 178.0 -0.5 0.0 19.9 

52.5 	50.9 -3.0 0.0 9,6 

52.5 	54.5 +5.8 	j  0.0 9.6 

52.5 	52.6 +0.2 0.0 8.5 
. 

52.5 	50.9 -5.0 0.0 9.4 

2245 2/08 -5.1 0.0 7.5 

22.5 25.6 +4.9 0.0 7.4 

22.5 21.8 -5.1 ,0.0 7.7 

2205 25.6 +4.9 0.0 7.4 

Fuel oil, mg. 
initial found 

Error 
$ 

108.6 100 - 8.0 

108.6 101.6 6.5: 

108.6 101.6 6.5 

108.6 101.6 6.5 

45.9 46.6 + 1.5 

45.9 46.0 + 0.2 

45.9 46.4 + 1.1 

45.9 46.4 + 1.1 

21.9 25.0 +14.1 

21.9 24.6 +12.5 

21.9 24.5 +11.9 

..21.9 24.8 +15.2 



The results results in table 1.28 show that a considerable amount 

of the tall oil impurity was left in, the iso-ootane extract ,after the 

saponification when fuel oil was absent. The fuel oil concentration 

corresponding to the optical density of this impurity was equivalent 

to WC, by w of the tall oil concentration. 

The results in table 127 indicate the presence of an impurity 

due to the ilmenite which contributed to the optical density of the 

iso-ootane extraot. This contribution was equivalent to 0.02g/kg 

fuel oil and must therefore be taken into account when the fuel oil 

concentration on the rook speoimen is low. 

The results in both tables show that the entire amount of 

re .tents .was desorbed from the conditioned samples and that the, , 

asaeying reproducibility was satisfactory in the case of both reagents. 

A.844esorption.ef the regents, i;'rom filtered and driod conditioned 

feeds... 

. Wet sampling of the pulp of conditioned or floated material 

aimed at desorption of the reagents by the procedure adopted in 1.8.1. 

for slurries ,was oonsidered impractical.. It was therefore necessary 

to determine whether filtration of the pulps and drying of the filter 

cake were permissible for the purpose of the reagent assays. 

A 500g crude ilmenite sample was conditioned at 70$ solids 

with 854mg tall oil and 222mg fuel oil. After conditioning for po min. 

at 1500 r.p.m. the pulp was filtered. The filter cake containing 
- . 
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moisture was blended by shaking for 1 minute in a hemispherical bowl, so 

as to produce a continuous mixing of the moist material without any 

palletising. This simple procedure was found satisfactory from the view 

point of sample reproducibility. 

Six samples ware withdrawn and. the reagents were desorbed and. 

determined by the methods developed. The results are presented in table 

1028. The filtered sample was left to dry in air until of constant weight 

and six further samples were analysed for tall oil and fuel oil* These 

results are also presented in table 1.28 ( last 6 tests ). 

The results obtained show that filtration of the pulp was permis- 

sible before assaying for reagent content, but drying of the filter cake 

at room temperature was detrimental. The reproducibility of the samples 

was satisfactory in both oases. 

In an attempt to oheak the analytical method of Runollina et al (1) 

samples of the air dried material were extracted beveral times with ether, 

the ether extracts were collected, and after centrifugation the clear 

solution was titrated potentiometrically with NaOH solution. No organic 

acid was detected in the extracts by this method. 

In order to establish a proper sampling procedure the following 

test was performed. A 500g crude ilmenite sample was conditioned with 

878mg tall oil and 252mg fuel oil. After 50 minutes' conditioning the 

pulp was filtered and the filter oaks was blended by the above mentioned 

procedure. The sampling procedure adopted comprided: collection of small 

amounts of material from various parts of the bulk, close packing into 

10m1 cylindrical containers, and covering with tight lids. These oontai- 
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TAAS,1.28 

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

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

Sample 
weightpmg 

Initial reagents 
tall oil 

mg 
fuel oil 

mg 

Reagents 
tall oil 

mg 

found 
fuel oil, 

mg 

Error 
tail 
oil 

in % 
fusel 
oil 

16.6 11.1 7.4 10.8 7.5 -2.7 -1.4 

16.55 11.05 7.55 10.8 7.5 -2.2 -0.7 

16.25 10.85 7.25 11.4 6.95 -5.0 -4.1. 

15.85 10.6 7.05 10.0 6.75 -5.7 -4.25 

15.65 10.45 6.95 10.8 6.55 +3.5 -5.7 

16.2 10.8 7.2 10.8 6.35 0.0 -4.9 

Air dried samples 

17.5 11.7 7.8 8.65 5.05 -26.0 -55.0 

16.4 10.95 7.5 9.15 4.9 -21.0 -53.0 

18.5 12.2 8.15 10.5 5.75 -14.0 -29.5 

18.6 12.4 8.27 10.5 5.8 -15.4 -50.0 

18.4 12.5 8.2 10.5 5.85 -14.7 -28.7 

16.5 10.9 7.25 8.65 5.275 -20.6 -27.4 
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ners had the double purpose of ascertaining a standard volume of the 

sample and of enabling storage in the moist state. The samples were 

directly transferred into 50m1 centrifuge test tubes and the necessary 

amounts of ethanol, H2 SO4? 
 and iso-ootane were added to permit 

immediate desorption. The teat tubes were closed tightly with 

polythene lids so that there was no contamination Of the iso-octane 

and no losses by evaporation. The moisture content of the samples was 

calibrated by means of parallel samples, collected in the same manner, 

and dried within the containers to constant weight. 
. 	. 

Such samploc were collected immediately after filtration, 

after 90 minutes standing in the bowl, after 90 minutes' drying on 

the table, after 270 minutes drying on the table, and after 18 minutes 

drying at 108°C. The Correlation between the moisture content of the 

sample and the till oil and fuel oil concentration determined was 

presented in table 1.29 

The results show that a small, amount of tall'bil and fuel oil 

was not accounted for in the samples taken immediately after the 

filtration. The cause for this apparent loss is found at a later stage 

of this study ( see seotion 	),Table 1.29 shows that the tall 

oil content of the sample that can be determined by the desorption 

method reduced once the ,moisture content approaches nil. The 'fuel 

oil content decreaSed in proportion to the decrease in the moisture 

content. Drying at 10e0oaused very high losses of fuel oil. 

Separate experiments have Shown that the evaporation of 

fuel oil results in a proportional lowering of the optical donaity„ 
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Moisture. and reagents contents of filtered samples, partially or 

totally dried' at room temperature 

Moisture 
• oontent4 

Reagent Content 
Tall oil 

in % of initial 
.Fuel oil 

Drying 
duratior. 
hours 

Remarks 

7.0 9808&201 91.0405 0 'Liberal 

6.4 96.9&2.4 86.1i60.8 li 	I 	" 

2.2 8707;60.7 '65.1&2.55 p ; ri table 

0.0 64.01200' 50070.7 6 	1 	" 

0.0 55.4441.4 5605;41.1 1/4 	1p 105°0 

TABLE 1.50 

Tall oil and fuel oil contents of flotation feed, concentrate$  and 

tailings 

Feed Concentrate Tailings 

Tall °nig/kg 0.85214.017 2.25a0.000 002404.-0.024 

Fuel oilog/kg 00550100008 1.620W0010  0.07514.005 

Reagent material balance  

Feed (Feed)* COncentrate Tailings Total 

Tall oilong 852 ( 690 )* 528 155 661 

Fuel oilomg 550 ( 460 )* 582 42 424 

) Reagents left in 890g feed which' were aotually floated.. 
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indicating that the light absorbing component evaporated at the same 

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

the decreasing fuel oil contents as a function of the moisture content 

were canoed by evaporation of the fuel oil. The desorption must 

therefore be carried out immediately after the filtration, and samples 

should be stored either an a slurry or as moist solids soaked in ethanol 

nithin the centrifuge test tubes. 

1.5.50 Desor2tion of the realonts from actual flotation produots.  

The possibility of obtAieling a reagent material balance 

when assaying flotation feed, concentrate, and tailings, was the final 

proof neooaasx'y before adopting the desorption and atsaying methods 

in a detailed study of fatty acids and fuel oil adsorption on ilmenite 

flotation products. 

A deslimed 990g crude it mite sample was conditioned with 

865mg tall oil and 575mg fuel oil 0 Part of the pulp wet filtered 

and sampled for determination of the reagent content of the feed. 

The remainder was floated at 50ra colitis to produce 255g concentrate 

and 555g tailings, containing theoretically 6900g tall oil and 459mg 

fuel oil. The concentrate and tailings were collected, filtered, blen-

ded and sampled. The results of the assays ere Presented in table 

1.50 It wae concluded from the reagent material balance that the 

desorption of the re ents from both flotation concentrate and 

tailings was complete, and that the amount of reagents found on these 

two products was equal to the amount of reagents found on the condi- 



tioned feed. 

Additional tests show that the. same method can be.opplied 

to determine the reagent content of industrial flotation prodnots 

( see Appendix, section 1611.1 )6 

1691, EITIMART ANDCONCMION6 

The analytioal method developed permits seonrate determi-

nation of the fatty acid and the fuel oil adsorbed on ilmeate Mc-

flotation prodtusts. .This method was charaoterised by the followina 

points: 

aplatkv acid and fuel oil adsorbeti,enilmenite or gangue. 

minerals can be deaorbed by applying a strongly,acidio solution 

oontaining 40Aethanolo  and the deserbed reagents oan.he extvoted 

by a hydrocarbon solvent auoh as iso-,cotane.. 

be In order ,to prevent loss of reagentsAram the mineral 

surface by evaporation or inselubilisetionl  the flotegon prednots. 

must be sampled in the moist state and must. be treAted with 

desorption,medium as.soon as possible° 

c. In order to prevent eentamination end ovaporOion of 

the highly volatile solvent.all operations must be. osrried..put.A 

olosed containers which are suitable for centrifuges. . 

The two reagents in the iso-,00tane extreat otan he separated 
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by saponifying with N/20 NaOH solutions in 0.6:1 ethanol/Water; the 

organic acids are extracted by the Alkaline  phase, which is separated 

from the iso-octane phase by centrifugation. 

e. The fuel oil is determined by measuring the optical 

density at 224mg in the ico-ootane solution; suitable corrections for 

the errors introduced by impurities from the solids and from the fatty 

acids are necessary. 

The fatty acids are determined by aoidimetrio titration, 

preferably using indicators ( see Appendixs  section 1.11.5 ); 

before the titration with NaOH the saponification medium must be 

diluted with further ethanol and acidified with HCI volution to 

pH 5.5, when the HiS contamination, originating in the ores  can be 

expelled by strong agitation. 

The experiments performed have enabled determination of 

requirements which must be rigorously maintained in order to prevent 

considerable errors. These requirements have been incorporated in the 

actual procedure which is outlined in the following station. 

1.100 SPECIFICATIONS POR  DETERMINATION OF FATTY ACID AND FUEL OIL.  

CONTENT OF ILMENITE FLOTATION PRODUCTS. 

1.10.1. Desootion of the relents  from the flotatiouroductso 

Collect the sample as a slurry and if necessary store in 

this form. Filter the sample and transfer the filter cake immediately 
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into hemispherical bowls. Blend quiekly.  Y abrupt jerks, taking oars ° 

that no palletising ocours. 

Spot sample the moist material and collect four samples 

in 10m1 cylindrical oontainers ( diem. mi. height m 15cm, to enable 

quick removal at the moist material ) with'close fitting lids to 

prevent evaporation. Dry two samples at 1050C to calibrate the 

moisture content. 

Transfer two samples, as soon as possible after filtration, 

into 504 centrifuge test. tubes. The oloae-packed moist cylindrical 

sample.slides easily into the test tubes„ permitting quick transfer. 

The volume of these test tubes is sufficient for the liquids required 

in.the desorption Operation. 

Weigh the sample container when full and empty and compute 

the dry weight of the sample by correcting for the moisture content 

determined on parallel samples. 

Submerge the sample in 6-7ml ethanol and remove 'air pockets 

to permit proper Soaking for 15 minutes. The samples can be stored in 

this say for several days if the centrifuge test tubes are tightly 

closed with the lids. 

Start disorption by adding Sal of 12N U2804  and by pipetting 

25 ml iso-octane. Pit the tight lids and shake by hands for 8-5 min. 

to permit extensive mixing of the three phases. Follow by centrifuging 

for 3-5 minutes at 5000 r.p.m. to permit good separation of the iso-

octane extract from the other two phases. Pipette immediately 20 ml 

of the iso.►ootane extract into similar 50m1 centrifuge test tunes 
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and close the latter immediately with tight lids. 

Before use clean the centrifuge test tubes by rinsing 

twice with ethanol and clean the pipettes by rinsing with ethanel 

land isc-oatane. A very high degree of cleanliness is imperative° 

1.10.20 SoZaration of the fattZ acids from the fuel oil.0 

To the 20m1 aliquots of iso-octane entreat pipette quickly 

2m1 ethanol and 4m1 	NaOH ( the volumes and concentrations 

should be increased in proportion to the fatty acid concentration )g 

and close immediately. Shake by hand for 2-5 minutes until thoroughly 

dispersed and centrifuge at 5000 r.p.m. 

The two layers may be left in contact with each other for 

24 hours before assaying for reagent content, provided the teal* tubes 

are tightly closed. 

1.10.30 Determination of the fuel oil content in the saponified iso-

octane extract. 

Pipette 2m1 of the iso-octane entreat into 10m1 volumetric 

flasks and complete with iso-octane to the marks)  using a pipettte0 If 

greater dilution is necessary redilute the solution obtained:'.. Per 

the sake of aoouraoy dilute to an expected optical density below 1.00 

Ise-octane extracts from flotation tailings rarely heed dilution. 

Measure the optical density of the iso-octane solutions at 

the wavelength corresponding to maximum optical density, Use 2mm fused 

silica cells because of the high optical density of fuel oil solutions. 
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Rinse carefully before each measurement with the sample solution, and.' 

keep the external walls dry and the cells closed, because of the very 

higb volatility of the ioo-octane. Use iso-ootane as the reference 

liquid and change it frequently when measuring along series of iso-

octane extracts. 

Calibrate beforehand the dependence of the optical density 

on the fuel oil concentration at the wavelength corresponding to maxi-

mum optical density. 

Correct for the' errors due to impurities from the fatty 

elide 

 

and. the ore by measuring the optical density of iso-octane extracts 

from ore samples conditioned at various concentrations of fatty acids 

and fuel oil. 

1.10.4. Determination of the faty aoids in the saponification medium. 

Transfer the alkaline layer, by means of a graduated pipette, 

into a beaker containing 25 ml ethanol and 5 ml N/20 BCC, ( ieoreaso the 

volume and. concentration according to the alkaline content ). 

Agitate.at maximum possible speed ( use magnetic stirrer 

covered with perfectly inert material ) for several minutes until all 

the H,~B has oean expelledd Calibrate the exact duration of the agitation 

with a solution originating from the particular ore studied. 

Reduce the speed of rotation to prevent entrainment of air 

bubbles, add 8 drops tetra-iodo-phenol-sulphone-phthelein, and Citrate 

with NaOH ( choose concentration according to fatty acid content ) until 

colour change from pale green 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 green ) and continue titration until colour turns to violets  

and persists for I minute. Determine the fatty acid content by 

subtracting the volumes of NaOH required to reach the two end-points. 

When using tall oils  calibrate its equivalent content of 

organic acids by titrating solutions in the same ethanol-water medium 

with the NaOH solution used;  in the presence of the two indicators. 

Titrate the ethanol-water medium in the absence of fatty acids in 

order to calibrate its CO2 
 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 reproducibility 

of the saponification method by treating iso-octane solutions of 

known fatty acid and fuel oil content. 

Check for the reproducibility of the desorption method 

by applying it to ore samples treated with known amounts of fatty 

acids and fuel oil. 

The same procedure can be applied to pure fatty acids, 

such as oleic acids  and to mixtures of fatty end rosin acids, such 

as tall oil. 

Before using the above mentioned indicators it is imperative 

to determine the coincidence of the potentiometric curve inflections 

with the colour changes of the two indicators. The potentiometric 

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



glass electrode is slow in the ethanol-water medium. Cheok this in 

the case of a pure fatty acid:  in the case of a mixture:  and in the 

case of fatty acids desorbed from ores samples. 

The saponification number of 0.01 meg. organic acid can 

be determined at an accuracy ofliglag when 1,050 NaOH solution is used 

in this method. 



1.11. APP*TDI.X. 

1.11.1. DeeoEption of the rents from indtastrial flotatioR_products. 

The methods developed for determination of tall oil and 

fuel oil adsorbed on "simulated flotation concentrates" were applied 

for the determination of the reagents adsorbed on industrial 

flotation products, whioh may differ from the former in certain 

respects. 

When desorption solutions lacking ethanol were applied to 

such samples it was impossible to extract quantitatiVel,y the adsorbed 

reagents, even at an H2304  concentration. of 12N. It was found in 

addition when sampling the filtered products, stored in closed 

containers, at weekly intervals, that the reagent content decreased 

considerably. 

The optimal desorption conditions established in 1.8.5. 

were employed in the case of the following 5 samples: 

A. - the feed of the ilmenite flotation oirouit; 

the tailings of the rougher flotation stage; 

- the combined tailings of the cleaner flotation stages; 

D - the cleaner flotation concentrate; 

B m  the final flotation concentrate after removal of 

part of the reagents at pH 1. 

The results obtained by analysing the iso"ootane extracts 

obtained for the tall oil and fuel oil are presented in table 1.51. 

The reagent material balance is presented ay the end of this table. 
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TABLE Isaa 

Tall oil and fuel oil content of induotrial flotation products* 

Sample,  Weigh0 Tall oil 
6A0 

Fuel oil 
8/k8 

A (Feed) 100 0098 00465 

A (Tailings) 4405 0015 0008 

C (Tailings) 806 ' 	' foopl 0049 

D (Concentrate) 46.9 1071 0087 

E (Leaohed cloals 007 
concentrate) 

Material balance of reagents (*) 

.1. (Feed )a (Tailings) C (Tailings) D (Concentrate) Total 
Tall oil,g 98 607 7.8 80 94.5 

Fuel oileg 4605. 505 402 4007 4804 

..(*) The. results were based on 1000kg feed0 

The results presented in this table demonstrate that the 

desorption method and the analytical methods established can be 

applied successfully to industrial flotation products° 

It was desirable to adapt these methods to the assay 

of the flotation reagent content of the floated pulp of the 

last stage of the industrial flotation circuit0 This was examined 

next 
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The floated pulp of the last stage of the industrial 

Tellnes ilmenite flotation circuit consisted of pyrites some 

ilmenitep and 4 great proportion of reagents;  floating on the 

surface of the accompanying aqueous phase. This slurry was obtained 

when the cleaner flotation concentrate D - was leached and depressed 

at pH 1 in order to produce the final ilmenite concentrate - 21. 

Tests performed on such a slurry have shown that the 

following procedure was most suitable for extraction of the reagents 

and for the determination of their concentrations 

ao collect the pulp directly in the bottle in which the 

extraction is to be carried out; 

bn extract the unadsorbei reagents•by treating four times 

with fresh iso-ootane at a 1:1 iso-ootane/solids ratio in the 

presence of 1:4 ethanol/solidsp deoant the extracts and combine 

them; 

ce dilute a small sample of the combined extract with 

pure iso-octane and saponify according to the procedure described 

in 1.10.2o and determine the reagent content; 

d. filter the pulps, and analyse the reagent content of 

the filter cake by the procedure outlined in 1.10. 

Application of this. procedure to a sample from the 

industrial flotation aro:suit showed that 69g tall oil and 26g 

fuel oil were present. in 1 10 slurry containing 550g solids. 

Steps b and o accounted for 99% of the reagents while the solids 

contained only 0.7g/kg tall oil and 0.44/kg fuel oil. 



1.11.2. Potentiometrio titration of organic wide with NZOO 

It was desirable to use'N/50 NaOH solutions for the titra-

tion of ethanol-water solutions containing very small amounts of 

organic acids, in order to increase the accuracy in the determination 

of the reagent content in tailings. The procedure used in these 

titrations was the same as that used with N/20 NaOH solutions. Both 

oleic acid and tall oil containing solutions were examined. The 

results are presented in tables 1.52 and 1.55 and some potentiometric 

titration curves are presented in figures 1.17 and. 1.18 respectively. 

Comparison of the curves obtained in fig. l.1? and fig. 1018 

with the curves obtained in fig. 1.10 and fig. 1.11 respectively;  

shows that despite the less steep inflections the end-points were 

clear enough for determination of the reagent content. The end-point 

results show that the use of N/50 NaOH solutions enables accurate 

determination of several miligrams of oleic acid or tall oil at an 

error of 40. Tests with organic acids extracted from ore samples 

have indicated that such dilute titrants were useful at organic 

acid contents below 0.1 meg. per sample ( i.e. below 5m1 N/50 NaOH )o 

1.11.5. Acidimetrio titration of fatty agile using indicators. 

The potentiometric titration method uaed was found to be 

very slow when applied to tall oil desorbed from ilmenite because of 

very slow response of the electrodes to the pH changes in the 

ethanol water medium. When using N/50 NaOH solutions ( 14114. ) 

the normal duration of each titration was 20-30 minutes. 

An attempt was made to shorten this duration by using 
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r/GURE 1018 

POTATIOMETRIC TITRATION GURUS OF TALL OIL WITH N/50 Ni0H 

IN .hier.HAN011,-.17ATIM 10601 MEDIUM IN THE PRESENCE OF INDICATORS° 
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114 <-= 
TABLE 1.52  

End-point results of the potentio-

metric titration ofoleic acid in 

106:1 ethanol-water with N/50 NaOH. 

TABLE 1.58 

End-point results of the potontio-

metric titration of tall oil in 

1.6:1 ethanol-water with Wbo Na0H. 

TABLS 1.54 

End-point results of the acidimet-

ric titration of oleic acid in 1.6:1 

ethanol-water using indicators. 

TABU 1.35  

bad-point results of the acidimet-

rio titration of tall oil in 1.6:1 

ethanol-water using indicators. 

Oleic acid 
initial,mg. ml. 

Wbo NaOH 
	0 
Oleic acid 
found044) 

all oil, 
nitialpmg. 

N/50 NaOH 
ml. 

Tall oil 
found,mg.M 

(0.5) 	0.0 	545 	008 	5.8 

	

0.85 	4.95 	14.8 	2.05 	14.85 

	

1.8 	10.5 	20.4 	2.85 	20.6 

	

2.4 	15.9 	54.2 	4.75 	54.5 

	

5.5 	19.2 	51.0 	4.25 	50.7 

	

4.5 	24.9 . 40.8 5,e77.5 1  ,.:0.9 

IL 	Error - al% 

0.0 
4.9 
10.4 
15.8 
1900 
24.7 

or - bi% 

(*) These values were calculated using the equivalents of 11/80 
NCO,  7,7; 	'ciive established by the txteLtiametrio titration. 
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indicators instead of the glans-calomel electrode assembly. Of theo 

many indicators with colour changes in the required pH intervals 

only two pairs were found applicable: hromo-phenol-blue oresol..red 
. 	. 

and tetra-iodo-phenol-sulphone-phthalein diphenol-purple0 In both 

cases the first end-point of the titration ( pH 4.8-5.5 ) was indi-

cated by a colour change of the first oomponent of each pairs  and 

the second endpoint ( pH 8.6-9.4 ) by a colour change of the second 

component. In both oases the first component did not interfere with 

the seoond component but the second component Could be added only 

after reaching the first endpoint since it interfered with the 

determination of the first end-point. 

Of the two couples the combination tetra,iodo-phenol-

sulphone-phthalein diphenol-purple gave more reproducible results 

with both oleic acid and tall oils  and the great accuracy obtained 

was demonstrated by the results presented in tables 1054 and 1.55o 

Comparison of the errors in these tables with the errors in tables 

1.52 and 1.55 reapectively shows that they are in the same ranges  

but the duration of the titration was only 2-5 minutes. 

The optimal titration procedure consisted of: 

a. titration of the solution in the presence of 8 drops 

tetra-iodo-phenol-sulphone-phthaleinvmtil oolour Changed from 

yellow-green to light blue ( see figures /017 and 1.18 )s  and 

b. continued titration after 8 drops diphenol-purple 

were added ( colour turned green ) until oolour changed from green 

to blue and finally to violet which persisted for one minute.. 
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1.11.4. Conduotimetric  titration of fattz 

Conduotimetric titration of weak acids is often superior 

to potentiometrio titration. This possibility was examined in the 

case of the ethanol-water saponification medium containing oleic acid 

or tall oil. The equipment used was a Pye Conduetanee bridge Cat. No. 

11700 and a Mullard Conductivity cell. The range used was 1e4-1073Mho. 

The standard ethanol-water titration medium was acidified 

and small aliquots of N/20 Iii011 solution were added and the conduoti-

vity was measured 5090 seconds after each addition. The results of 

some of these measurements in the absenoe or presence of fatty acids 

were presented in tables 1.36 and 1.57. The actual conductivity values 

are plotted as a function of the titrant volume in figures 1.19 and 

1.20. 

The resulting plots were composed of three straight lines. 

The lines corresponding to all weak acids present had the same slope. 

Attempts to correlate the fatty acids contents With the differences 

between the titration end-points were not successful:, especially in 

the case of reagents which had been desorbed from ore samples. This 

was attributed to the presence of varying concentrations of metal 

ions which affected the conductivity. 

It was concluded from these results that the eonductimetric 

titration could not be used for the determination of fatty acids 

adsorbed on ilmenite flotation products. 
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TABLE 1.56 

End-point results of the conductimetric titration of oleic 

acid in 1.6:1 ethanol-water solution.. 

Oleic acid 
mg. 

N/20 NaOH 
totalsml 

N/20 CO:-  
' 	ml.' 

00 cleats 
maq0 

Conversion 
factor, 	' 
mdieq. 

000 0065 0065 0.0225 

705 101 0065 090225 884 

2200 2025 0965 0006 276 

5900 5065 0.65 0015 260 

TAME 1057 

End point results of the conduotimetrie titration of 

tall oil in 196:1 ethanol-water solution. 

Tall oil 
mg. 

N/20 NaOH 
totalstal. 	• 

N/20 co;-,  
m10 

N/20 ergs- 
nic salt 
meg. 	. 

, 
Conversion 
• factors  

losphaeq. 

1106 1.15 0.65 0.025 472 

, 	54.2 205 	• 0.65 000925 370 

4502 5.0: 0065 	. 0.1175 366 

6409 4055 	.: 0065 0.195 362 
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PART II  

2. CONDITIONING AND FLOTATION OF ILMBNITE ORE. 
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2.1. INTRODUCTION. 

The conditioning of Limonite ore at pulp densities of 

about 70% solids consumes considerable amounts of energy. Several 

authors have shown that the integral energy consumption during 

, conditioning of metal oxides with fatty acids and neutral oils (1 28)  

or the power consumption (24) were factors whioh influenced the 

flotation results. In order to study the effects of these factors on 

the flotation of ilmenite, it was necessary to design a test assembly 

for determining the nett power conception in the conditioning 

tank. It was also required that this test assembly should permit 

sensitive and accurate control of the impeller speed. 

The d.o. shunt wound motor with separate excitation was 

especially suited for this purpose, as its speed could be varied 

or kept constant at any desired value by controlling the field 

voltage or the armature voltage (25926). The characteristics of• 

such a motor and the different methods of exoitation are presented 

in the Appendix, sections 2.6.1.-2.608. Preliminary tests based on 

theoretical considerations have enabled a test assembly with the 

required properties to be constructed ( see fig. 2.27 in the Appen" 

dix, section 2.6.40 ). The test assembly was operated at different 

speeds, while idling or under loadp.as described in the Appendix, 

sections 2.8.4. and 2.8.8.. It was established in these tests 

that both the impeller speed control and the nett power consumption 

were reproducible within .2% 
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This teat assembly was used for the conditioning of 

samples 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 the flotation 

products, in order to elucidate some aspects of fatty acid and 

fuel oil adsorption on iron-titanium minerals° 

2°20 EXPARIMMTAL MAILS. 

202.1. Averimental materials.. 

The Tellnes ilmenite batch contained approximately 20$ 

TiO2 or 40 ilmenite and 2% magnetite (2)0 The magnetite was not 

removed in these tests, and probably aocompanied the ilmenite in 

flotations The ore could be classified as an "ilmencriten, with 

ilmenite and magnetite as the valuable minerals° The gangue 

consisted of feldspar, hyperstheney and biotite, with secondary 

minerals such as olivine, hornblende, diopside, apatite and spinele0 

Pyrite, pyrrhotitey and chalcopyrite were present in small 

quantities corresponding to 002% S. The phosphate content varied 

from 002 to 0.4“206° The Tellnes orebody is rather finely orys-

tnlliney with very few grains larger than about 006 ma. 

The tall oil, the fuel oil, and the kerosene used were 

of technical grade, and were supplied by Titania VS0 These were 

samples of the actual reagents used in the industrial flotation 

circuit of Tellnes ilmenite. The oleic acid and the iso-oetane were 
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analytical grade reagents. 

2.2.20 1:Verimentalsmarslusl. 

The test assembly for conditioning of the ore comprised.: 

a. a 1502110mm diameter stainless steel conditioning tank; 

b. a V25 hope 'loco shunt Wound motor coupled to a shaft 

with three interchangeable impellers, in the form of three-bladed 

brass propellors, of 489  669  and 84mm diameter respeotively9  with 

the blades at 200  inolination9  and with total blade areas of 4.59  

9$  and 18 cal  respectively; 

co a deco test assembly, described in the Appendix, 

section 2.6.40 

The flotation assembly comprised a stanaard laboratory 

Ogren unit, operated at 2200 r.p.m. 

The apparatus for reagent assaying comprised: 

a. 10210mm diameter plastic containers with close fitting 

lids for the collection of samples; 

b. 50m1 centrifuge test tubes with close fitting lids for 

reagent desorption and for fatty acid. saponification; 

Co miscellaneous glassware for titration!: and optical 

density measurements 

2.2.5. loerimentalrooedure. 
The crushed ilmenite ore ( 404t ) was wet ground in 

laboratory batch mild steel rod mills to 99% below 854 B880 

Individually ground batohes, each of 1.1 kg9  were deslimed by 

settling and decantation. The desliming was controlled in suoh a 
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way that 10% of the feed was removed as slimes. The deslimid 

batches were stored under water until required. Distilled water 

was used in all operations in order to eliminate the effect of 

tap water ions. A standardised prooedure was adopted for both the.  

grinding and the deslimingp so that the grain size distribUtion 

of the individual batches was nearly constant. 

After thermal equilibrium in the electrical circuits of 

the test assembly had been reached ( ace section 206.40 in the 

Appendix) the wet feed was transferred to the conditioning tank 

at 70% selids. After thermal equilibrium was regained at the 

impeller speed used, the reagents were added by means of a syringe, 

which was accurately weighed before and after reagent addition. 

The variable resistanoe controlling the voltage applied across 

the armature permitted a constant impeller speed or a constant 

agitation throughout the conditioning periclito be maintained. 

Polar consumption values were recorded at regular intervals suing 

the rirecednre outlined in section 2.604-0 of the Appiaudilko 

After the desired conditioning time the pulp was 

transferred to the flotation cell, diluted to 80% solider, agitated 

for half a minute with the air inlet valve closed, and then floated. 

This initial agitation time over the range i-5 minutes had no 

effect on the flotation results. The amount of air introduced did 

not affect the flotation results when flotation was carried out to 

the visual end.point, aa judged by the appearance of a albite, 

barren froth. 
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Bach flotation product was filtered, blended, sampleds  and 

assayed for reagent content according to the procedure outlined in 

eeotion LAO. The ilmenite content of the flotation produots was 

determined at Titania A/S. 

The parameters to be varied in the tests described in the 

following sections, &M.-2.50120, were; the initial reagent 

addition, the impeller speed, the conditioning times  the mode of 

addition of the reagents, the tall oil/fuel oil ratios  reagent 

mixtures other than tall oil-fuel oil, the ferric chloride addition, 

the sulphuric acid additions  and the addition of the fine fraction 

of the batohes. 

In all tests the conditions in the flotation cell were 

practically constants  and since flotation was carried out to the 

visual and-point the flotation results uere always a direct function 

of the conditioning parameters. The flotation results at any 

particular combination of these parameters were reproducible within 

&5% and because of this the results of one teat only were reported 

for each oombination. 

The following terms were used when presenting the 

flotation results: 

°Initial reagent addition" - the quantity of the respec-

tive reagent added to the conditioning tanks  expressed as grams of 

reagent per kilogram of dry ilmenit* ore; 

"Per cent weight rougher concentrate" - the per cent 

weight of the rougher concentrate expressed in terms of the initial 

ilmenite ore feed; 
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"Rougher concentrate grade" - the per dent ilmenite content 

by weight of the rougher conoentrate; 

"Ilmenite recovery" - the per cent 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 is found in the rougher concentrate; 

"Reagent recovery" - the per cent weight of each initial 

reagent addition whioh is found in each flotation product; 

"Reagent concentration" - the reagent content of each 

flotation product expressed in terms of grams of reagent per kilo-

gram of dry flotation product; 

"Power consumption" - the nett power consumed at any 

particular instant during conditioning in agitating the pulp ( see 

sections 2.6.4.-2.6.5. in the Appendix )o 

The effects of the parameters mentioned above on these 

flotation results are presented in the sections which follow. The 

data relating to the individual tests are tabulated in section 20606. 

of the Appendix9  and these tests are referred to by a series of 

consecutive numbers. 
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&Se IIMPalMFATAL RSBULTS. 

2.5.1. The relation between the initial reAgtataddiA152 ankthe.  

flotation results. 

The initial reagent addition was varied in a series of 

preliminary teats ( Nos. 1-15 ) in which the ilmenite ore was 

conditioned for 15 minutes at 1100 r.p.m. using the 84mm diameter 

impeller. No change in the pH was observed during conditioninWS#02). 

The pulp became viscoub several minutes after reagent addition. 

Therefore the impeller speed was raised to 1400 r.p.m. in order to 

maintain proper movement of the pulp. The apparent viscosity of the 

pulp decreased gradually, so that the impeller speed could again 

be lowered to the initial value of 1100 r.p.m. towards the erd 

of the conditioning period. 

The ilmenite recovery, the gangue recovery, and the rougher 

concentrate grade were plotted as functions of the initial reagent 

addition in fig. 201. The per cent weight rougher concentrate, the 

reagent recoveries in the rougher concentrate, and the reagent 

recoveries in the rougher tailings were plotted as functions of 

the same parameter in fig. 202. 

Fig. 2.1 shows that the ilmenite recovery increased from 

17.5 to 9061  while the gangue recomerirmItesed from 15 to 58,i,  when 

the initial reagent addition was increased from 0.78 to 1.04 g/kg 

of a 1:1 ( by weight ) tall oil/fuel oil mixture. The ilmenite 

recovery increased very little 'while the gangue recovery inoreased 
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steadily to 70 when the initial reagent addition was further 

increased from 1.04 to 1.74 g/kg of the 1:1 tall oil/fuel oil 

mixture. rig. 2.1 also shows that the rougher concentrate grade 

was a maximum at an initial reagent addition of 1.04 g/kg of the 

reagent mixture. 

Pig. 2.2 shows that the tall oil an4 fuel oil recoveries 

in the rougher concentrate increased with the initial reagent 

addition in proportion to the increase in the per cent weight 

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 - except in tests 

where the per cent rougher concentrate was low. Analysis of the 

feed immediately after conditioning showed however that all the 

initial reagent addition was present in the bulk solids. 

The reagents unaccounted for in the flotation products 

were found in the flotation liquor°  and were probably present as 

a slew-settling colloidal suspension°  which could be flocculated 

by addition of ferric chloride. Having been loosened during 

conditioning they were removed from the mineral aurfaoe by disper-

sion in the greater water volume. This phenomenon was confirmed in 

all tests performed. 

The viscosity changes mentioned above which occur in 

the pulp during conditioning were reflected in changes in the 

power consumption. The relationship between this factor and the 

flotation results is therfare oonsidered in the section which 

follows. 



- 134 - 

2.8.20 The relations/41 between the pattern of the_pgger consumption 

curve duriaLoonditioniug and the flotation results. 

To establish a relation between the pattern of the power 

consumption during conditioning and the flotation results:  the 

initial reagent :Watt= was kept essentially oonetant at 1006h0.02 

g/kg of the 1:1 tall oil/fuel oil mixture. This initial reagent 

addition was slightly higher than that whioh gave maximum limonite 

recovery and maximum rougher concentrate grade in the tests of the 

preceding section ( 2.3.1. ). 

The power consumption was measured at regular intervals 

during conditioning and the values obtained ( see tables 2.4.2.6 in 

section 2.6.6. of the Appendix ) were plotted as a function of the 

onnditioning time in fig. 203. The power consumption curves obtained 

in all these tests corresponded closely to one of the three curves 

presented. in this figure, which were typical of the three different 

modes of control of the impeller speed during oonditionings, as 

described below. 

Curve I was obtained when the impeller speed. was raised 

from 1100 to 1400 r.p.m. in relation to the increasing viscosity 

( see teats Nos. 14-17 in table 2.42  section 2.6.6. in the Appendix ) 

as mentioned in the preceding section. As a result the nett power 

consumption reached a peak of about 86 watts. The impeller speed was 

then lowered to the initial value as the viscosity decreased again 

and was maintained at this level. The increased impeller speed was 

necessary in order to keep the pulp in nearly constant movement 
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throughout the entire conditioning period, as judged by visual 

observation of the vortex. 

Curve II was obtained when the impeller speed was kept 

constant at the low level of 1100 ro p.m. by varying the power input 

during the period of increased viscosity ( see tests Nos. 18-28 in 

table 2.5, section 2.6.8. in the Appendix ). As a result the nett 

power consumption reached a peak of about 15 watts. The pulp moved 

slowly during the period of increased viscosity. 

Curve III was obtained when the impeller speed was kept 

constant at 1400 r.p.m. by varying the power input during the 

increased viscosity period ( see tests Nos. 29-58 in table 206, 

meotion 2.6.6. of the Appendix ). As a result the nett power consump-

tion reached a peak of about 24 watts. The high impeller speed kept 

the pulp in satisfactory movement throughout the entire conditioning 

period, as judged by visual observation of the vortex. 

These three typical curves represented two extreme- II and 

III - and one intermediate case - I - of conditioning intensity. 

In the case of curve II the pulp movement VW! at the lowest limit 

( see section 2.6.5. in the Appendix ) during the inoreased viscosity 

period, and in the ease of curve III it was at the top limit ( see 

section 2.8.5. ) during the normal viscosity periods. Only in the 

ease of ourve I was the pulp movement uniform during the entire 

conditioning period. 

It was mentioned in the preceding section ( 2.8.1. ) that 

the variation of the net power consumption in the conditioning tank 
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reflected the viscosity changes during conditioning. A considerable 

flooculation of the pulp was observed during the conditioning and 

it was therefore assumed that the increased pulp viscosity was a 

result of this bulk flocculation, while the deoreasing viscosity 

was a result of the subsequent deflooculation of the bulk. On the 

basis of this assumption the five distinct sections on the three 

typical power consumption curves were identified by referring to the 

observed flocculation-deflocoulation phenomenon in the pulp. 

Fig. 2.3 shows a series of oharadteristic points ( - 0 ) 

which were assigned to the typioal power consumption curves in order 

to permit correlation with the flotation results obtained when pulps 

were conditioned to these particular points. These characteristic 

points were placed at the entremitiee of the five sections, and at 

aqui-distant positions along the sections, as shown in fig. 2.30 These 

five sections of the power consumption curves corresponded to the 

following five periods of the conditioning process: 

a. the "induction period" - between the characteristic 

points 3 ( for start ) and BEI  during which the viscosity and the 

power consumption changed very little; 

b. the "flocculation period" - between points B and 26 

during which the viscosity increased rapidly to a maximum; 

0. the "flocculation peak" - between points B and F, 

ocouring at the highest values of power consumption during conditioning, 

which nark the end of the flocculation process; 

a. the "defl000ulation period" - between points F and I., 
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during which the viscosity decreased rapidly-to the initial level; 

e. the "dispersion period" - starting at the characteristic 

point /AD during which the original values of the power consumption 

were maintained to the end of the conditioning process° 

Fig. 2.5 ( see also table 201 ) shoes that the high 

impeller speed in the case of Curve I reduced the duration of the 

flocculation period, of the flocculation peak, and of the defloo-

oulation period, in contrast with the case of curve II. The high 

impeller speed during the induotion period in the case of curve III 

also reduced the duration of the induction period compared with the 

oases of curves I and II° These comparisons showed that the 

increased impeller speed accelerated the flocoulation-defloopulation 

phenomenon during conditioning° 

In every group of teats corresponding to one of the three 

typical oases of impeller speed control, the actual power consumption 

ourvee were slightly displaced in relation to each others both along 

the time scale and along the power consumption ecale ( see tables 

204, 205, and 2.6 in section 20606° of the Appendix ). The mall 

displacements observed were a result of experimental errors such as 

slight variations in the initial power consumption valuer  which WO 

a function of the pulp density, of the particles sine distributions  

and of the weight of the samples  as well as slight variations in 

the manual control of the impeller speed during the periods of 

rapidly increasing or decreasing viscosity ( measurements of the 

power consumption and adjustments of the impeller speed were carried 
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out at 50 seconds intervals ). These experimental errors were within 

WA  and had no effect on the position of the characteristic points. 

They also had little effect on the flotation results9  as shown later 

in this section. 

The time values corresponding to the characteristic points 

on curve I ware chosen as the reference scale for graphical presen-

tation9  since these oharaoteristio points appeared to be important 

in the study of the conditioning and flotation behaviour. This means 

that a particular characteristic point such as Els, on the three 

different curves shown in fig. 2.59  would appear to have the same 

effective conditioning time of 8i minutes as in the oase of our 19  

even if the actual conditioning time were 5 minutes in the case of 

curve III or 10 minutes as in the case of curve II. 

A lettered scale 39  4 B, OOP 000 Q9  vas used in all these 

tests ( Nos. 14-58 ) as abscissa, and the position of these Characte-

ristic points vas determined from the projection of the respective 

points 	curve I onto the time scale, as shown in fig. 2.5. F r 

the purpose of comparison the actual time values corresponding to 

the projections of the charaoterietio points of curves 19  II, and III 

were presented in table 2.10 

The pulpri in tests Nos. 1448 were conditioned to the 

different characteristic points along the individual power consumption 

curves ( see tables 2.4, 2.59  and 2.6, section 2.8.60 of the Appendix ) 

and the flotation results ( see tables 207, 2.89  and 2.99  section 

2.6.6. of the Appendix ) axe presented as a function of the 



- 140 

TABU 2.1  

The valuesp in minutest, corresponding to the projection of the 

characteristic points of the three power consumption curves on 

the time scale. 

-,,Poil t ,,,.... 
3 ABCDISYCHIJICLMNOPQ 

Cur, 

1 0 5 8i 7 8 	81. 9 8i. 10 11 ig 18 15 • 25 50 85 40 

II 0 4 6 4 811 911r 11 12 15 15 16 17 19 24 29 54 89 44 

III 0 1* 51r 4 4.11- 5 	31r Ss 7 Sir 9 10 12 16 20 24 28 32 

Durations of the pee ioas on the three power consumption curves 

( in minutes ) 

Period 
Curve Inauotion Plocoulation Peak Deflosoulation 

I 

II 

III 

511- 

6 

Si 

a 

ai- 

lir 

* 

4 

i 

6 

8 

Br 

characteristic point in figures 204 and 2.5p using the lettered soale 

defined above. The ilmenito reoovery and the gangue recovery are 

presented as function of this parameter in fig. 2.4. The percent 

eight rougher ooncentratep the reagent recoveries and the, reagent 

concentrations in the rougher concentrate are shown in fig. 2.5. 
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The power oonsumption ourve I to shown as a dotted line in both fig. 

2.4 ate. fig. 205 for 708,110=1W comparison. 

Examination of the curves in figures 2.4 and 2.5 shows 

that the following results were obtained 	oonditioning up to and 

during the partioular periods: 

a0 Conditioning during the "induction period" gave very 

low per cent weighto of rougher concentrate;  oonsioting mainly of 

fines;  and only part of the reagents was found in the rougher concenp 

trate at very high ooncentrations of the reagents; thin indicated 

that only part of the reagent; were adsorbed during this period.. 

b. Conditioning during the "flocculation period" gave a 

gradual and non-soleotive inarease of ilmenite and gangue recoveries;  

and e oorresponding increase of the reagent recoveries in the rougher 

concentrate, both being proportional to the incresee in the power 

oonsumption; in addition the concentration of the reagents in the 

rougher ooneentrate dooreased rapidly. Thio indicated that more 

relents were opiokly adoerbed during this period and were randomly 

distributed between an increasing number of partio/es. The inoreasing 

bulk flocoulation in the conditioning tank and. the increasing 

per cent weight rougher concentrate were both a result of the 

inoreasing number of reagent-coated partioles. 

c. Conditioning during the "flocculation peak" gave 

maximum per cent weight rougher concentrate and maximum reagent 

renovorion to the rougher ooneentretev  while the reagent eoneentra- 

*1 	in the rougher concentrate was at a minimum and the sleotivitY 

was still negligible. Thte indicated that nearly all of the initial 
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resgents were adsorbed on a maximum number of partiolee of all 

speoiess  and as a result bulk flocoulation and per cent weight of 

rougher concentrate were at a maximum° 

a. Conditioning during the "defl000ulation period" gave 

a rapid depression of the gangue while the ilmenite recovery increased 

further and levelled off at a maximum value near 1004 at the eame. 

time the reagent recoveries in the rougher concentrate started to 

decrease while the reagent concentration first increased and then 

levelled off at a constant value° These results suggest that a rapid 

transfer of reagents from the gangue to the ilmenite particles took 

place .during the period when almost all particles were flocculated 

and hence in intimate contact° Subsequent to this transfers  the 

reagents mere removed from the now poorly coated gangue particles 

by the attrition in the highly dense pulps  to be dispersed in the 

flotation liquor as colloidsb AA a result of the decreasing number 

of reagent-coated particles the pulp deflooculated and the visoosity 

decreased rapidly° 

eb Conditioning during the "dispersion period" gave a 

gradual depression of the ilmenite and a much slower depression 

of the gangue, with decreasing reagent recoveries in the rougher 

ooncentrate proportional to the decreasing per cent weight of 

rougher concentrates  the reagent concentration in the rougher 

concentrate being nearly constant° This indicated that the reagents 

were removed from the ilmenite particles in a manner similar to 

that suggested for the gangue particles during the deflocoulation 
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period. The reagent concentration in the rougher tailings was 

negligible at all oharaoteristio points, which supports the 

suggested explanation of reagent removal from the poorly coated 

pad.tioles. Since the depression of ilmenite was accelerated at 

higher speeds during the dlsperslon intervelp the suggested attrition 

of the reagents receive& further support. 

The correlation described above &Owe& that under 

efroumatanoes of sufficiently high pulp density for example, which 

permit bulk flocculation to take place, the Flotation results of an 

ilmenite pulp conditioned with tall oil and. fuel ail were a direct 

function of the conditioning prorates, as represented by the power 

consumption curve. Sinoe the flotation results obtained according to 

the three different power consumption curves gave continuous curves 

when presented as a function of the characteristic point in figures 

2.4 and 2.59  it was evident that the characteristic point on the 

power consumption curve was an appropriate indicator for the 

conditioning process and for the phenomena taking place during 

conditioning. This wee equally valid for testa in which the impeller 

epee& was kept oonatant at low or high levels during conditioning, as 

well an for tests in which the pulp movement was kept nearly constant. 

These considerations show that the effects of different 

factors such an initial reagent addition, reagent ratio, and type of 

reagent on the flotatiOn results, must always be examine& whilst 

referring to characteristic points on the power consumption curve 

whieh denote a particular stage of the conditioning process. The points 
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Of major importance were firstly the "flocculation peak" (i w F )a  

characterised by maximum per cent weight of rougher concentrate and 

maximum reagent recoverieaa  that is at the end of the reagent 

adsorption prooeeaa  and secoedly the end of the "defl000ulation 

period" ( L ), characterised by maximum ilmenite recovery end by 

eeeleum seleativitya  that is the highest rougher concentrate grade. 

It raa important to examine the net energy impute required 

on all three power consumption curvea to reach the two char oteristio 

points mentioned above). The net energy inputs were caleulated by 

integration of the respective areas below the power consumption 

curves in fig. 2.89  and are presented in table 2.20 

TAB 24 

Net energy inputs eequiree to reach the flocculation peak 

( ) and the end of the eeflocoulation period ( on the 

three typical power consumption curves )0 

Curve 

Start of fl000ulation peek End of flocculation period 

Thaws  
min. 

Energy 
;As 

ooncumptions  
kWh/ton 

Timea  
min. 

lbergy 
J/kg 

consumption, 
kWh/ton 

I 

III 

II: 

84 

eee -2  

5 

5700 

8250 

5150 

1.87 

1.26 

0.75 

18 

19 

12 

14500 

12000 

111000 

4.05 

5.54 

5.06 

Examinetion of table 2.2 shows that the integral energy 

input required to reach the given char oteriatio points on the three 
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curves differed, allthough the flotation results were the same, as 

shown earlier in this ceotion. The lowest net energy input was 

obtained when the agitation intensity was highest throughout the 

entire conditioning period. It is significant that the energy 

oonsumption during the deflocoulation period of curve III was 75$ 

of the total energy input required to reach this point. 

The temperature of the pulp vas measured during oonditio-

ning and * typical curve presented in fig. 2.6 shows the temperature 

SS a function of conditioning time. Starting temperatures of 20-25cb 

had no offeot on the correlation between the flotation results and 

the oharaoteristio points ( shown earlier in this section )0 

2.5.5. - 2.5.12. Bffecte of various parameters on the flotation 

results in relation to the charaotetiatie_points on the_power 

consurtzbion curve. 

The effects of a aeries of parameters on the flotation 

results ate examined in these sootiont„ in correlation with the 

characteristic points on the power consumption curve mentioned in 

section 2.5.2., namely the fl000ulation peak and the end of the 

deflooculation period, that is the pulps wore always,  conditioned 

to one of these points and then floated. In this manner the 

conditioning process had always progressed to the same stage. 
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FIGURE 2.7 

POWER CONSUMPTION V. CON9krzomING TIME CURVES AT 

DIFFERENT INITIAL REAGENT ADDITIONS. 
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2.5.5. Initial reagent addition. 

The initial reagent addition was varied from 0.78 to 

201 6/kg of the 1:1 tall oil/fuel oil niztuce. The conditioning 

ma stopped at the start of the flocculation peaks  Ws  in testa 

Nos. 54-57s  at the end of the deflocoulation ,periocis  "Lus  in tests 

Nos. 59-55s  and at point M" in the dispersion periods  in toots Nos. 

58-69. Power Consumption measurements showed that curves of type II 

were obtained in all oases when the initial reagent addition was 

act eater than 1.7 g/kg of the reagent mixture. Above this initial 

reagant addition the defl000ulation was inoomplote as shown in fig.2070 

The ilmenite and Gangue recoveries at different characte-

ristic) points are presented as functions of the initial reagent 

addition in fig. 2.8. The correlation between the limonite and, gangue 

recoveries and the initial reagent addition which was obtained at the 

characteristic point "L" was the same as that obtained in tests Nos. 

1-15 and shown in fig, 2.1. This was attributer) to the fact that 

the conditioning was stopped in both series of tests at the end of the 

deflooeulation period, when the initial pulp viscosity -was regained 

as mentioned in section. 2.5.10 

The correlations between the limonite and ganguereeoveries 

an6. the initial reagent addition which were obtained at the oharacte-

rietie point "N" were the same tD those obtained at point "IPs  but 

the respective curves were shifted towards lower recoveries because 

of the further depression of pertiolee in the period between points 

L" and V"0 The respective characteristic. correlations obtained at 

point "V were also similar:, but the curves were shifted towards 
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high reesoveriee at even lee initial reagent eadition„ and shaved 

little selectivity of flotations  in good agreement with the Maras-

terintie of this point. 

The ourves in fig. 2.8 also show that all the solids 

were floated at particular initial reagent additions which were 

determined by the position of the characteristic point. Maximum 

selectivity of flotation was observed at an initial reagent addition 

of 1./ g/kg of the 1:1 tall oil/fuel oil mixture at the characteristic 

points "L" and. "N", in good agreement with the value obtained in 

section 2.5.1. 

The per cent weight rougher concentrate and the reagent 

recoverice in the rougher concentrates  corresponding to the data 

presented in fig. 2.8, ero plotted as a function of the initial 

reagent addition 	fig. 2.0. The correlation observed et the 

eheraoterietio point "L" was the mama as that shown in fig. 2.20  

neelogaua to the :similarity between the oorresponding curves in 

figures 3.8 anE 2.1 mentioned above. The curves obtained et the 

cheraoterietio points "E" and "N" showed a similar oorrelation, but 

they were shifted to higher or lower reooveries„ respectively, 

depending on whether the desorption process had not yet started or 

had. already proceeded beyond the end of the deflocculation period:, 

"L". In all cases the reagent recoveries increased with inerwing 

per cent weight rougher concentrate, and the recoveries of both 

retgents were nearly oval at all points°  thus maintaining the 

initial 1:1 tail eil/fuel oil ratio. 
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The reagent oonoentrationz in the rougher concentrate were 

presented as c function of the initial raa nt addition in fig. 2.10. 

The ourvos obtained thou th t thin reagent conoentration 'a at a 

EiniMUM for en initial reagent addition of 1.1 g/kg of the reagent 

mixture, 'shish was the snmo as the optimal initial reagent arlaition 

giving maximum limonite recovery and ma .mum flotation seleotivity 

at the characteristic point qi"9  as shown in fig. 2.8. 

The data presented in fig. 2.8 were used for the oonstruction 

of a set of curves ehown in fig. 2.11 each representing a constant 

reagent addition and each showing the relationship between 

ilmonite nrek gangue recoveries and the position of the characteristic 

point. The corresponding ourvee from fig. 2G4 are erica presenteds, e 

they we used for the oonotruction of the other curves in the interval 

between paints "1" end "11". The curves obtained showed that the 

depreosion of i1neuito wan delayed et high initial reagent additiono  

and that It otorted even in the deflooculation period when the initial 

reagent addition vale lo,PA bolo': the optimal value mentioned above. rle 

gangue r000very'elas shl.fted towards loror or higher valueso  depending 

whether the initial reagent addition erne below or above the optimal 

vain% rcepeotivelyt 

These correlations show that the flotation results ere a 

function of the initial reagent addition at any given oharacteristio 

lgoint ever this renge9  and that accordinglyv  the desorption of the 

reagents during the deflooculation and dispersion periods was a 

Inflation of the reagent ooneentration on the particles. 
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The= correlationa also ghee  that the optimal initia 

resgent addition meBe it possible to obtain nearly 100% ilmerite 

recovery at maximum  flotation selectivity at the expense of the 

cleanest energy consumption, reqeirea to reebh the oneraeteristio 

point "IP. The same flotation resultc were obtatned at higher reagent 

additions after longer conditioning time to the cherecteristivepoints 

"M" or "N", at the mxpence of higher energy coreumptiens. The power 

consumption curves were however the same at all initial reagent 

additions below 1.7 g/hg of the reagent mixture, &ovine that the 

same energy input was required to reach a given oheraoteristie point 

at different initial reagent °entente over this range. 

go5.4.Tell eil/fueleil ratio. 

The tall oil/fuel oil ratio was varied in ads series of 

taste ( No ..70-90 ) ever the range 2:1 to 1:2, This was accomplished 

by keeping the initial tall oil addition constant at 0.45, 0.55, and 

0.65 GA& and varying the fuel oil addition over the range 0025 to 

1.05 gAeg. The pulps were conditioned to the end of the deflocculae 

tion period, "L", arid, payer consumption curve of type I was obtained 

in all cases. This chomea that the variation of the fuel oil addition 

did. not affect the total energy conaumea up to this charecteristio 

point. 

The ilmenite„ gangue ana reagent recoveries in the rougher 

concentrate at different initial tall oil additions are presented as 

functions of the initial fuel oil addition in fig. 2.12. The curves 

obtained Dhow that the ilmonite and gangue recoveries were constant 
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at nn initial fuel oil addition excoeding 0.45 ekg, but fell off 

when the fool oil cddition ran deoreased holm this value. It wen 

concludod from the thnt ties optimml flotation reoulte obtained at 

1.1 nn of the 1:1 toll oil/fuel oil mirturo in oection 2.5.5. 

corresponded actually to an optimal initial tall oil addition of 

0.55 g/kg in eon junction with an optimal initial fuel oil addition 

of 0.45 g/g. 

The tall oil and fuel oil reooveries in ea0 rougher 

concentrate were equal to each other at any tall oil/fuel oil ratio 

applied, ohowing that the distribution of these two reagents on the. 

ourfaoe ran always the name 12.5 in the feed. Thin was confirmed fro 

the vaiuos of the reagent ooncentrationo in the rougher oonoentrate, 

prevented as a funotion of the fuel oil addition in fig. 2.15. The 

curve corresponding to 0.6$ g , initiol tall oil addition was moot 

significant, shooing that Esopite the low per  cent weight rougher 

canter. eater  the tall oil concentration of about 0.65g per kg rougher 

oonoontrate von oinont the regime as that obtains& at 0.55 	initial 

tall oil content with nenn17 1QO ilzenite r000veryo This was evidently 

the minimum avernne surface ooating of floatable particles at thin 

vise distribution. 

Addition of sulphuric moid. 

Addition of sulphuric cold to the conditioning tankp at 

the point oorrooponaing to the end of the fl000ulation peak, 

roc-tilted in an immediate defIcoonlation. The duration of the 



-----_ .. -._- - .. ,--- .-_ .. --._-.. - . ~--- I 

RE.t%..G.l1iNT CONC£m~RA~iIONS IN ROUGH'&rt CONQ~lrrlA'£~ A'I: DIFFficLi:NT TALL OIL 

ADDITION'S AS FUNCTIONS OF TILil INITI.AL FU~ OIL ADDITION (POINT 
Tall ---- r- -~~-r- 1'°_' -.-. -_. ~ry> . 
01.19 

)( 
Fu~l 

l 
oil 

600-

cen=-
tra-
tion, 
g/kg 

t 

OoE, 

o 

Irdtial fUdl oil add.i tiO!lfJ g/lCg ~ 

Tall ()il 6onodntr~tion in roughar conoo) ,at JoS5 g/kg 

Fuel 19 If I~ !, I; tall o:l.l 
@---Ql-' ~ 'rall IS It n It r; 

} at Uo55 ~/kg 

~..t~ .~ FUG.ll i. n Ii t~ II tall oil 

o-o--~ Tall t~ '0 I~ i' ,e 

1 at 0045 g/lcg 
~uel It 16 I\l I' i' tall oil 



- 161 - 

&flocculation period was reduoed from the usuml 8-9 minutes to half 

a minute, when the sed of the pulp was reduced from 6.5 to 44 by the 

addition of 4 mecuivo sulphuric aoid per hg. solids, as shown by the 

power ocnsumption curve of test NC. 100 in fig. 2.16. The power 

oongumption level reached during this accelerated deflocoulation 

was a function of the pH, t5 shown by compsrlson of the curve* of 

tests Nos. 9 96, 100 and 104 in fig. 2014. ' 

The resulting saving in the energy consumption, determined 

by integration of the areas below the respective four ourvesr  were 

50, 609  and 70 of the nett energy consumption required to reach point 

n14' at constant pH (6.b )„ when the sulphuric: acid added at the end 

of the flocculation peak reduced the pea to 0.59  4,51, and 5.5 respec-

tively ( e alno end of sectIlen 2.1102 and table 2.2 ). 

The Limonite and gancue recoveries at different initial 

reagent eaditions tie pramonted am functions, of the pH value reeched 

during &flocculation in fig. neis ( tests Hos. 91-106 ). The curves 

obtained show that tho gmmeue was already doprossed by the small 

addition of 2 nequiv. mulphurie acid, which correspond* to the 

lowering of the pH from 6.5 to 5.5. Further lowering of the pH 

restated in toe r pronounced gangue depression. The ilmenito was also 

depressed, especially at ion initial reagent addition9  at values below 

or, equal to the optimal addition of 1.1g/kg of the 1:1 tall oil/fuel 

oil mixture, det,,rmined for &flocculation at oonstant pH ( 6.5 ) in 

sootion 205.5. The depression of ilmonite however, increased progres-

sively with incrAlsing sulphuric acid addition. Both ilmenite and 
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FIGURE 2.15 

ILMERITE AND GAZZUE RECOVERIES AT DIFFERENT INITIAL REAGENT 

ADDYTIONS AS FUNCTIONS OP THE PH DURING THE DEFLOCCULATION. 
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gangue recoveries were higher et higher initial reagent additione 

when the pH was lowered to a given value. Fig. 2.15ahows that the 

iimerite reoovery at 1.24 g/leg reagent mieture and at OH 4.5 was eqnal 

to that at /A g/kg reagent milcture at pH 6.59  Whereas the gangue 

recovery in the former ce,s© wee half of that in the latter cane. 

These improved results were obtainea with the additional advantage 

of a 60 reduction in the energy consumption9  as shown above. 

The reagent recoveries in the rougher concentrate and the. 

per cent weight rougher concentrate at different initial reagent 

additione area oho= as functions of the lowered pH in fig. 2.16. The 

curvet obtained showed that the reagent recoveries were proportional 

to the klor coat weight rougher concentrate at all pH values. This 

suggested that the desorption of the reagents by means of sulphuric 

acid tae not hssically different from the normal desorption of the 

Ivagyantm byattritions, but the rate of the desorption was much higher. 

The reegent ooncentrations in the rougher conoentrates 

at different initial reagent additione are ahom. as fnnotions of 

the va in fig. 2.17. The curves obtained ahem that the reagent con-

centration ras nearly cenatent at any given initial reagent 

addltionv  eith the initial tell oil/fuel oil ratio being maintained. 

A line msrking tha nointe of 95% ilmenite recovery drawn in fig. 2.17 

inteessetretho reagent ooneentration curves® at the points correspon-

ding to the minimum surface oovorage at different pH values. Tbic 

Ealairinm rotgent eentantretion increased in inverse proportion to 

the pH. 
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FIGURE 2.16 

Reco- 
verya
o wt. 

60 

60 

40 

20 

PtH CENT WEIGHT ROUGE tR CONCENTRA2E AND REAGENT RECOVERIES IN 

THE ROUGHa CONCENTRATE AT DIFFERENT INITIAL REAGENT ADDITI0LS 

AS FTINCTTnNs nu THR PR DTTRTNG TWO: TWW400011IATTON PERIOD. 

/ 

v/ 	/17 

/' 

/ iw
„./ 

./ 

5.5 	405 	5.5 
	

6.5 	r11 -p 

No•-vo---11,  Tall oil recovery at 1.4 g/kg of the 1:1 t.o./f.o. ma t. 
II 	et 	et 	se 	to 
52 	to 	It 	It 	if 

" 	if 	if 	" 	et 

t2 	X 	tt 	II 	X 

it 	it 	it 	It 	it 

It 	:V 	if 	et 	It 

It 	.1 	X 	111 	ft 

	

1111111UH 	x 	n 

t? 	ft 	P9 	V/ 	et 

ID 	SI 	52 	It 	?I 

It 	It 	It 	to 	12 

te 

n 

" 
ft 

It 

It 52 

51 it 

n 
59 II 

ft It 

4.--*--x 
trz— —0 —12 

Fuel 	” 	it 	of 	.m 	re 
/2  Wto rougher conc. 	n 

Tall oil recovery at 1.24 " 
Fuel 	" 	n 	It 	it 	it 

%  wt. rougher conoc 	" 	n 

Tal]. oil recovery at 1.1 
Fuel 	" 	if 	51 	11 

1;wto rougher conc. 	ft 

.431.-v—W Tall oil recovery at 1.0 
lg.. ...*. .....4 Fuel 	" 	n 	. 	It 	le 

a—la -a .̀/.6  w 	.rougher cone;. 	if 



166 

FIGURE 2017 

REAGENT CONCENTRATIONS IN THE ROUGHER CONCENTRATE AT 

DIFFERENT INITIAL REAGENT ADDITIONS AS FUNCTIONS OF 

Reagent THE PH DURING THE Di:FLOCCULATION PERIOD. 
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Addition of sulphuric acid prior to reagent addition 

prevented bulk flocculation9  as shown by the power consumption curve 

of test No. 107 in fig. 2.149  in which the initial pH was lowered 

from 6.5 to 4.59  in comparison with the ourve of test No. 1000 The 

pulp in test No. 107 was conditioned for the same length of time 

which corresponded to point no" in test No. 929  at a constant pN 

( 6.5 )9  as shown in fig. 2014. The resultant ilmenite and gangue 

recoveries in test No. 107 were 95.5% and 50 respectively, compared 

with 90 and 40 respectively in test No. 959  in which the same 

initial reagent addition of 1.24 g/kg was used at pH 6.5. The 

recoveries in the corresponding test No. 101, in which the same 

initial reagent addition was used and with the pH lowered to 4.5 

after the flocculation had taken place, were 92.5 and 17% respec. 

tively. Thin comparison showed that addition of the sulphuric acid 

before the reagents were added did not prevent their adsorption. 

The addition of the sulphuric acid prior to the reagent addition, 

however, was not as effective in the subsequent desorption of the 

reagents from the gangue particles, as was the addition of the same 

amount of sulphuric acid after the flocculation peak was attained. 

It was concluded that sulphuric acid was effective as a 

depressant when introduoed after the flocculation peak was reached, 

when it induced a stronger depression of the gangue with a conside-

rable saving in energy consumption. 
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2.5o6. Rougher flotation and. reconditioning at high gulp density-. 

The pulp in test No. 108 was first conditioned until the 

flocculation peak was reached., as shown by the power consumption curve 

in fig. 2.18. The limonite and gangue recoveries were 97 and 84.5% 

respeotively in correspondence to the initial reagent addition or 

1.15 giks of the 1:1 tall oil/fuel oil mixture and to the characteristic 

point "7". The rougher concentrate and tailings were thickened and 

returned to the conditioning tank, followed by reconditioning at the 

original pulp density of 70% solids. The power consumption curve 

obtained was a continuation of the original power consumption curves, 

as shown for test No. 108a in fig. 2.18. The pulp was conditioned to 

the end of the deflooculation period, and the ilmenite and gangue 

recoveries were 98 and, 40% respectively, in comparison with 95 and 41% 

respectively in test No. 109, which was carried out by uninterrupted 

conditioning to the ease characteristic point "L", as shown in fig. 2.18. 

This phenomenon was observed when the rougher concentrate only 

was reconditioned, or when reconditioning at constant pH ( 6.5 ) or at 

successively lowered pH• was interrupted several times by intermediate 

flotation cleaner stages. In each ease the flotation results corresponded 

to the characteristic point reached during the reconditioning, and the 

preceding flotation had no effect. 

These results have shown that the process of desorption of. 

the reagents during the deflocoulation period clan be carried out in the 

presence as well as in the absence of the gangue particles which are 

depressed during the rougher or cleaner flotations, provided the original 

high pulp density is applied during reconditioning. The advantages 
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FIGURE 1.18 

POWER CONSUMPTION V. CONDITIONING TIME CURVES WHEN THE 

CONDITIONING WAS INTERRUPTED AT POINT "F" BY ROUGHER 
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of reconditioning after the flocculation peak were, therefore, a 

direct result of the removal of part of the gangue during rougher 

or cleaner flotation, so that both energy consumption and acid 

consumption were reduced during the deflocculation period. 

2.5.7. Bgpeated cleaner flotation at oonstant_OH and at sucoessively 

reduoedgi values. 

Aa ilmenite ore pulp was conditioned until the end of the 

deflooculation period was reached and was floated ( test No. 1t0 )0 

The rougher concentrate was returned 15 times, suocessively„ to the 

flotation cell, and was refloated. The final limonite and gangue 

recoveries were 94 and 35% 1  respectively, compared with 95 and 58% 

obtained for the rougher concentrate in test No. 111, using the sans 

initial reagent addition of 1.1 g/kg of the reagent mixture, and 

conditioning to the same characteristic point "L". 

These results showed that the reagent desorption process 

did not take place in the flotation cell, where the pulp density was

only 50% solids. Thit also explained the phenomenon observed in the 

preceding section, whereby the conditioning process at high pulp 

density could be continued after the rougher flotation. 

The rougher concentrate of test No. 111 was returned to 

the flotation cell, and was refloated at OH 5.5. The quantity of acid 

used for reduction of the pH value from 8.5 was 8 mequiv. sulphuric 

acid, compared with only 2 mequiv. sulphuric acid needed to produce 

the same lowering of the pH in the conditioning tank, which contains 

only 1/6 of the water volume used in the flotation cell. The cleaner 
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FIGURE 2019 
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flotation was repeated at pH 405, and the flotation results are 

presented in fig. 2.19, to compare with the results obtained when 

similar reductions of the pH value were effected in the conditioning 

tank, during deflooculation. Fig. 2.19 shows that the depression of 

the minerals was less selective when pH reduoti,on was effected in the 

flotation cell, than When carried out in the conditioning tank, and 

in addition the sulphuric toid consumption was such greater. 

2.3.80 Addition of ripen.  

It was mentioned in section 2.2.8., on the experimental 

procedure, that the ground ilmenite ore feed was 1()) deslimed. The 

flotation behaviour of feeds which were not dealimed was studied in 

the following tests. 

A non-desliami feed was conditioned with 2.8 g/kg of the 

1:1 tall oil/fuel oil mixture, and the power consumption curve 

obtained in this teat ( No. 112) is presented in fig. 2020. This 

curve shows that no flocculation 000ured. during. 15 minutes oonditio-

ning„ despite the very high reagent addition. Addition of further 

fuel oil only, at the point indicated on the curve, caused a rapid 

fl000ulation of the pulp. The flotation at the characteristic point 

"La gave 95.5 ilmenite recovery and 57% gangue recovery, in compari-

son with 98% and. 55% respectively, in teat 115, where a 10% deslimed 

feed was conditioned to the same characteristic points, 49 shown by 

the curve ( test No* 115 ) in fig. 2.20, using only 1.1 g/kg of the 

reagent mixture. The concentrations of the reagents in the respective 
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FIGURE 2020 

POWER CONSUMPTION V. CONDITIONING TIME 
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rougher concentrates were of course correspondingly higher when the 

feeds were not deslimedl  but the reagent recoveries were, however, 

the same in both oases, at values around 75% of the initial reagent 

addition. 

A similar non-doslimed feed was conditioned with the same 

initial reagent addition of 2.8 gfkgs  but the pulp density- was increased 

to 70 ( test No. 114 ). AA a result, normal bulk flocculation was 

obtained as shown by the power consumption Curve of this teat in 

fig. 20200 Flotation after conditioning to the same Characteristic 

point "low SA above, also gave 97% ilmenite and 36.0 gangue recoveries. 

The reagent recoveries and reagent concentrations in the rougher 

concentrate were also the same as in teat No. 112. 

A standard 10 declined feed sample was conditioned with 

2.1 ditis of the reagent mixture, at the normal pulp density of 70% 

solids, The usual bulk flocculation was produced, as shown by the 

power consumption curve for this test, No. 115, in fig. 2.20. At the 

flocculation peak the dried slime fraction of this **dues added to 

the conditioning tank, resulting in an immediate defl000ulations  as 

shown by this power consumption curve. This phenomenon was very 

similar to the eudden,deflocculation observed when sulphuric acid was 

added at the same characteristic point "P" ( see fig. 2.14 )o Flotation 

at the point "L" resulted in 95.0ilmenite recovery and 55.55 gangue 

recovery, these values being equal to those obtained in the previous 

two tests where a greater initial reagent addition was applied. In 

this test however, the reagent reooveries in the rougher concentrate 
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were nearly 100 compared with only 75/9 in the earlier two testno 

This indicated that the reagents were transferred from the coarser 

gangue particles to the ilmenite fines swhioh were added,during the 

very brief defl000ulation period. This was confirmed by the reagent 

ooneentrations in the rougher concentrate, which ware the same in 

this as well as in the earlier testa,' 

The results of these testa showed that the presence of fines 

in the conditioning tank prevented bulk flocculation at normal pulp 

densities of 70,-; solids, but an increase of pulp density permitted 

larger proportions of fines to be present so that bulk flocculation 

could than take place. The fines consumed large amounts of reagents 

because of their great specific surface, and this property was 

exploited when the fines were added to the conditioning tank before 

&flocculation startedo Asa result, the reagents which were other-

wise desorbed and lost in the flotation liquor, were consumed by the 

fine ilmenite particles. It must be noted that prolongued agitation 

of deslimed feeds before the reagents wore added had no effect on 

the flotation results, so that the fines produced during such attri-

tion could not be considered as having the same role as fines added 

after Maculation,' 

The nett energy inputs required to reach the characteristic 

point "L" in tests No. 115 and No,' 115 were compared by integration 

of the areas belay the corresponding power consumption curves(' This 

showed a reduction of 70% in the total energy consumption when fines 

were added beyond the flocculation peak, similar to that obtained when 
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the pH was reduced to 5.5 during deflooculation ( sea section 2.5.5. 

and also end of section 2.8.2. ). 

2.5.9. Addition of the flotation reeents in stages. 

Addition of the flotation reagents in stageb during the 

induotion period, the flocculation period, or the fl000ulation peak 

did not affect the flotation results, which were always a function 

of the total reagent addition and of the characteristic point reached 

during the conditioning. The sane applied to separate additions of 

tall oil and fuel oil, irrespeotive of the Order of addition. In the 

case of tall oil addition after the fuel oil, however, the bulk 

flocculation did not start until tall oil was added. 

To illustrate these points, the power consumption curves 

correaponaing to tests Nos. 116419 are presented in fig. 2.21, with 

the points of addition of the reagents marked on these curves. The 

conationing was stopped. in all tests at the characteristic) point "L" 

and the flotation resulted in the same ilmenite recoveries around 96 

and gangue recoveries of about 85%. The reagent recoveries in the 

rougher concentrate Were about 7C%. As the flocculation period and 

fl000ulation peak were very brief, the reagents added during these 

periods were obvLouely distributed very quickly among the reagents 

already present in the surface of the particles and gave the same 

flotation results for this reason. 

Stage-sise addition of the reagents during or at the end 

of the defl000ulation period calmed a renewed flocculation-

deflocoulation cycle of the pulp, as shown by the power consumption 
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curves for tests Nos. 125425 in fig. 2.22. In teats Nos, 125 and 

124 the first flooculation-deflocculation cycle was obtained by using 

an initial reagent addition of 1.2g/kg of the 1:1 tall oil/fuel oil 

mixture, and a further 0.3 g/kg fuel oil was added at the end of the 

first deflooculation period., ell". Utast No. 125 the first cycle 

was obtained at an initial reagent adflition of 1.0 g/kg of the 

reagent mixture, while a further 002 g/kg of the mixture was added 

at the characteristic point 	to produce the second cycle. 

In tests Nos. 125 and 125 conditioning was continued to 

the characteristic point "112" at the end of the second deflocoulation, 

where the ilmenite and gangue recoveries were about 97-89 and 41-4216 

respectively. Similar results were obtained in test No. 122, at the 

same initial reagent addition, when conditioning was stopped at the 

end of the first deflocoulation period as shown by the oorresponding 

power consumption curve in 2.22. The reagent recoveries wore around 

85$ in all three tests. 

In test No. 124 conditioning was stopped at the oharacteris-

tic point V2'19  at the end of the second flocculation peak  resulting 

in 97% ilmenite and WO gangue recoveries. The same results were 

obtained in test No. 1219  by conditioning to point 71", at the end 

of the first flocculation peak, as shown by the corresponding power 

consumption curve. The reagent recoveries were nearly 100in both 

these tests. This demonstrated that the reagents deserbed during the 

first deflocoulation period were readsorbed and redistributed during 

during the second flocculation period, this being followed by normal 
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desorption during the second deflocoulation period. Bach characte-

ristic point on the second section of the curve corresponded therefore 

to the equivalent characteristic point on the first section. 

2.80100 Addition of the reagents as au emulsion. 

In a set of three teals ( Nos. 128-128 ) the reagents were 

added to the conditionieg tank by means of a syringes  which was the 

usual method in, this study ( see section 2.2.8. ) and the pulps were 

conditioned to the characteristic points "F"9  "L"9  and "N" respectively. 

In a set of three parallel tests ( Nos. 129181 ) the same initial 

reagent addition, of 1.1 g4g of the 1:1 tall oil/fuel oil mixtures  

was applied in the form of an emulsion* This emulsion was prepared 

by saponification Of the reagent mixture in wens NaOH followed by 

neutralisation wits en equivalent amount of H01. This resulted in - 

a Very finely divided emulsion of the oil in the water. The conditio-

ning was carried out to the same three characteristic points, reepee-

tively. 

Comparison of the characteristic power consumption curves 

( fig. 2.28) showed that addition of the reagents in the form of an 

emulsion reduced the induction periods  which was thus merged with the 

flocculation period, the slope of which was decreased, correspondingly. 

Allthough the peek power consumption was lower when an emulsion was 

umeds  there was little saving in conditioning energy required to reach 

point "L" because of the prolongued flocculation period. 

The ilmenite and gangue recoveries were the same at each of 

the three characteristic points, irrespective of the mode of reagent 
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addition, being around 97 end 82% respectively at point "IP% 97 and. 

85$ respectively at point "IP, and 96 and 29% respectively at point 

"N"o 

2.5.110 Relent mixtures other than tall oili.fuel oil.  

lathe following tests ( Nos. 182-159 ) initial reagent 

additions around, 1.1g/kg fatty acid/neutral oilier. used, the 

fatty acid being tall oil ( No. 152 and 1a4) or oleic acid ( Nos. 

185, 185, and 156-159 ), and the neutral oil being fuel oil ( Nos. 

152-135 ),,kerosene ( Nos. 156-187 ) or iso-octane ( Mos. 136-159 ). 

men using iso-ootane the double proportion of neutral hydrocarbon 

was used because of its high volatility. 

Virtually the same power consumption curves were obtained 

in all these tests as shown in fig. 2.24. The ilmenite and gangue 

recoveries at point "P" were in all cases around 96 and 621respeo- 

.tively„ and the reagent reooveries ( iso-octane recovery could not 

be determined ) were nearly 1001. The ilmenite and gangue recoveries 

at point "L" were in all oases about 95 and 551respectiveln and the 

reagent recoveries in the rougher concentrate wore about 77%. 

These results showed that oleic acid and tell oil were 

interchangeable as fatty acids, while fuel.til„ kerosene and iso-octane 

were interchangeable as neutral hydrocarbons, when used as flotation 

reagents for ilmenite. 

In two tests the rougher concentrates obtained at the 

charsoteristio point "1" with equal tall oil/fuel oil and oleic acid/ 
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fuel oil mixtures (Latest* Nos. 159 and 10 ) were recenditioned 

at pH 8.5 to the characteristic point 'LEO As a result the limonite 

and gangue recoveries were 85.5 and 2$ with the tall oil ( test 

No. 152s) aM 93 au& 316roapootively with the fu l oil ( Na. 185a ). 

This demonstrated that oleic acid. gave better. resistance to the 

depressive action of sulphuric acid, very likely because it does 

not contain resin maids. 

in some walls tests ( Res. 140-141 ) the tall oil or 

the oleic acid were applied as sole flotation reagents. it was 

necessary to add agreater amount of fatty *aid in these tests, 

than that applied when fuel oil was added. in order to induce 

flocculation. The power consumption curves obtained at such high 

fatty acid additions of 1.8 g/kg were identical with those obtained 

in, the tests described. above, at an initial reagent addition of 

only 1.1 g/kg of the 1:1 fatty soil /fuel oil mixtures, as shown 

in fig. 2.24. 

The limonite and gangue recoveries at the characteristic 

point we were around 98 and 80% respectively, when 1.8 g/kg 

tall oil ( 	140 ) or oleic acid ( No. 141 ) was applied, in 

comparison with the same recoveries when the lower amount of the 

1:1 fatty acid/fuel oil mixture was applied. The reagent recoveries 

were in both cases nearly 100%o Reconditioning of the rougher 

concentrates to the characteristic point ",/8" gave 97%;ilmenite and 

30 gangue recovery, which are in perfect agreement with the results 

obtained when reagent mixtures were applied. 
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It Maa concluded from these results that a fatty acid alone 

can be used for flotation conditioning of ileenite but 40% more 

reagent is needed than that required is the ease of the 1:1 fatty 

acid/fuel oil mixture. 

2.5.140 Addition of ferric chloride. 

The addition of 240 mequive ferric chloride per kg solids 

to the conditioning tank, before or after the reagent addition ( of 

1.1 g/kg of the 1:1 tall oil/fuel oil mixture ) did not affect the 

flocculationpideflocoulation pattern, except for a small reduction in 

the time of the induction period. Thiel vras shown by a comparison of 

the power consumption curves for tests 142 and 148, where the OR ens 

constant, and for testa Nos. 144 and 140, 'here sulphuric acid was 

added at the oharacteristic point "V" to raft* the pH to 8.5 ( the 

curves are presented in fig. 2.25 )o No ferric) chloride was added in 

tests No.. 142 and 144. 

The Limonite and gangue recoveries at point "L" were the 

same in. tests NOs 142-145, namely about 95 and 37%;respectively0 

These recoveries were also the same at point "L" in tests 144-145, 

being 92.3 and 22% respettively. These similar results were obtained 

despite the fast that the initial pH of the pulp was reduced by the 

BM formed on hydrolysis of the ferric chloride, and despite the 

fact that the fatty acid content was only 1.5 mequiv ( 1 mequiv. 

tall oil * 350 mg ) as compared to 21210 mequivo ferric chloride. 

The addition of 2-10 mequiv. ferrio chloride per kg solids 
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after the defl000ulation period resulted in a reflocculation as 

shown by the power consumption curves for tests Nos. 147 ( first 

deflocoulation at OH 8.5 ) and 148 ( first deflocoulation at pE 5.5 ) 

in fig. 2.96. This phenomenon was similar to that observed when 

additional reagents were edded.s* the same point niP as shown in 

fig. 2.22 ( section 2.5.9. ), 

The limonite and. gangue recoveries in both these tests 

were 95 and8Orespeotively at the characteristic point V", being 

equal to the respective recoveries in test No. 146, at the tame 

initial reagent addition of 1.1 g/kg of the reagent mixture, but at 

the characteristic point 	The reagent recoveries were nearly 

i00% in all three tests. The rougher concentrates of these tests 

were reconditioned, resulting in the three tests in 95%;iimenite and 

56 gangue recovery. 

Similar effects were observed when oleic acid/fuel oil 

mixtures were used. it was therefore concluded that the Pe + ions 

strongly activated the mineral surface, se that—the depressive 

action of the 201 set free could. not take effect. This activation 

was strong enough to permit adsorption of the desorbed reagents, 

but could not prevent the normal cb3sorption of the reagents during 

the deflocculation period. 
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2.40 DISCUSSION OP THE ROSMITS.  

The results presented in the preceding sections 2.301.-

208.12 can be summarised as follows: 

When ilmenite ore was conditioned with fatty acids, suoh as 

tall oil or oleic acid, and neutral oils, such as fuel oil or kerosene, 

at pulp densities of 70% solids, a bulk fl000ulatton-deflocoulation 

process was observed, lathe pulp ( 2.6.20 ). This process took place 

when the impeller spondees sufficient to maintain satisfactory 

movement of the pulp ( 2.6.80 ) and when the initial reagent addition 

exceeded a minimal limit which was related to the particle size 

distribution of the solids ( 208.8. ). 

This bulk flocoulatio-deflocoulation process could be studied 

by following the nett power consumption as a function of conditioning 

time for constant impeller speed or for constant agitation of the 

pulp, since the flocculation gave rise to an increased apparent 

viscosity ( 2.8.2. ). The power consumption curve, obtained by the 

aid of a sensitive electrical test assembly, brought out five distinct 

periods in the conditioning process, namely - the "induction period", 

the "flocculation period", the "flocculation peak", the "deflocoular. 

tie* period", and the"dispersion period"0 

The effects of conditioning during these periods on the 

flotation results were as follows: 

During the "induction period" no selectivity was observed 

and the quantities floated were small. During the etlocoulation period" 
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a gradual mon-seleotive increase in the limonite and gangue recoveries 

took place, approaching a maximum at the "flocculation peak". In the 

ftdeflocoulation period" the Limonite recovery continued to increase 

while the gangue recovery decreased, so that at the end of this period 

maximum ilmenite recovery with maximum  flotation selectivity was 

obtained, that is maximum grade of the rougher concentrate. The 

"dispersion period" that followed marked a gradual decrease in both 

the limonite and gangue recoveries. 

These periods made it possible to assign characteristic 

points along the power consumption curve which revealed the following 

properties (2.3.2. )s 

The flotation results obtained at constant initial reagent 

addition at a given characteristic point ( beyond the induction 

period ) were the same, irrespective of impeller speed, impeller 

asap total nett energy input, and conditioning time required to 

reach the characteristic point. The flotation results obtained at a 

given characteristic point were, however, dependent on the reagent 

addition. 

Thus, the Limonite and gangue recoveries at a given 

characteristic point increased with increasing initial reagent 

addition. The lignite recovery was nearly 100% and the selectivity 

was a maximum at the end of the deflocoulation period, when an 

initial reagent addition of 0.558 tall oil and 0.45g fuel oil per kg 

solids was used (2.8.4m ). An increase in the tall oil addition 

above this optimal value resulted in inorear ing gangue recoveries, 
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while an increase in the fuel oil addition did. not *treat the recove-

ries. Higher initial tall oil additions required longer conditioning 

time to reach a characteristio point in the dispersion period to give 

the same flotation results ( 20505. ). 

The reagent concentrations in the rougher concentrate were 

roughly constant at constant initial reagent addition in the defl000u 

lotion and dispersion periods. A slight minimum was observed at the 

flocculation peak, followed. by a small increaser in the reagent 

concentration. This showed that some rewrite sere transferred from 

gangue particles to ilmenite particles ( 2.5.2. ). The Original 

tall oil/fuel oil ratio, which varied over the range 211 to 1:2, was 

always maintained by the reagents adsorbed on the rougher concentrates 

( 	). The reagent concentration in the tailings was negligible 

in all tests, and the reagents not accounted for in the flotation 

products were found as colloidal suspensions lathe flotation liquor, 

in quantities proportional to the. per cent weight of the tailings 

( 2.5.1. ). 

The variation of the reagent concentrations in the rougher 

concentrate obtained at the end of the deflooculation period, in 

dependence of the initial reagent addition, showed a minimum at the 

optimal initial reagent addition mentioned above ( 	). This 

minimum reagent concentration gave minimum average surface coverage 

effective for flotation. 

The flotation, results were not affected when the reagents 

were added separately, as a mixture ( 2.5.9. ), as an emulsion ( 2.5.10. 
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or even Stage-wise during the induction periods  flopoulation period 

and flocculation peak ( 2.5.96 ). ihen a portion of the reagents was 

added during or Waren at the end of, the deflooculation period, the 

pulp re-fl000ulated. The flotation results in this case wore deter- 

mined by the total amount of reagents added and by the new oharacte- 

ristio point on the second fl.ocoulation-defl000ulation cycle ( 2.5.9. ). 

Suoh a re-flocculation was obtained by addition of fatty acid only, 

of fuel oil only or of a mixture of both. 

A similar rep-flocculation was obtained *hen 2-10 mequiv. 

ferric chloride was added during or at the end of the deflosoulation 

period. ( 2.3.12 ). Addition of fettle chloride before or during the 

flocculation period had no offset on the flotation results, in spite 

of the hydrochloric staid produced, by hydrolysis and the low fatty 

acid addition or only 1.5 mequiv. 

Tall oil and. oleic acid wore interchangeable as flotation 

reagents, and se were fuel oil, kerosene, and iso-octane ( 	)o 

Tall oil or oleic* acid only ware effective as flotation reagents, but 

the reagent consumption was greater than the sum of fatty avid plus 

neutral oil needed to obtain the same limonite and gangue recoveries. 

The dependence of the flotation results on the characteristic points 

of the power consumption curve was the use Whether the flotation 

reagents were fatty acid alone or fatty acid/neutral oil mittures. 

Addition of sulphuric, acid at the end. of the flocculation 

peak accelerated deflooculabion and. caused a more efficient depression 

of the gangue ( 2.5.5. ). Separate addition or the original slime 
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fraction at the end of flocculation peak resulted in a similar acce- 

leration of the deflooculation process ( 	). In this ease the 

reagents flannelly unaccounted for at the end of the deflooculation 

period reported, now in the rougher concentrate which contained:the 

ilnanite fines added. The assays showed that the reagent oonsumption 

of the fines was greater than that of the coarse particles. When 

non-deolimed feeds were conditioned at normal pulp densities of 70$ 

solids, bulk flocculation did not occur. It could be induced, however, 

by increasing the pulp density from 70 to 7540 solids. 

The conditioning process could be interrupted once or 

several times by cleaner flotations at any point beyond the flocow. 

lotion peak, and could then be continued an the rougher concentrate 

only, or on the combined concentrate and tailings, without affecting 

the final flotation results ( 2.5.60 ). The final ilmenite and gangue 

recoveries were always a function of the final chareoteristic point, 

irrespective of the number of conditioning steps. The rougher concen-

trate Could be refloated many times in the same flotation liquor 

without any observed effect on the ilmenite, gangue, or reagent .  

recoveries ( 2.3.7. ). Lowering of the pH during reflotation caused 

a depression of the gangue and of the ilmenite, which was however loss 

selective than that obtained by lowering of the pH during conditioning. 

The normal nett energy columned up to the flocculation 

peak at intensive agitation of the pulp was COS lah/ton, and the 

nett energy oonsumed further until the end of the deflooculation 

period wee 2.25 VI /ton ( 2.3.2. ). The latter could be minimised:to 

a negligible value by accelerating the deflooculation, using either 



sulphuric acid or the ,originally raven fines ( 2.5.8. and 2.8.6. )0 

The former value could be reduced by using the highest practical 

impeller speed and. the highest practical pulp density. When the bulk 

fl000nlation-defl000nlation process took place at slow agitation 

intensity, theenergy consumed. up to any particular obaraoteristi0 

point was greater 'fit then intensive agitation was applied.. 

The correlation established between the ilmenite„.  gangue, 

and. reagent recoveries 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 mechanism earths:successive sorption processes of the 

reagents during conditioning and flotation of limonite: 

ao dispersion of the reagents in the pulp; 

b. rendes adserption by the different mineral species; 

c. formation of a "quasi-continuous* reagent film on the 

surface of the particles; 

d. rapid redistribution of the reagents in this film 

according to the iv:0Mo adsorptive capacity of the mineral species; 

at. break-up of this film by decreasing number of reagent 

coated particles; 

f. desorption of the reagents from the gangue particles 

by attrition or by deliberate lowering of the pui 

g. similar desorption of the reagents from the ilmenite 

particles. 
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This meohaniam implied that the conditioning process 

proceeded from a state of all particles being non-floatable through 

successive stages oral particles being floatable, of itmeuite 

particles being float able and gangue particles zon-floatable, to the 

final state of all particles being non-floatable.„ attar prolongued. 

conditioning. 

The above mechanism was correlated with the power consumption 

curve, which reflected the degree of bulk flocculation ( 203.2. )e It 

was therefore examined in detail according to the five oharsoteristic 

sections of this curve, while interpreting the offsets of the different 

factors on the conditioning and flotation results. 

10 lathe course of the "induotion period" the reagents 

were dispersed lathe pulp by pawing forces =Swore gradually 

captured by the particles through random collisions. Thin random 

sorption of the reagents was favoured by high pulp densities, high 

reagent contents, high impeller speeds, Osseo, of fines, use of 

emulsions, and presence of activators such as Fe; with the result 

that the duration *P this period was reduced° The random sorption of 

the reagents was indicated *WU. absence of selectivity in the 

flotation results. The small number of particles .dated with sufficient 

reagents during this period was proven by the very low limonite, 

gangue and reagent recoveries. The rougher concentrate in suoh cases 

contained only fines. 

2. In the course of the "flocculation period" a progres-

sively inoreaning number of particles was coated with the reagents 
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through further random Collisions with oil droplets and rs►ith richly 

coated particles. The hydrophobic coated particles adhered to each 

other, and cohesive forces appeared in the pulp, as rakebed in au 

increasing power consumption for maintaining the same impeller.speed„ 

and in increasing impeller speeds required for maintaining the Same 

pulp agitation ( as judged by observation of the vortex ). The chheeive 

forces in the pulp increased obviously with the increasing number of 

reagent coated particles. 

This random increase of reagent-mooted partials. WAD 

evidenced by the progressively and equally increasing limonite and 

gangue recoveries, and by the corresponding items° of the reagent 

recoveries in the rougher concentrate.. The increasing linanita and 

gangue recoveries were directlywoportional to theinoreasing poser 

consumption during this period. 

Since the particles were continuously moving as a result of 

the agitation, but the oohesive forces Continued torincrease, the 

reagent had been spread quickly on the surfaoe of the reagent coated 

particles, so that the: particles were it all instances "bound" by 

small oil "patches". The rapidity of the bulk flocculation process 

suggested that near its end the quickly spreading reagents had. formed 

a "quasi-continuous" oil film over the Surface of the mineral partic-

lea, thorugh the Small oil patches which bridged the particles that 

Were perpetually in contact with one another at any instant. This film 

is denaidered to be analogous to the continuous ()Ulna in "water- 

emuleicns, Letitia& the continuity of the oil phase is static), 

whereas in the pkesent case, the continuity of the oil phase Was 
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a dynamic phenomenon, since the points of contact between the moving 

particles were constantly changing. The particular system formed was, 

in fact, analogous to a "water-iw-oil" suspension, in which the 

mineral particles played the part of filler of the oil phase while the 

water was dispersed within the interstices formed by the adhering 

particles. 

Thus, the stability of the system was dependent on the water 

content, the oil content, and the particle rise distribution of the 

ground, ore. This system ocoured therefore at sufficiently high pulp 

densities, which allowed the swirling particles under conditions of 

constant agitation to be in contact with each other at any instant, 

and at sufficient initial reagent addition, which allowed the coating 

of a great number of particles with the hydrophobic reagents. Indeed 

in the case when the reagent addition was low or when the proportion 

of water was too high the bulk flocculation, as reflected in an 

increased apparent viscosity, did not occur, and as a result the 

process of reagent transfer was considerably retarded since it proceeded 

through random collisions of particles, and not through a "quasi-

continuous" oil phase. 

The use of reagent emulsions accelerated the adsorption 

of the reagents on a large number of particles, but because of the 

small rise of the oil droplets formed by chemical dispersion, the 

formation of the "quasi-continuous" oil phase proceeded at a slower 

rate, through (malamute of the tiny reagent patches on the surface 

of the particles. This was reflected by the disappearance of the 

"induction period" in the power eon/gumption curve, end by the small 



198 - 

elope of the yrolongued "floccaation period". 

5. At the "flocculation peak" the adsorption and random 

transfer of the entire initial reagent content had been completed, 

and the "quasi-continuous" oil film was fully formed. As a result 

bulk flocculation was at a maximum, and maximum power was therefore 

consumed by the pulp When the initial vortex was maintains& The 

Tumid-continuous oil phase permitted very rapid redistribution of the 

reagents according to the specific adsorptive capacity of the diverse 

mineral species. Asa result, reagents were transferred from the 

gangue to the limonite particles. These processes were evidenoed by 

an increasing ilmenite recovery and by a maximum gangue recovery, as 

well as by a maximum or complete reagent recovery in the rougher 

concentrate. 

Addition of reagents at this stage resulted in their 

immediate incorporation in the quasi-continuous oil phase, and their 

immediate distribution along the mineral surface, as evidenced by,  the 

reagent concentrations in the rougher concentrate samples, which were 

the same as if all the reagents were added before flocculation.. 

4. In the course of the "deflocoulation period." the process of 

,reagent redistribution was completed, resulting in, richly coated 

ilmenite particles and \poorly coated gangue particles. The attrition 

in the highly dense pulp scoured the reagents from the poorly coated 

gangue particles, on which they were now weakly held. The scoured 

reagents 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, however, these colloids 
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were dispersed as a slow settling suspension, and were therefore not 

accounted for in the reagent aseays of the tailings. The resulting 

depression of the partiolee eras dependent on the initial reagent 

addition indicating that the particles coated with the least reagents 

were depressed first. 

At the end of the "deflooculatiou period" the gangue recovery 

levelled oW at a value related to the initial reagent addition, while 

the limonite recovery retained the maximal value, which was also related 

to the initial reagent addition. The reagent recoveries in the rougher 

concentrate were roughly proportional to the percent weight of rougher 

concentrate. The concentration of the raagaiti in the rougher concentrate 

increased however by a small degree, because of the reagent transfer 

to the ilmenite particles at the beginning of this period. 

As a result of the decreasing number of oil-coated particles;  

the viscosity reduced gradually and the quasi-continuous oil phases 

broke up ( it should be noted. that the volume ratio ilmeniteAangue 

in the ilmenite ore was.abput 1:2 ). The decreasing apparent viscosity 

and the diminishing bulk flocculation were of course reflected in the 

decreasing power consumption of the pulp. At the end of this period 

the original power consumption value was reached, and the "water-in-oil" 

system returned to the initial state of an "oil-in-water" dispersion, 

analogous to the break up of to "water-inoilr emulsion by coalescence 

of the oil film to Small droplets. The transfer of the reagents from 

the gangue particles to the ilmenite particles, at the beginning of 

this period, was in fast very likely analogous to such a coalescence. 



Addition of sulphuric acid at the start of the defl000ulation 

period greatly accelerated the desorption process since the acids, 

Which was immediately dispersed, was in direct contact with the entire 

mineral surfaoe. As a result the reagents were immediately desorbed 

from the poorly coated gangue partiolesa  possibly in the form at the 

same metal soap colloids obtained borattritionat constant pH. The 

swiftly decreasing number of reagent coated particles was reflected. 

in a swiftly decreasing power consumption during this period. The 

number of gangue particles depressed was a function of the amount of 

sulphuric acid added and also a funotion of the initial reagent 

addition which supports the suggestion of desorption from the poorly-

coated particles first. 

Addition of fines at the start of the defl000ulation period. 

restated in a fast redistribution of the reagents on to the fresh 

and extensive - ilmenite area, which caused immediate defl000ulation, 

similar to that observed on addition of sulphuric acid. In this case, 

however, the reagents desorbed from the gangue particles were trans-

ferred to the ilmenite fines, so that almost all the initial reagent 

addition reported in the rougher concentrate at the and of the 

defl000ulation period. 

Addition of activators such as Fe" or of additional 

reagents during or at the end of the defl000ulation period resulted 

in a re-flocculation, indicating the renewed. formation of a "quasi= 

continuous" oil phase. This phase was formed in the first case by 

re-adsorption of the desorbed reagents ( during this period) on to 

the freshly activated sites on the gangue particles, and in the second 



201 

case by the adsorption of fresh reagent on the gangue particles. As 

a result of the newly formed "water-in-oil" system the entire reagent 

content of the pulp was readsorbed, guavas redistributed after the 

flocculation peak was reached again, according to the specific adsorp-

tive capacity of the mineral species. The flotation results were there-

fore a function of the new characteristic point on the power consumption 

curve, and of the total reagent additions, as if added before a normal 

bulk flocculation. The re-fl000ulation took place irrespective of 

whether the preceding deflocculation cooured through attrition at 

constant pH or through lowering of the pH by sulphuric acid addition, 

indicating that the desorbed reagents were present in both.,  oases in 

a similar form. It was established that the second flocculation-

defl000ulation cycle completely obliterated the previous conditioning 

"history". 

5. In the course of the "Aispersion period" further reagents 

were desorbed from the remaining reagent coated gangue particles as 

well as from the ilmenite particles through attrition in the highly 

dense pulp. This was revealed by progressively decreasing ilmenite 

recovery, and in some oases also gangue recovery. It was very likay 

that reagent deSorption subsequent to the flocculation peak proceeded 

at a roughly constant rate, so that all particles approached gradually 

the threshold of MiaMUS surface ooverage, below which they were 

rendered non-floattble. This was supported by the fact that increase 

of the impeller speed during this period accelerated the depression 

of ilmenite, as shown by the closeness of the characteristic points 

1,0-Q in the case of curve III ( see table 2.1 ). The reagent recoveries 
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in the rougher concentrate continued to decrease in proportion to the 

decreasing per cent weight rougher concentrate, while the reagent 

concentration was nearly constant. The power consumption remained at 

a value equal to the original value at the start of conditioning, 

unless excessive amounts of aulphuric acid were added during 

defl000ulation. 

This postulated mechanism permitted interpretation of other 

observed phenomena, makes repeated reflotation and reconditioning. 

Repeated reflotations of a particular rougher concentrate was made 

possible by the fact that the reagents which had been adsorbed during 

conditioning at high pap 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 desorptive effect as in the conditioning cell, 

but it was less selective and the acid consumption as greater because 

of the large volume of water. 

The conditioning process could be continued after an 

intermediate flotation stage since the reagents adsorbed during the 

conditioning were not affected in, the course of the flotation at low 

pulp density. Naturally this was the case when the initial conditio-

ning had progressed at least to the fl000ulation peak, so that all 

the initial reagent addition had been adsorbed. Reconditioning of the 

rougher concentrate only rendered the acid desorption process more 

economical 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 understood when it is noted that the phenomena 
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described above enured when using different fatty acidbeutral oil 

mixtureso  and also in the absence of neutral oils, though in the latter 

case the neoeeaary initial fatty acid addition was three times greater. 

It should also be noted that there was an optimal initial fatty acid 

ad&ition giving beet flotation reeultei, and. a pininumm neutral oil 

additions, which when exceeded did not affeot the flotation results. 

There were the additional facts that the initial fatty acid/neutral 

oil ratio was always maintained in the rougher concentrate and that 

reflooculation could be induced by fuel oil only. 

These findings can be explained by assuming that the fatty 

acid vas adsorbed directly on to the mineral surface at the active 

sites, while the fuel oil was adsorbed on the non,,polar ends of the 

fatty acid molecules, always it the original fatty acid/fuel oil 

ratio, and always accompabied the fatty acid in the course of reagent 

redistribution, adsorptions, or desorption at the same ratio. The 

minimum proportion of fuel oil was needed to give either minimum 

surface coverage with a minimum amount of fatty acid or, alternately, 

to render the surface covered by the Baty acid completely hydropho-

bic. When an equal amount of fatty acid replaced this minimum propor-

tion of fuel oil, it watt attracted to the free active sites on the 

already sufficiently coated mineral partioleso  so that a much larger 

amount was needed to give sufficient surface coverage to the reagent-

deficient particles, or alternately, more fatty acid. was required to 

give the same degree of hydrophobicity as that of a smaller propor-

tion of fuel oils, *A A% is completely now-polar. 



The complex flotation circuit of the Tellnes ilmenite (4) 

involving conditioning at 70% solids and, at pH 6.5v  followed by 

threereconditioning steps at the same pulp density and at the 

respective pH values 5.5, 4.5 and 3.5v  can be explained. when it is 

assumed that the first conditioning step corresponds to the 

"induction period", "flocculation period" and "floecuistion peak". 

Indeadv  practically all the ilmenite and a small part of the gangue 
. 	. 

were recovered during the rougher flotation stage in the industrial 

flotation circuit. The three subsequent reconditioning stages, at 

successively lowered pH values, before the three flotation cleaner 

Stages, corresponded to three steps along the "deflocoulation period", 

the gangue being gradually depressed, while the ilmenite was little 

affected. 

The mechanism poitulated and the phenomena described above 

were examined next in connection with conclusions reached in studies 

of similar metal, oxide flotation conditioning processes with fatty 

acids and hydrocarbons. 

Obi and Young, studying the kinetics of flotation condi-

tioning of a hematite ore, using a fatty acid reagent (27)0  observed 

that the charadteriatic recovery v. conditioning time curves for 

Aron oxide and silica showed a maximum recovery at roughly the same 

time point, followed by a decrease and a levelling off of the two 

recoveries at two different values; the values of these recoveries 

increased with collector concentration, These findings parallel the 

behaviour of the ilmenite ore as discussed earlier in this section. 
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Kun Li et al (3), Studying flotation conditioning of iron 

ore with petroleum suiphonate and fuel oil, has observed that the 

process begins with all solids completely floatable and. ends up with 

only iron ore particles floatable and. silica particles non-floatable. 

They have also observed a decrease in the iron recovery with oonditio-

ming time at the high impeller speeds. 

A mechanism involving reagent transfer from the silica 

particles to the iron part:1°18e was postulated to explain the decrea-

sing silica recovery with oonditioning time. Since no reagent assays 

were made, and. since the iron ore recovery was constant, it was just 

as likely that the reagents were desorbed from the poorly coated 

silica particles by attrition, as is Assumed in the present study. 

Indeed,, the characteristic curves of iron ore and silica recovery v. 

conditioning time bore a remarkable resemblance to the corresponding 

curves in this study, in the "defloccula.tion period". This indicated 

that the adsorption of the reagents on the iron oxide and silica 

was prectioally instantaneous, so that the increase in recovery 

obaraoterietio to the induction and fl000ulation periods 'was not 

.served. 

The suggestion that the decreasing iron ore recovery at 

high impeller speeds was due to degradation of iron ore particles 

and increasing surface area 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-

racteristic points, including the gradually decreasing ilmenite 
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recovery during the dispersion periad. It Lop however9  likely that 

the fines serving as carriers soavenge the already desorbed soap 

particles in the flotation liquor. 

Collins and Moir 08) suggested in the discussion of Nun 

Li's paper that the collector was only physically adsorbed on the 

silica particles!, therefore reacted with the various cations in the 

solution and. was thus desorbed. This seemed unlikely since the 

present study suggested that the collector was present as metal soap 

particles on the gangue surface, through reaction of the aoLlector 

with the nations adsorbed on the silioap which formed the actives 

sites. These soap particles were probably scoured from the gangue 

surface by attrition or by sold attack. Indeedp even the presence of 

2-10 mequivo ferric chloride did not prevent the adsorption of only 

i.5 waequiv. fatty acid, and nuthermore, accelerated it by formation 

of a great number of active sites on the gangue particles. 

Runslima et al (1)9  studying the agglomeration flotation 

of Otarmaki limonite °rep have suggested that the unseleotive floe-

oulation of the ilmenite particles at the beginning of the conditioning 

process was caused by the adsorption of a hydrophobic film on to 

all solid/liquid interfaces. When conditioning continued for some 

time the film was supposedly removed from the silicate minerals by 

oil droplets which had a stronger adhesion to it than the silicates* 

The adhesion of the film to the limonite surface was considered, strong 

enough to permit agglomeration of the ilmenite particles by the oil. 

The results of the present study indicate that this postu-

lated mechanism of selective flocculation of :limonite partiolee was 
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not a cause of the selective flotation, but rather an equal result of 

a common cause which was proper hydrophobia surface coverage* The 

flocculation of the ilmenite particles was in fact another manifestw-

tion of the conditioning pattern, -which resulted either in nom-selec-

tive or in selective flocculation and flotation. The increasing now= 

selective flocculation of the pulp followed by selective defiocoulation 

which was observed in the present study was, in fact, a dynamic parallel 

to the static observation of non'seleotive flocculation followed by 

selective flocculation on increase of the conditioning time, which was 

observed by Runclinna et al* Obviously, the particles retaining suffi-

cient reagents to float, flocculated under the static conditions of 

the tests described by these investigators (1)0 

The mechanism postulated for removal of the. reagents from 

the silicate grains by a detergent action of the fuel oil droplets (1) 

was equally unlikely* The present study showed that desorption of 

reagents from the gangue particles, in the course of the "defloo-

oulation period" oecurrad both in the presence and absence of fuel 

oil, kerosene or iso=octane* It also showed that desorption and 

depression of the gangue started only after all reagents had been 

adsorbed on the mineral particles* 

The suggestion 00 that reconditioning between cleaner 

stages in the case of Tellnes ilmenite might be needed because of its 

weaker adhesion to the collector was nratuely* The present study 

showed that once conditioned to a certain oharacteristio point, the. 

rougher concentrate could be refloated a great number of times, without 

loosing any of its reagents by "peeling off" through contact with 
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the air bubbles lathe flotation liquor. 

The differences betsteen the op reading Opettioiente of 

tail oil and of tall ail,/fuel oil mixtures on ilmenite particles, 

and of fuel oil alone on tall oil coated particles, determined from 

measurements carried out under (1)  der static conditions 	p *ere not 

responsible for the differences in flotation results under dynamic 

conditions* The flotation results were the same irrespective of the 

order of the reagent addition as long as the same characteristic 

point on the power consumption was reached* Indeed, the flocaulation-

deflooculation, process occurred equally well in the presence as in 

the absence of the fuel oils The high spreading coefficient of fuel 

oil on tall ail dated particles explained:, however, the very rapid 

re-flooculation obtained by addition of fuel oil at the end of the 

"deflooculatIonperiodfts 

It was mentioned in the course of the discussion of 

Runcainna's paper that agglomeration and flocculation were observed 

in other systems as well, such as cassiterite-velframite and sulfide 

minerals, when oleic acid end neutral ale were used as reagents, thus 

implying that the phenomenon wan perhaps a a more general occurenoes 

More detailed examinations of a different system were 

presented by Fahrenwead (24.) and. Gates (0) Fabrenwald described 

"emultion flotation" of i manganese ore, with the necessary reagents 

being a primary activating agent and the emulsion consisting of a 

neutral oil, soap and a wetting agents He suggested a mechanism very 

similar to that postulated in the present study,' It was assumed that 



- 209 

activators like Ye++  and Kat+  ions gave anchoring points to the polar 

groups of the soap used as collector, while the neutral petroleum cii 

which was added covered the particles with a water-repelling surface° 

The further suggestion, that the neutral oil itself may act as 

collector was shown to be unlikely in the case of the ilmenite ore° The 

present study shoved that increase of the tall oil addition always 

increased ilmonite and gangue recovery, while increase of the fuel oil 

proportion, over a certain minimum, did not increase the recoveries. 

Pahrenwald also found that the flotation results were highest 

at an optima impeller speed and optimum conditioning time, indicating 

clearly that excessive conditioning had resulted in depression of the 

mineral, analogous to that oourring in the "dispersion period". The 

assumption of Pahrenweld that the flocoulation was a result of condi-

tioning and that flotation was a result of the flocculation, seems 

however, unlikely, since both flocculation and floatability were 

manifestations of the hydrophobioity of the mineral surfaces° 

Gates has reached Oimilar conclusions, using a mixture of 

tall oil soap skimmings, petroleum oil, and a petroleum sulphonate 

wetting agent, for "agglomeration flotation" of a similar manganese 

ore. 

The similarity in the phenomena observed during flotation 

conditioning of different metal oxides with differeiCorganic acids as 

collectors in mixture with neutral hydrocarbons, suggests that the 

"power consumption curve" applied to oases where the pulp density 

permitted bulk fl000ulation4 and the method for determination 
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of organic acid and fuel oil content of flotation products were 

important tools for the eluoidatiOn Of that. phenomena. The lack of 

these tools has resulted in conclusions which aconite be incorrect, 

if an extrapolation of the present system to other systems already 

discussed is permissible° The accumulated evidence indicates that it 

is. It is therefore advisable to apply these tools to a re-examina-

tion of the other systems, especially since there seems to be a 

critical pulp density which permits flocculation to take please in 

the agitated pulps, giving rise to 00mA-continuous" oil phases 

in which rapid redistribution of the reagents can voour. 

2.5. EMMY AND CONCLUSIONS. 

1. An analytical method has been developed for the 

determination of the fatty acid and fuel oil contents of ilmenite 

flotation products. Xt was necessary to sample the flotation products 

while moist in order to prevent reagent losses by drying of the 

unsaturated fatty acids or by evaporation of the fuel oil. The 

reagents were desarbed from the moist samples by means of a 5N sul-

phuric add solution in 40% ethanol, and were extracted into pure 

iso-octanes The organic *olds were saponified:by00 NaOH in 40% 

ethanol, and the accompanying y from the mineral samples vas 

removed by agitation of the acidified solution ( pH a., 606 )o The 

organic acid content gas then determinedby titration with N/10-A/50 

NSOH solution, after adding further ethanol to 60%, using tetra-dodo- 



phenol-sulphone-phthalein as indicator for the end-point of mineral 
. 	. 	_ 

acid ( pH 4.8-5.2) and diphinol-purple as indicator for the end. 

point of weak acids ( pH 9.2-9.6 ). The fuel oil was determined in 

the saponified iso-ootane extraot by optical density measurements 

at 224w. The method was accurate and reproducible within 12.8%, and 

was applicable to quantities as low as lmg fatty acid or fuel oil 

per 20g flotation product, that is 0.05 dirge 

2. An eleotrioal tent assembly was designed for control 

of the conditioning process and for accurate determination of the 

power consumption during the conditioning of ilmenite ore with 

fatty acid and fuel oil. It comprised a 0.04 h.p.„ d.o. shunt wound 

motor with separate excitation, a oontrol unit containing sensitive 

consent and voltage meters, and a constant d. c. power supply. This 

test assembly permitted maintenance of constant impeller speed or 

approximately constant pulp agitation during conditioning, by 

variation of the voltage across the armature coil of the motor. The 

sensitivity of the measuring and controlling unit was L0.1 watt nett 

payer consumption. When no reagents were added the impeller speed. 

remained constant for long periods. This was made possible by the 

constant voltage across both the field and the armature coils. 

8. Addition of the reagents to an agitated pulp caused. • 

little ohange in the power consumption during several minutes, termed 

the "induction period". The power consumption increased very rapidly 

from an initial value of about 8 watts to a maximum value of up to 

85 watts in the following 1$ minutes, termed the "flocculation 
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period" , as a result of an appreciable bulk flocculation of the . 

pule. The value of the paver ooneueption at the "flocculation peak" 

was dependent on the impeller speed. The power consumption decreased 

in the following 8-9 minutes:, termed the "deflooculation period", 

as items:It Of a bulk &flow:us:lea:ion. At the end of this period the 

power Consumption Value Was regained, endues oonstant on 

further oonditioniug during the "disperbion period". 

4. This pattern of the power consumption v. conditioning 

time was examined in relation to the flotation results and to the 

reagent contents of the' flotation products. These factors were found. 

to be closely related and made it possible to postulate a mechanism 

to explain the adsorption-desorption phenomena taking place during 

conditioning and flotations 

a. The reagents were first dispersed in the pulp and 

ediothed on a Small number of particles of both ilMenite and gangue 

during the "induction period". 

b. The reagents were rapidly distribUted at random over 

is greater number of particles during the "flocculation period" 

resulting in the formation of a "quasi-continuous" oil film along 

the mineral surface, analogous to the oil film in "water-in-oil" 

emulsions; as a, result of the cohesive forces between the reagent 

coated particles the power consumption of the pulp increased rapidly. 

Co The reagents were rapidly transferred. from gangue 

particles to timenite particles when this "quasi-continuous" oil 

film was complete, all the reagents having been adsorbed and distri- 
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buted on a maximum number of particles at the "flooculation peak", 

whioh were thus rendered floatable0 

do 

 

As a result of the now poorly coated gangue particles 

the cohesive forces decreased„ and the power consumption decreased 

during the "deflocculation period", while the reagents were desorbed 

from these particles so that at the end of this period all the 

Limonite and only a small proportion of the gangue were floatable. 

e. The reagents were further desorbei from the ilmenite 

particles as well during the "dispersion period" resulting in 

decreasing selectivity. 

6. The flotation results were always the same at a given 

characteristic point on the power consumption curve at which condi-

tioning was stopped, irrespective of the energy input, impeller speed 

or conditioning time required to reach this point. The flotation 

results at any given point on the power consumption curve were, 

however, functions of the initial reagent additions e.'1,1 the pulp. 

The optimum initial reagent addition giving nearly 10Q ilmenite 

recovery at maximum flotation selectivity was 0.55 g tall oil, and 0.45g 

fu g1 oil per kg solids. Any increase in the fuel oil addition &id 

not improve the recoveries, while any increase. in the teal oil 

addition increased the gangue reoovery. 

The original tall oil/fuel oil ratio was always maintained 

in the rougher concentrate. When fatty acids alone were used as 

flotation reagents the reagent consumpbion was 1.4g/kg aS compared to 

100 g/kg of the fatty acid/fuel oil mixture. This showed that the 
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fatty acid was the actual collector while fuel oil was needed at a 

minimum proportion to render the surface completely hydrophobit-and 

was therefore only a promoter° Oleic acid and tall oil were inter-

changeable as collectors, while fuel oil and light hydrocarbons, 

such as kerosene or isooctane, were interchangeable as promoters 

for surface hydrophobicity° 

60 Repeated reflotations did not affect the flotation 

results as no further reagents were desorbed at the low pulp density° 

When the rougher concentrate was reconditioned at high pulp density 

the process of reagent desorption proceeded as in the presence of 

the gangue, and the flotation results were again a flirtation of the 

final point on the power consumption curved 

70 The adsorption of the reagents could be acoelerated by 

high impeller speeds and high pulp densities9  so that the induction 

period in particular and the flocculation period were shortened° -

The desorption of the reagents could be accelerated by addition of 

sulphuric acid or fines just beyond the flocculation peaks  so that 

the deflooculation period was shortened from 9 to 1 minute° The 

desorbed reagents did not report in the flotation products but 

Were.found as a colloidal suspension in the flotation liquor° When 

fines were used to accelerate the deflocoulation the desorbed 

reagents were adsorbed by the ilmenite fines added° The desorbed 

reagents in the conditioning tank could be re-adsorbed and redistri-

buted on the solids when reagents or activators such as ferric 

chloride were added at the end of the deflocculation period. The 

new 21ouculationr.deflocoulation cycle was equivalent to the first 
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vole from the view point of the flotation results. 

8. The nett energy input required to reach a given point 

on the power consumption curve decreased with increasing impeller 

speed. The optimal values required to reach the flocculation peak 

and the end of the doflocoulation period, at normal reagent adsorp-

tion-desorption at constant pH of 6.58  were .0.75 kWh/ton and 

5 kWh/ton respectively. These values could be reduced by accelerating 

the reagent adsorption process and by eliminating the lengthy 

deflocoulation period through addition of sulphuric acid or fines, 

as mentioned above. 

9. It was concluded that the correlation of the flotation 

results with the pattern of the power consumption curve and with 

the reagent oontents of the flotation products revealed the adsorp-

tion—desorption phenomena of fatty acids and neutral hydrocarbons 

on ilmenite. The same correlations may be applicable to other systems 

of metal oxides floated with similar reagents ( and possibly to all 

systems where flocculation was observed ) as somewhat analogous 

results were reported in the literature but were not supported by 

sufficient evidence. 

The possibility of establishing a power consumption curve 

for different systems by means of a relatively simple and cheap 

electrical test assembly has the following advantages: 

a. determination of the optimal pulp density for bulk 

flocculation - and hence formation of the "quaai-oontinuous" oil 

phase - to occur, 

b. determination of the optimal initial reagent addition 
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from the flotation results at the flocculation peak and at the end 

of the deflocculation period, 

co determination of the optimal energy consumption, and 

do determination of the effects of various activators and 

depressants on the reagent adsorption-desorption, and of the point 

of their optimal application to the pulps being oonditioned° 

Since the adsorption-desorption kinetics of flotation 

reagents on different mineral species can be determined by applies- 

(27) tion of these methods, the use of analogue computers 	would 

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

20601. Characteristics of the d.c. motor.(25 2629)  

The current passing through the armature of the d.o0 motors  

when its field coils are excited, establishes a torque as a result of 

which action the armature rotates. Rotation of the armature induces 

an o.m.f0 which, according to Lenes law, opposes the flow of current, 

and is referred to as the back e.m.f. 

The power consumed by the armature of euoh a motor is 

represented by 

(1) 	Va.  I m E.I 	120R a 	a a a 

where: Va m the voltage applied across the armature, E - the badh 

e.m.f.„ Ia  - the armature current, and Ra  - the ohmic resistance of 

the armature. In equation (1) the product I20Ra  represents the power 

lost in the resistance and the product E.Ia  represents the power 

available for performing mechanical work, including that lost by 

friction at the bearings and brushes, and by hysteresis and circula-

ting eddy currents within the iron oore. 

Division of equation (1) by Ia  gives 

(2) 	Va mil+ Ia0Ra or Ralfa  -I R a a 

The back e.m.f. can also be determined from ordinary 

considerations of flux, number of conductors, and speed by the 

relation 

(5) E 2oEolliokV a 

where: - the total flux per pole in webers, p - the number of 

pairs of poles, N 4  the speed in r.p.m.„ Z - the total number of 
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armature conductoras  and o - the number of parallel paths through 

winding between positive and negative brushes° 

Combination of equations (2) and (5) results in 

(4) 
N  e°60 

27ER 6°(7a-/Oa)  

For any given motor Zp e, and pv  are fixed and thus 

(5) oo Qm k 

When (5) is introduced in (4) the simplified relation 

(6) N -417-a 

resulted° As the value of I R is usually less than 5% of V 9 the - a 

speed of a given doe° 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 - 	- is a 

function of the torque T ( lb/ft ) exerted oit the armatures  Accorarg 

to the relation 

. 	(7) BIa  Igigg- hop° e -riggin2  watts 

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

( 8 ) 	T 53900 kflIa  

showing that the torque of a given dooc motor is proportional to the 

product of the flux per pole and the armature current° 

20602,,..,PhAr.asttertsillsof the dosto_ehunt mound ector?  

Relations (6) and (8) show that both the impeller speed 

and the torque deve.oped can he kept :constant by keeping Id  and Va  

( and hence Iv  ) constant° Constent is obtaired bar applying e 
()mutant voltage across the field resistance° Reletior. (8) showe 
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that maximum torque is developed when this voltage is kept at a 

maximum value. 

As a result of keeping Af constant, both N and T can be kept 

constant or can be varied in proportion to the variation of the vol-

tage across the armature. At constant IS  the mechanical losses 

mentioned before were oonstant, and were proportional to N, and 

hence to Va or Ia. The electiical and magnetic losses were propor-

tional to Ia  or I
2. All these losses can be calibrated by determining 

the power consumption when no load was applied ( 	a function 

of the impeller speed N. The nett power available 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 

( V"I" 
a  ). Both the idling and load power consumptions are first 

corrected by subtracting the respective ohmic losses in the armature 

( I'Ra 	a 
and I"22

a  ) at the two different current values. The diffe- 

rem° in the armature resistance can be neglected. The power 

consumption in the field circuit is roughly the same at idling and 

under load ( Vflf  ) and is cancelled by the subtraction 

(9) 	( Vflf 	- Ielta  ) ( VfIf  Vaqsa° - /12Ra  ) 

whioh gives the nett power consumption, Wo. 

206.8. Methods of excitation of the shunt wound motor. 

The characteristics of the d.o. shunt mound motor presented 

above show that separate excitation is imperative when it is necessary 

to drive the load at various speeds, any one speed being maintained 



constant for for a relatively long period, and when it is desired to 

keep the exciting current in the field circuit entirely independent 

of the load current in the armature. 

There are two alternative methods for controlling the 

voltages across the two parts of the motor circuit: by connection in 

series to or potentiometrically across the two coils. The flux 

variation can be controlled by a variable resistance termed a field 

regulator, and the armature voltage variation may be attained by 

means of a. variable resistance termed a controller. 

The main advantage of the potentiometrie eannection of 

the field regulator is that the field circuit of the motor is never 

actually opened whilst carrying current and that quite low values of 

exciting currents are available without the need of a relatively 

high value for the resistance. In the case under consideration the 

latter is of little value since the flux must be kept at the highest 

possible level. The main advantage of the connection in series is 

economy in power consumption, whilst a suitable sequence of switching 

( field on first, armature on second, and armature off first, field 

off last ) prevents effectively the opening of the field circuit 

when current is carried by the motor. The latter method was adopted 

for the design of the test assembly. 

Series connection of the controller to the armature circuit 

is not desirable as it reduces the speed of the motor with the load 

and as quite high resistances are necessary if very low speeds are 

desired. Potentiometric control in very convenient for obtaining 

reduced speed from small motors. Allthough the reduced voltage will 
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will vary somewhat with the load on the motors  the larger the 

current in the controller relative to that in the armatures  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 armature c►ouit was adopted for the design of the 

test assembly oirouito 

2.6.4. The test assembly and_yerformance of the doe. shunt  wound motor. 

Preliminary experiments with a 0625 hop., d.c. motor have 

indicated that the nett power consumption of ikg batches of ilmenite 

ores  -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 8D1s  0.04 hop., d.c. shunt wound motors  

with a field resistance of 7200 ohm and an armature coil resistance 

of 180 ohm. A Westalite rectifier style DRT 288/2 with a doo. output 

of 2.5A was used as a satisfactory constant d.c. power supply. Highly 

sensitive ( 10000 ohm/ii ) voltmeters and ammeters were used for the 

measurements. 

The field coil of the motor was connected in series to a 

1750 ohm field regulator, as shown in fig. 2027s  and the armature 

coil was connected potentiometrically across a 200 ohm controller 

( 165A ), as shown to the same figure. Under thermal equilibrium 

conditions in the circuit resistances, obtained after 50 minutes 

operation, the field regulator was reduced to minimum resistance so 

as to permit a maximum constant current of Oo055A through the field 

coils  which corresponded to a constant power loss of 8 watts. 
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FIGURE 2.27 
	--,1110.1111.••••••••••• 

ELSOTRICAL CIRCUIT OF THE TEST ASSEMBLY 

FOR THE CONDITIONING OF UmENITE ORE. 
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Potentiometrio control of the field coil was not necessary in this 
. 	, 

Casco  as a suitable "on" and off" switching Cequence prevented the 

actual opening of the field circuit while carrying current. Fetentio 

metric control of the armature was of great advantage as it permitted 

proportional variation of the voltage applied across the armature 

from 0 to 230V D  the current in the 200 ohm controller hiking about ik 

compared with 0002-0.258 in the armature coil ( see preceding section 

206.5. )0 

The motor was run with no load at a series of speeds over 

the range 400-2800 ropomo, by increasing or decreasing the voltage 

applied to the armature circuit. Fig. 2.28 shows that the speed of 

the motor was directly proportional to this voltage when no load was 

applied to the motor. This relation was obtained after 50 minutes from 

the start of the operation of the motor and 5-5 minutes after any 

change from one value of the voltage to another. These durations were 

necessary to permit thermal equilibrium of the resistances. Fig° 2028 

also shows that the current through the armature coil was also directly 

proportional to the voltage applied across it. 

The idling power losses were determined by subtracting the 

ohmic losses from the total power consumed during idling in the 

armature coil. The values obtained at different speeds were plotted 

in fig. 2.29. The curve obtained satisfied the empirioal formula 

(10) w0  0051N2  1.88N 0.02 

where: w0  - the idling power losses in rattan  and N = the speed in 

10
§ 
r.p.m. The idling power losses were roughly constant at any given 

speedo  and varied only slightly with the load applied. The nett power 

consumption at any given speed was obtained by subtracting the idling 
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losses at this speed and the ohmic losses under the load from the 

gross Twat consumption in the armature coil ( relation (9) )0 

206050 Parameters affecting the nett_powerponsulption. 

Xn thee© toots the load was a lkg batch of crud© limonite 

at 70% solids, contained in a 1500110mm diameter glass conditioning 

tank, and was applied to the motor by means of three-bladed propellors° 

Three propellors were used, with diameters 489  66, and 84mm respectively, 

at an inclination of 200, and with total blade areas of 405„ 99  and 18 

mm2 respectively° 

The values of the nett power consumption at different impeller 

sizes were presented in fig. 2050 as a function of the impeller speedo 

Fig. 2050 shows that the nett power consymption was proportional to 

the impeller speed, the proportionality factor being the same for all 

three impellers° In each case a lower speed limit was observed, at 

which the pulp was barely moving, and a top speed limit, at which the 

vortex desoended too low, allowing air intake at the blade plane, with 

resulting strong fluctuations of both impeller speed and power consump-

tion° These thresholds were shifted towards higher speeds as well as 

higher nett power consumptions when the impeller size decreased° The 

"iso-effectivity" curves, giving.the same agitation of the pulp, were 

approximately straight lines° The extent of the range of useful speeds 

was therefore almost the same in all three 011300o When temperature 

equilibrium was established, the speed and power consumption were 

constant and reproducible within Wo for the same weight of tlmenite 

ore, et the same size distribution and at the BUB pulp density° 
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SOLIDS AS A FUNCTION OF THE IMPELLER SPEED. 

800 
	

1200 
	

1600 	2000 

Impeller speeds  ropomo 4P 



227 =' 

In some of the tests the pulp density was varied over the 

range 6705-77.54 sonde, while using the large impeller. The nett power 

consumption values at the different pulp densities were plotted as a 

function of the impeller speed in fig. 2A1„ and the same values at 

different impeller speeds are presented as a function of the pulp 

density in fig. 2o52o Fig. 2051 shows that the proportionality factor 

between the nett power consumption and the impeller speed increased 

with inoreasing pulp density. Fig. 2.32 shows that the nett power 

consumption increased slowly at first with increasing 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 

rapidly with inoreasing pulp density. These curves also show that the 

test assembly was sensitive to power consumption variations of 001 

watts at constant impeller speed. They also show that under normal 

conditions 70% solids was the optimal pulp density, since the nett 

power consumption at this value was still comparatively low. 

In some of the tests the distance between the impeller 

blade plane and the tank bottom was varied from 10 to 60mm. This 

variation had no effect on the nett power consumption, so that the 

impeller was always kept as low as possible, in order to produce good 

agitation at even low speedo and in order to minimise air intake at 

the higher speeds. 

In some of the tests a smaller conditioning tank ( 75mm 

diameter ) was used for conditioning of 400g batches of -limonite ore 

at 70% solids. The variation of nett power consumption with tmpeiler 

speed, impeller nice, and pulp density was the same ac in the larger 
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tank. The nett power consumption was approximately the same for each 

speed in both the large and small tanks, but owing to the smaller 

amount of material the apocifio nett power consumption per kg solids 

was 2.5 times greater in the smaller tank. This indicated that the 

resistance of the pulp to movement was practically the name in both 

cases and was due to geometrical factors. 

The ratio between the nett power consumption and the gross 

power consumption in the armartuee circuit was nearly 1:2 in all oases 

of impeller speed, impeller size, and pulp density. 

This test assembly was employed in the conditioning of 

ilmenite ore with fatty acid and fuel oil as described in part II. 

2.6.6. Elgerimental data of oonditionipg and flotation tests.  

The ezPerimental data obtained in the conditioning and 

flotation tests described in sections 2.5.1.-2.5.12. are presented in 

the following tables, using the consecutive test numbers for reference. 

The following abbreviations wore employed for convenience: 

too. - tall oil, 

f. o. - fuel oil, 

roc. - rougher concentrate, 

foe. - fatty acid, 

no°. - neutral oil. 
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TABLE 203 

Variation of the initial reagent addition° Conditioning until 

the initiml apparent viscosity w s regained. 

Test 
No. 

Initial 

too. 
addition9g/kg 

reagent 

foe° 

%wt. 
r.00 

R000 
grade 
% 

Recoveryy% 
ilmonitegangue 

Reagent 
in r.c.,5, 
too. 

recovery 
,I, 
food 

1 0067 0087 8505 50.5 98 76 91 95 

2 0.82 0082 82 5205 97 72 88 87 

5 0.76 0.76 78 54.5 96 65.5 82 85 

4 0.68 0.68 70 61.5 9705 48 78 75.5 

5 00 615 0.615 66.5 65 98.5 41 74 70.5 

6 0.58 0.58 65.5 67 94 40 69.5 72.5 

7 0.52 0.52 62.5 68.5 94 58 70 68.5 

8 0.49 0.49 57.5 66 65.5 56.5 66 62 

9 0.48 0.48 48.5 58.6 65 5505 57.5 5505 

10 0.47 0.47 58.5 56 49 50 49 47.5 

11 0.46 0046 32 52 37.5 27 45.5 44.5 

12 0044 0.44 27 48 29 25.5 41 41.5 

15 0058 0.58 15 46 17.5 15 58 56 

Note: too. - tall oilo  f.o. - fuel oily 

roc. - rougher concentrate 



-251 
TABLE 2.4 

Power connumption ( in watts/kg ) v. conditioning timep when the 

impeller speed MB increased during the period of high viscosity 

min. 
TimeNo014No.15No.ANc. 

1 
17 Time 

min. 
No.17 con-
tinued 

0 802 7.8 X3.5 8. 

1 801 7.0 8.5 8,1 2.9 8.7 
2 8.1 7.5 801 8.0 20 804 
5 7.9 7.5 7.9 7.8 22 8.1 
4 7.8 7.5 708 7.6 24 7.8 
5 7.8 7.5 7.8 7.5 26 7.9 
S1 7.8 	i 703 8.9 708 28 708 
6 9.1 8.2 1100 ' 8.7 50 7.9 
6i 1102 9.5 23.0 10.0 40 7.9 
7 17.0 	j isol 55.0 15.0 

71 2600 	, 20.2 57.5 i  21.8 
8 57.1 50.3 57.5 31.0 

8i 57.1 35.8 55.0 56.2 
9 56.2 55.8 50.0 3602 
9i ' 	35.4 30.6 26.5 52.5 
10 28.2 26.5 20.0 27.8 
lli 24.0 21.3 19.1 25.0 
11 19.5 17.3 20.0 
illy 16.0 15.2 16.7 
12 13.1 14.5 
12 11.9 ' 1205 
13 11.9 
14 11.5 
/5 9.4 
16 9.3 
17 9.1 
18 s 8.9 
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TABLE 2.5 

Power consumption ( in watts/kg ) v0 conditioning time, wh©n 
the impeller speed was kept constant at 1100 r.p.m.(Curve II) 

Time 
min 

410028 lic.20No.2eNc02EVO02111o.21To.2So.2'No020io.1°No.18 

0 7.8 7.8 7.7 7.9 8.0 7.9 7.5 7.8 707 708 7.7 

2 7.1 7.8 708 7.9 7.8 7.5 7.6 77 706 7.5 

4 6.7 7.2 7.5 705 7.8 7.6' 702 705 707 705 7.4 

5 6.5 702 7.5' 705 7.8 704 7.2 705 7.7 705 

6. 	' 6.8 705 707 705 7.8 704 	7.2 705 7.7 7.5 

7 '7.5 7.2 7.7 8.9 7.8 709 7.5 7.5 7.9 

7i- 9.6 10.1 9.5 9.9 10.0 9.0 9.2 7.5 10.5 

8 1200 15.2 11.9 15.5 15.5 11.5 1205 8.5 

8i 15.4 14.1 la.5 14.0 14.2 12.6 15.5 12.4 
n J 15.9 1405 15.1 14.7 14.7 15.9 14.4 15.5 

9i 14.4 14.9 15.9 15.5 15.5 /4.6 14.6 15.9 

10 14.9 15.1 14.1 15.6 15.5 15.5 14.8 14.4 

1Pi 1 	14.9 1,51 14.5 15.6 15.5 15.5 14.8 

11 14.8 14.9 14.9 15.6 14.8 /5.5 14.8 

lli 14.6 14.8 14.9 150/ 14.5 14.8 

12 14.4 14.7 14.9 14.9 14.2 14.5 

15 14.0 14.5 14.6 14.4 15.9 14.1 

' 	14 15.2 15.8 14.0 15.6 15.6 

15 1205 1207 15.6 1208 1209 
16 1105 11.5 1203 11.5 continued on page 254 

17 9.5 9.1 10.5 9.6 
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TABLE 2.6 

Power connumntion ( in watts/kg ) v. conditioning timed  when 

the impeller speed was kept constant at 1A00 rop.m.(Curve III) 

No.58 No057 No.56 No.55 No.541No.55 ic.52 No051 No050 Nc.29 Time 
min. 

805 8.6 709 8.6 805 8.7 804 8.2 8.6 8.5 0 

8.1 8.4 7.9 8.4 8.1 8.4 8.5 8.0 806 8.5 2 

7.9 8.4 7.9 8.5 8.1 8.7 802 8.0 8.6 8.5 5 

7.8 8.9 7.9 8.2 8.1 8.7 8.2 7.9 8.6 8.5 5i 

110 11.5 8.5 10.9 112 11.7 12.0 7.9 11,09 4 

18.9 22.0 12.0 25.0 19.8 19.8 20.1 12.0 19.9 4 

25.1 25.0 17.9 24.1 25.5 24.5 24.9 20.1 5 

25.0 25.0 22.2 24.1 25.5 24.5 2409 24.4 5i. 

217 22.0 22.2 21.0 22.0 22.1 22.0 24.5 6 

2005 1908 ,';002 20.2 21.2 2001 21.0 20.2 6 

20,0 18.9 19.5 1903 20.5 19.2 2001 19.1 7 

1901 18.4 1807 189 20.0 18.5 19.2 18.4 7' 

18.2 17.1 17.9 18.0 19.1 16.9 18.1 16.9 8 

15.9 /5.1 15.5 /602 18.5 15.5 16.0 15.9 81 

14.4 14.1 /5.8 15.5 15.8 14.9 15.0 /4.9 9 

13.0 12.9 1'208 1405 14.6 15.8 15.5 9i- 

1k1.0 11.5 11.7 1201 1505 12.9 12.0 10 

1102 1100 11.1 11.5 12.2 12.0 11.0 10i 

10.9 10.7 10.5 10.9 11.3 11.2 (continued. page 234) 11 

9.9 9.5 905 10.0 9.5 9.9 12 
902 900 GoS 9.5 8.9 1,3 
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TABU 2o5 continued 

Time N0028 No.27 No.28 N'.25 

18 8.4 8.1 9.1 8.9 

19 8.0 7.8 805 8.5 

20 7.7 7o7 8.0 709 

22 7.5 706 7.6 7,7 

24 7.4 7.6 7.7 

26 7.5 76 7.7 

50 7.5 7.5 7.7 

55 7. 2 7.5 

58 702 

TABIAL2A( 29E012921 - 

Time 
min 

No.M'No. q'No.56 No.55 No.64 

1 
14 9.0 8.9 8.6 1 	8.9 8.7 

16 8.5 8.8 8.2 8.6 8.5 

18 8.1 8.8 8o0 806 
1 

20 800 807 709 

22 7.9 807 709 

24 7.8 806 

28 708 

50 7,8 

22___-72------L------L---H-=----- 

TA3L?.1 207 

Flotation 	nits of ilmenite ore conditioned to different 

characteristic pointy on the poser oonoumption ourve type 

when the impeller opeed was increased during the period of 

incroazed viocosity C  flooculation and deflocoulation ) 

i Toot Time 
No0 	in 

nitial 
addition 
too, 

reagent 
kg 

f000 

%;trt. 
roco 

Roc. 
grade 

Recovery9  % 
ilmenite-anguet 

Reagent r.covery 
in r000D  % 
t.o. 	foe). 

14 	10i 

15 	1* 

16 	121 

17 	40 

0.55 

0054 	k 

0.55 	I 

0.55 	i 
i 

A 

1 0.55 

0.54 

0.36 

0.55 

75.5 

72 

68 

28o5 

57 

56.5 

6103 

60.5 

97 

96 

97 

40 

66 

55.5 

45 

19.5 

97 	1 	101 
I 

97 	1 	98 
! 

85 	i 	85 

56 	55.5 
--- 
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TML3  2.8 

Flotation 	uit ctUmenite ore eonditdoned to different 

oharcote_Istie points on the power eonoumption curve typo a 

when the impalor opeod una kept oonEtant at 1100 r0p.m0 

No. 
;T:tTi-me 

min 
Initiga 

t0o. 
additionra/kg 

reagent! 	t0 
! r.a0 

._,,_. 

f0e0 6 

Rock 
grade 
% 

RecoverzYD% 
ilusnitOgangud 

.„.,....,... 

aagent 
in r.o.p 

. 	4 
000 

.. 

recovery 
$ 

foOo 

18 

19 

20 

21 

22 

23 

24 

23 

26 

27 

28 

4 

6 

7 

10 

11 

15 

15 

22 

50 

,35 

58 

0055 

0,54 

055 

0,54 

0.54 

055 

0.54 

058 

0054 

0.54 

0.54  

0.55 

0054, 

0.55 

0.54 

0.54 

0435 

0.54 

0.55 

0.54 

0 54 

0.54 

9 

457L 

1 65 

185 
i g 
! 84 

/  79 

174.5 

57Z 

50 

14505 

/ /27205 
i 

45 

5008 

495 

48 

49 

55 

59 

7005 

75 

67 

70 

901 

475 

69.5 

89 

91 

9305 

97.5 

92 

81.5 

71 

66 

805 

. 86 

58 

82 

81 

6705 

56 

2905 

2505 

25 

2a 

45 

54 

78 

99 

101 

a02 

98 

7605 

65 

53 

55 

' 	42 

50 

80 

97 
, . 

99 

97 

25 

72 

' 	65 

60 

57 
1 
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TABLE q9 

Flotation ruoults of ilmenito ore conditioned to different 

oharanterimtio points on the power consumption curve typo 

then the impsller speed vas kept constant et 1400 r0p0mo 

Test 
No. 

TimelInitial reagent 
mine t addition 

too. 
ks 

f.o. 

%wt0 
r.o. 

`41 

R0c0IRecoveryD  
grade!ilmenitegangue 

% Reagent 
in r0c044 
too. 

recovery 

f.o. 

29 8i. 	0.545 0.545 44.5 49.5 50 40 60 58 

50 MI 	0.55 0L55 85 46 86 75.5 95 95 

51 9 	0.54 0.54 74 60.8, 9705 51.5 95 90. 

52 10 	0.55 055 66 	65.5 Cif 41.5 81 82 

55 12 	0.55 0,55 62 	64 96 5505 79 78 

54 16 	0.54 0.54 57 	70 91 28.5 71 71 

55 18 	0.54 0.54 , 51 	75 845 24  65 64 

56 22 	' 	0055 055 47 	75 81 22 60 58 

57 24 	0.55 0,55 . 44.5 	72,5 75 21 56 56 

58 52 	0.55 0.55 2806 	62.5 5905 19.5; 57 56 
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Plotation remits of :limonite conditioned to the chareotozlatic 

point '1.," on 'ene power conotimption OUTY0 kr.PDii et different 

initial reagent additions ovor thz5 Vonge 0076z:2016Ag (1g1) 

t 
nitLa reagent ;f.; v7t2, R.o. R000veryo 	Reagent recovery 
additionv5/kg ! roc:. !Trade U.lmonitOgangu4 in roc° 44'  
t000 	

xt 
e 0 	

r 
1  too 	oot 

42 

44 

46 

47 

48 

49 

50 

51. 

5 

'55 

0.66 

0.405 

0.446 

0.47 

004t1 

0050 

0.52'3 

0.54 

0.575 

0.65 

0.75 

0085 

0096 

1.05 

0.58 1648 	/805; 16 
1 

0.405I 25.5 	47 ? 27 1  22 
1 
i 	I 

0.445 1  55.5 . 55 i 42 	28 
i 	

1 

42 57 54 i 

	

1 	1 A9 . 59 i  
I 

I 
6135 670I 94 

! 66 ! 
t 	I 

65 4 65 

97 

98 

98. 	75 

99 

100 

047 

0.48 

0050 

0.51 

00525 

0054 

0.575 

0.65 

0.75 

0„85 

0.95 

1.05 

56.5 67 

53.5 , rs 0 

70 ! 61 

77 	56 

86 	53 
! 

99,5 

Os!, 

45 

egt 

86 

66 

90 

87 

99 

40 	42 

48 
	46 

38 	83 

95 	92 

101 	99 

29 	52 	52 

56 	59 	56 

39 	65 	63 

40 64,5 65 

40 	68 	67 

96 	4.2 	72 

96 	44 	75 	70 

52 	76 	78 

62 	80 	Eif; 



54- 	0.45 I 0045 6105 00 f 

55 	0055 1 0.55 87.5 

56 	0057 ( 0.57 93 

57 	0.65 1 0.65 100 

48.5 

47 

44 

45 66,5 675 

53 ! 71.5 	72 

0 

(14.- 1  77.5 	79 

78 85.5 05.5 

90 	94 	95 

99 100 99 

15 5205 55 

20  57.5 57.5 

24 5505 5405 

2605 5705 58 

50 	53 	58 

54 ! 6505 	6505 

1  
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TABLIB 2,41 

Plotation reculto of limonite ore conditienea to tho charaoteripti(6) 

point qr ar niv on the pouev consumption curve type as at 

different initial roagont adation over the range 0.9-2,4g/g (10. 

,,,Ima.•44,,••1 4P •

- 

Tect iinitial reagent i;Wt'7.. .1130 Recovery0 	 ogent recovery 
No. 	addibionve/hg r.o. Grade *lumnit4gongu 	U1 ro6o,% 

too. 	foia. t000 1 r000 

Characteristic point "lit" 

Charaoterictic uoint "N" 

58 

1 59 

° 60 

61 

62 

65 

66 

66 

(37 

38 

0.4 0.6A 

0045  0048 

0.5g 0o52 

00502, 0.54 

0.58 0053 

0.65 0.65 

0.75 0.75 

0080 0.80 

0090 0090 

1.0 1.0 

101 1.1 

1.2 1,2 

47 20 

58 ZE,  

75 84 

75 90 

7205 92 

66 9A 

65 95 

605 96 

NVT,' 96.5 

51 97 

48 99 

44 ',1N 

70 

96 

98 

1PO 

I 1805 

i 29 

i 50c5 

I 5405 

56 

i  61 
i 
/ 64.5 

1 70 

77 

1 8505 

1  95 

9905 
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lactatiOn results of ilmonit o oonaitioned to point "L at aifferont 

tell (la adaitiono ana at aifferent tall oil/fuel oil ratioe. 

Toot Initio 
i No. aadit 

L 170 
Longg/lig 

El.g.0 rt.t 	% Tit 0 
r000 

f000 

a o tel 0 
grade 

a ea 

RCI eovory,% 
ilmenitt.gangue 

1 Reagent recovery' 
in r000,% 

to©. 	f.o 

0.25 	57 5e 49 24 48 50 

0 55 	52 61.5 79.5 64

• 
 23.5 62 

0045 	65 62 97 56 77 7505 

0055 	64 6205 96 55 7505 75.5 

0.65 	65 65 95 54. 75 76,5 

0075 	64.5 62 96,5 56,5 74 77 

0085 	64 65 95.5 34.05 76 :Y405 
0095 	65 6 97.5 6505 75 75 

143 	65.5 65 98„5 5505 76 ; 75 

0.25 	19 55 2505 10 5005 1 55 

0.55 	27 57 55 1505 59.5 42 

0045 	56 50.5 49.5 20 47 45 
0.55 4 57 56 48 22 4905 AB 

0035 	I 56.5 58,.5 48.5 21 50 50 
0.85  57.0 57,5 4005 21 52 48 

005 4505 56 59e5 50 SA 5505 

0055 i 62 61 8505 5505 76 76 

0045 1 70 62 99 420,5 77 79 
0055 1 71 61 975 45 77  79 

0.65 1 69,5 	62 98 	•4205 80 77.5 

1 62,5 	70 	61 97,5 641,  7805 7605 

t.o. 

	

70 	0055 

	

71 	0050 

	

72 	0055 

	

75 	0.55 

	

74 	0.55 

	

75 	0050 

	

76 	0,55 

	

77 	G055 

	

8 	0,55 

79 
	

0.4& 

80 
	

0046 

81 
	

0015 

82 
	

0,45 

85 
	

(L45 

84 
	

0.45 

65 
	

0%65 

es 
	

0,65 

87 
	

0,65 

0.'35 

so 
	

0,C5 

SO 
	

GY65 
W.A.11.41111104Maa.,.0.1.101. 	1,1110014.,MOM11161.61MMEM 

o. - .411 oilv  fooc • fuel oil, 

ro0 - rougher oonoontrate 
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Flotation results of ilmenite ore conditioned to point "L" at 

different reagent additionsp when the pH was lowered at point "F". 

1 
i 

1 

No. tst5quiv 
TestliS0ApHitnidtialti  I aat 	

on, 
too. 	1 

reagent 
1 
i 

g/kg 
foo. 

% wt. 
rocs. 

i 
Roc. i 
le 

4 
itieoolryo% 	fleagent 

meni iganguel 	in no. 
too. 

reooyeryl  
a% 
?Os). 

1 
1 

1 

1 

1 

91 

92 

85 

94 

93 

96 

98 

99 

100 

101 

102 

105 

104 

105 

106 

107 

0 

0 

0 

0 

2 

2 

2 

2 

4 

4 

4 

4 

8 

8 

8 

8 

4 14051 

6.5 

6.• 

6.5 

6.5 

5.5 

5.5 

5.5 

5.5 

4.5 

405 

4.5 

4.5 

3.5 

5.5 

5.5 

3.5 

0.49 

0.54 

0.62 

0.70 

0.495 

0.545 

0.59 

0.71 

0.49 

0.54 

0.61 

0.70 

0.485 

0.54 

0.62 

0.70 

0.60 

Lowering 

0.49 

0.54 

0.62 

0.70 

0.495 

0.545 

0059 

0.71 

0049 

0.54 

0061 

0.70 

0.485 

0.54 

0.62 

0.70 

10.60 

J
97 

54 

62 

67.5 

74.5 

40 

55 

58 

62 

29 

44. 	
1 

53.5 

59 

5 

28 

42 

49 

of the 

17505 

71.5 I 

67.51 
s 

	

64 	1 

58.6 

80.5 1 

76.5 i 

	

75 	i 

69 

	

70 	146 

	

74 	1 

	

77 	1 

72 

, 55 

75.5 

175 

180 

pH at 

57 
1 

88 	1 

95 	i 

98 	I 

 99 1 

73 	I 

92 

95 	1 

W 1 

74 

92.5 

 95.5 

1 	6 

1 48 

i 72 

i 89 
point "34  

1 95Q5 

	

25 	1 

32 

42 

56 

	

15 	1 

1 	16 

20 

	

28 	1  

I 	'7 
1 
I 	15 

1 	17 	I 
s  21 

1 
I 	4 	1 

1 	8 	
I 

I 	15 

1 	15 

I 	56 

65 

1 	75 

1 	82 

' 	88 

55 

I 	65 

1 	72 

75.5 

 
I 	

58 

1 	56 

'72 

 75 

. 
14 

58 

' 	56 

	

62 	j 

	

185 	1 

r 	65 

77 

i 	80 

89.5 

i 	52 

68 

70 

78  

35 

54 

70 

72 

13 

40 

36 

60 
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TABLE 2014 

Flotation results of the tests described in sections 2.5060 2.5.80 

( Repeated flotations, reconditioning, addition of fines ) 

1 	TestlInitial 
No.! addition 

t.o. 	, 

reagent 
,g/kg 
f.o. 

$st.1 R0o01. 
r0c.!gradelilmeniteigangud 

Recovery, $ 6eagent recovery 
in r000 e% 
.L.0,, f.o. 

108 

1 
	108a 

I 	109 

110 

111 

1 
	112 

115 f 
1 	114 

I 	115 
i 

00575 

0056 

0.54 

0.56 

1.4 
0.55 

1.4 

100 

111a I  

111b I  

0.575 

0.56 

0.54 

0.56 

2.0 

0055 

1.4 

100 

9005/ 

65 	; 

65 	1 

6105 1  

62.5 1 65 

51.5 

55.4 

65. 

61.5 

62.5 

(
61 

I 

4705 

65051 

64.51 

67 	I 

, 

; 1 68 

: 89 

1 67 

1 70 ) 
1 70 
' 
169 

9705 

96 	1 40 

95 

94 

95 

; 	80 

1 	55;;5 

1 	9505 

1 	96 r 
1 	97 

I 	95.5 
i 

8405 

41.5 

55 

57 

29 

19.5 

57 

55.5 

56.5 

155.5 

9905 

74 

75 

71 

74 

t 	65 

48 

75 

7505 

77 

99 

. 

i 

17505 

98 

72 

75.5 

72.5. 

65 

46 

74 

75.5 

7505 

97.5 

Notes t.o. - tall oil, f.o. - fuel oil 

roc, - rougher concentrate 
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TABLE 2.15  

Flotation results of the tests described in sections 2.3.9.-2.3.100 

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

1 	Test 
No. 

Initial reagent 
additionpg/:: 
t.o. 	1 	f.o. 

%wt.. 
raga. .grade 

Roc. 

% 

Recovery 
ilmenit g;ngud 

e% Reagent recovery 
in r0c09% 

too. 	• 	1 f000 

116. 1 00555 1 0.555 62 67 96.5 54 74 I.76.5 

1117 0.55 	; 0.55 62.5 68 97 35.5 77 77 

I 1 	118 0.56 	1 0.56 61.5, 69 97 34 75.5 78.5 

I 119 '0.54 	i 0.54 60.5 69.5 95.5 34 75 73.5 

120 0.61 	1 0.61 66 65.5 98 41 . 84 82 

121 0.6151 0.915. 9105,  47.5 97 87 100 99 

122 0.60 	i 0090 67.5- 64.5 98.5 42.5 85 84. 

125 0.61 	i 0.91 66 65 97 41.5 81 85.5 

1 	124 0.61 i 	0.91 95 46 97 89 101 98 
I i 	125 0.6 	I 1 	0.6 67 68 96 41 82 84 

126 0.56 1 	0.56 89 48.5 97 81 99 101 

1 	127 0.5651 0.565 61 70 96.5 36 • 74 76 

128 0.555.1  1 	0.555 59. 71.5 95 28 71 73 

I
129.0.555 1 0.555 90 49 98 82 100 98.5 

I 	150 0.57 I i 0.57 63 68 97 35 75 75.5 
I 131 0.56 1 	0.56 58 75 96.5 29 71 72 

i 

.Nbte: t.o. - tall oil, f.o. - fuel oil 
,:r.o. - rougher concentrate 



TABLE 2.16  

Flotation result!' of the test described in section 2.5.11. 

( reagent mixtures other than tall oil/fuel oil ) 

Test 
No. 

Initial reagent 
additionpgAg 
f0a. 	n. o. 

 

%; yrt. 
no. 

 

Roo. , Recovery4 Reagent recovery 
grade ilmenit4gangue in r.o.,a 

roam 	nmo. 

     

      

      

tall oil - fuel oil 

132 	0.545 10.545 90I 47 	96 	82 	97 

152a 	50 7505 8505 25 62 

99 99 

60.5 60.5 

75 75 

 I 91 	47.5  96 	183 	99.5 
157 	0.56 	0.56 I 60.5 69.5 94.5 35.5 77.5 

77.5 77.5 

97 
68 
97 
68 

138 138 
159 159 

140 I 
140a 
140 I 
140a 

141 141 
14/a  14/a  

oleic acid - in-octane 
0.56 	1.12  92 	48 I 97 	184 	101 
0.55 1.1 61.5 70.5 9505 36 79 

tall oil only 

1.55  	89 	49 	I98 	j 81.5 110011  
62 69 96.5 35 7505 

oleic acid - in-octane 
0.56 	1.12  92 	48 I 97 	184 	101 
0.55 1.1 61.5 70.5 9505 36 79 

tall oil only 

1.55  	89 	49 	I98 	j 81.5 110011  
62 69 96.5 35 7505 

oleic acid only 
1.56 87  50 97 79.5  99 

62.5 69 97 36 76 

oleic acid only 
1.56 87  50 97 79.5  99 

62.5 69 97 36 76 



TABLE 2017  

Flotation results of the tests described in section 2.8.12. 

( ferric chloride addition ) 

Test 
No. 

Initial 
additionpg/kg 
t.o. 

reagent 

f.o. 

%lot. 
roc. 

R.c. 
grade 
% 

Recoveryp% 
ilmenitegangue 

• 
Reagent 
in r.o.p 
too. 

recovery 

f.o. 

142 0.56 0.56 61 70. 95 87.5 74.5 76 

148 0.55 0.55 61.5 69. 95.5 56.5 76.5 77 

144 0.54 0.54 51.5 79 95.5 22 68 68 

145 0.55 0.55 50.5 78 91.5 25 65 67.5 

146 0.555 0.555 92 47 96' 84 99 96 

146 61.5 70 95 56 77 7505 

147 0.545 0.545 91 46 95 85 95 98 

147a 60.5 69 94 55 74 76 

148 0.55 0.55 91 47.5 95.5 84.5 98 99 

148a 62 70.5 95 	
I 

87 75 75.5 

Note: tao. - tall oils  f.o. - fuel oils  

roc. - rougher concentrate 

Note to table 2.16: 

f.a. - fatty acids  n.o. - neutral oil 
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