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ABSTRACT

Pigment grade TiO, has successfully been prepared from Rosetta ilmenite
leach liquor. The latter has been prepared by reductive HCI leaching fol-
lowed by selective Ti extraction using tri-octyl phosphine oxide (TOPO).
This has been possible by partial reduction of the leached Ti values to its
trivalent state. The relevant extraction and stripping factors have been opti-
mized. For the former, these involved the aqueous phase acidity, the TOPO
molarity, the time of extraction, theratio of octanol aswell asthe A/O ratio.
The optimized extraction conditions included: an aqueous phase acidity of
5M HCI, a0.72M TOPO in kerosenetogether with an octanol volumeratio of
10%for 5 minutesat an A/Oratio of 1/1.

The optimized stripping factors have involved a0.25M HCI for 10 minutesat
anA/Oratio of 1/1.

The obtained strip liquor was then hydrolyzed to form theinsol ubl e titanium
hydroxide using the seed nuclei technique. After calcination the obtained
product, it was found to be devoid of Fe, Mn, Cr and V.
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INTRODUCTION

Titanium occursin naturein only two principa min-
erd formsthat canbemined namey ilmenite(FeO.TiO,)
andtoamuchlessextent itswesthered variety leucoxene
(Fe,0, TiO,) aswell asrutile(TiO,). Depositsof rutile
arefar more scarcethan those of ilmenitewhich repre-
sent indeed 95% of theworld production. Bothilmenite
and rutileareused for the production of titanium metal
and titanium dioxidewhite pigment whichisthewhitest
of al whitepigments. Thetitanium dioxide pigment is
actualy usedinsevera industriese.g. paints, plastics,
rubber, textileaswell asceramic and paper industries.
Ontheother hand, titanium metd isinvolvedin severd

industriesduetoitsinherent uniquecharacterigticse.g.
military aircraftsand missiles.

Theincreasing lack of rich rutiledepositshasin-
deedresultedinincreasinginterestintherdatively lower
gradeilmenite depositsto enrichitsTiO, content. Sev-
eral processes have been suggested to removeiron
oxidesand other impurities. Some of these processes
have beenindustrially applied; namely conversionto
synthetic rutileassaying 92-95% TiO,, by roasting via
the Becher process or by roasting and acid leaching
(Bendlite process) or el seby smeltingto ahightitania
dag pluslow manganeseiron product®.

Classically, manufacture of TiO, pigment fromits
minerals has been carried out viatwo main routes,
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2011)

namely thesulfaterouteand the chloriderouteand each
of which requiresdifferent stocks. Inthe sulfateroute,
thefeedstock iseither finely ground ilmenite of mini-
mum44%TiO, or sulfatabletitaniumdag of 72%TiO,.
In this route, the feedstock would be digested with
strong sulfuric acid to solubilizetitaniumwhichislater
hydrolyzed by precipitationto form the TiO, pigment
after prior iron reduction and crystallization of ferrous
alfate

FeTiO,+H,S0,P% FeSO, + TiO, +H,0

Inthechlorideroute, thefeedstock includesmainly
naturd rutile (94-98% TiO,), syntheticrutile (92-95%
TiO,) or chlorinatabletitanium diag (80-90% TiO,). In
this route, amixture of the feedstock with coke and
chlorineiscalcined to obtain gaseous TiCl, whichis
then condensed to aliquid whilemost of theimpurities
areseparated assolids. Theliquified TiCl, isthenre-
heated to the gaseous state and mixed with hot oxygen
toformveryfinecrysdlinerutile
TiO, (impure) + C + 2CI,P% TiCl, + CO,

TiCl,+0,P% TiO,+2Cl,

Inthisregard, it hasto be indicated that several
works have a so been achieved to prepare synthetic
rutile by reductive acid leaching by essentially using
HCIB7813, Inacid leaching, thedissolved ferrouswoul d

becrysdlizedwhileTi isleft for hydrolyss.

Recently, severa researchworkshavelately been
conducted for the direct manufacture of pigment grade
TiO, from different acid solutions of ilmenite concen-
trates using different organic solvents. Thisisdueto
their smplicity, versatility and easy recovery besides
avoiding the disadvantagesand/or requirementsof the
sulfate and chloride routes. The organophosphorus
extractantswhether theneutra or theacidic extractants
havebeen extensively used for titanium extraction from
itsacidicleachliquors.

Zhang et d*” have presented aconciseliterature
review of thedeved opedtitanium metdlurgica processes
whether those commercially applied or proposed for
theproduction of pigment grade TiO, andtitaniummetd.
These processes can actualy bedescribedintheframe
of thetwo principa metalurgical categories, namey the
conventiona pyro- and € ectro meta lurgical processes
and thegrowing hydrometal lurgical processes(Figure
1). Whiletheformer are only applied upon adequately
richtitanium feed materid (natural or syntheticrutileas
well astitanium dag), thelatter can generdly bedirectly
aoplied uponilmenite. Thehydrometa lurgical processes
indeed involve either an acid leaching step (HCI or
H,SO,) or else using caustic leach processing by con-
centrated NaOH or KOH whereanintermediate prod-
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TABLE 1: Chemical compositionsof East Rosettailmenite concentrate

Oxide TiO, Fe, O, FeO MnO

V20s

Cr,03 M gO A|203 CaO S|Oz

Wt.% 44.01 21.41 28.50 1.15

0.18

0.29 0.80 0.90 0.44 0.75

uct highintitaniumand low inironisobtained. Alterna:
tively, ilmenite can be roasted with NaOH at 850°C
and the product can be water |eached, hydrolyzed and
dissolvedinminerd acid®.

The present work is concerned with the prepara-
tion of pigment grade TiO, from Rosettailmenite con-
centrate viasal ective solvent extraction of titanium us-
ing tri-octyl phosphineoxide (TOPO) after insurance
of adequatereducing conditionsof theTi hydrochloric
acidleachliquor. Thisisduetothefact that in aprevi-
ous work by the author, it has not been possible to
effect thisselectivity sincethe reduced iron was oxi-
dized during extraction and wasthus co-extracted with
titanium*¢, Such abehavior would have necessitated
working in aclosed system or under an inert atmo-
spherei.e. in the absence of oxygen; amatter which
wouldrequireadditiona cogts. Inthat work, it wasthus
decided to subject thetitanium solutionto aprior Fe
extraction usingtri-octyl amineafter itscompletere-
oxidation to the Fe** state by H,0,. Inthe meantime,
to overcomethisinconvenience, Duyvesteyn et dl¥ have
gpplied two solvent extraction circuitswhereinthefirgt
TRPO was used and which resulted in apregnant strip
solution containing titaniumand Fe** ionsand araffinate
containing Fe?* ions. Theformer — that might be sub-
jected to an oxidation step— was then subjected to a
second solvent extraction circuit using tri-octyl amine
to form asecond strip solution containing ferriciron
and araffinate containing puretitaniumionsand has
thusbeen subjected to hydrolysis.

Inthe present work, it washowever found feasible
to selectively extract thetitaniumvauedirectly fromits
hydrochloric acid leach liquor through proper reduc-
tion of thelatter by addition of extrairon powder until
formation of adequatetitaniumion speciesinitstriva-
lent state (violet color). Presence of thelatter would
prevent Fe** oxidation during thedirect sdective TOPO
extraction of titanium. In other words, co-extraction of
ironwithtitaniuminto theworking TOPO hasbeendimi-
nated by applying two steps of reduction. Thesein-
volved addition of 10 wt% metdlicironwith respect to
theinput ilmeniteduringitsleaching step aswell asad-

dition of an extra10% to the obtained leach liquor.
EXPERIMENTAL

Material
Preparation of theTi leach liquor

A sampleof East Rosettabeach ilmenite concen-
trate (TABLE 1) wasused in the present work to pre-
paretheworking Ti leach liquor by applying the opti-
mum conditionsprevioudy determined and which have
resulted in 95% leaching efficiency of the Till,

These conditionsinvolvedilmeniteleaching after
grinding to -200 mesh sizein concentrated HCI solu-
tion (12M)in /8 SL ratioat 80°C for 1.5 hr and add-
ing 10% Fe powder. Theilmenitedissolutionreactions
can berepresented asfollows:

FeO.TiO,+4HCI - TiOCl, + FeCl,+2H,0
FeO.TiO, +6HCI — TiCl, + FeCl,+3H,0

After filtration and washing, the assay of the ob-
tainedleach liquor wasfound tobeattain41.8gTiO,/
| equivalent to 25 g Ti/l together with 48 g FeO/l and
6.7 g Fe,0,/I in about 5M HCI acid. To prevent the
TOPO extraction of the present Fe* speciesor oxida-
tion of the Fe?* speciesto theextractable Fe** species
prior toitsextraction by TOPO, it wasfound neces-
sary to add adequate Fe powder to reduce theformer
on one hand besidesreducing some of the Ti** to Ti*".
Presence of thelatter wasfound to bebehind thedirect
reduction of any formed Fe** speciesand inturn pre-
vented any co-extraction of iron species.

Accordingly, to ensure complete reduction of the
Fe* species present in the obtained leach liquor be-
sideshaving an excess Fe powder to reduce some Ti#
totheviolet Ti®* species, 10% iron powder (with re-
spect totheinput ilmenite) wasadded. Thelatter would
havethusfirst reduced theferriciron equivadent tothe
present 6.7g Fe,O,/l which would be present as FeCl,
after reaction with HCI and whose reduction can be
represented through hydrogen asfollows:

Fe+2HCI =FeCl,+2H*
2FeCl,+2H* = 2FeCl, + 2HCI
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Fe+2FeCl,=3FeCl,

Ontheother hand, theremainingmetalliciron (4.4
o/l) would either directly react with the Ti* for itsre-
ductionto Ti*; viz,
2TiOCl,+Fe+4HCI — 2TiCl, + FeCl,+ 2H,0
2TiCl, + Fe— 2TiCl, + FeCl,

Or elsethrough HCl and the evolved H, would reduce
theTiCl, viz,

Fe+2HCl - FeCl,+H,

2TiCl,+H,— 2TiCl,+2HCI

2TiOCl,+H,+2HCI »2TiCl +2H,0

From thesereactions, itisclearly evident that the
excessiron could reduceabout 7.5g Ti/l from thetetra-
totrivalent stateinamanner that the Ti** woul d assay
about 17.5g/l.

Preliminary experimentsof selectiveTi extraction
from the prepared leach liquor by TOPO in kerosene
have proved the non-extraction of any iron. In other
words, it can bementioned that any Fe* speciesformed
during TOPO extraction, would be converted to the
non-extractable Fe?* speciesby Ti*" asfollows:
FeCl,+TiCl,+H,0=TiOCl,+ FeCl, + 2HCI
or elseFeCl,+ TiCl,=TiCl, + FeCl,

Analysisof the prepared working Ti leach liquor
has been found to assay 25 g Ti/l (of which someis
presentinthetrivaent state) and 66.7 g Fe?*/l whileno
Fe* iron was detected.

Preparation of TOPO extractant

The TOPO extractant phasewas prepared in this
work by dissolving the required amount in kerosene.
Fromthepreviouswork of Zaki (op.cited), it wasfound
that mixingthe prepared TOPO phasewiththeTi leach
liquor hasal thetimeresultedintheformation of a3
phase. Accordingly it was found necessary to add
octanol in a10% volumeto the prepared TOPO phase.

Experimental procedures
Extraction procedure

Theworking titanium HCI leach liquor wasthen
subjected to liquid/liquid extraction using TOPO to
obtainapregnant strip solution contai ning thetitanium
ionsand araffinate containing theferrousions. Kero-
senewas used as asuitable diluent for the extractant
while octanol was used as a modifying agent to im-

provethe hydrodynamic propertiesof the system. The
extraction experimentswere performed in separating
funnelswhere equal volumes of the aqueous and or-
ganic phases were mixed by amechanical shaker at
room temperature, until equilibriumwasreached. The
two phaseswere then separated and the concentration
of titanium in the aqueous phasewas determined. The
studied relevant factorsinvol ved the aqueous phase
acidity, the TOPO concentration, the contact time, the
ratio of octanol inthe organic phaseandfindly theA/O
ratio.

Sripping procedure

Several experimentswere performed to study the
factors affecting titanium stripping from the loaded
TOPO using HCI. Except otherwise cited, the strip-
ping experiments were performed by shaking equal
volumes of the agueousand organic phases (A/Oratio
1/1) until equilibriumwasreached. Thetwo phaseswere
then separated and the concentration of titaniuminthe
agueous phase was determined. The studied relevant
factorsinvolved HCI concentration, the contact time
and theA/Oratio aswell asthe number of cycles.

Titanium hydrolysisand calcination procedur es

Theobtained strip liquor washydrolyzedinthepres-
enceof seed nucle to form theinsolubletitanium hy-
droxide. For this process, proper seed nuclei havefirst
been prepared by boiling aportion of thestrip liquor to
precipitate the solubletitanium in theform of the seed
nucle. Thestripliquor wasthen added intwo stepsto
the prepared seed nuclel and after atotd stirringtime
of 2 hr under boiling the preci pitated titanium hydrox-
idewasfiltered, properly washed and dried before cal-
cination at atemperature of 850°C for 1 hr. By this
procedure, it has been possibleto obtain the pigment
gradeTiO,,

Analytical procedures

Anaysisof iron andtitanium wereperformed using
thetitrimetric and the spectrophotometric ana ytical
methods respectively™®. Thusiron wastitrimetrically
determined against EDTA usngsulfosdicylicacidindi-
cator. Whileanaysis of titanium wasperformed using
tiron asthe complexing agent and the absorbance was
measured at 430 nm (Unicam UV 2-100).
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Concerning thefinal calcined TiO, pigment prod-
uct was analyzed using atomic absorption technique
(Unicam atomic absorption 969 Model) at 248.3,
357.9, 318.4 and 279.5 nm respectively. whereit was
found to beavoid of any Fe, Cr, V and Mn.

RESULTSAND DISCUSSION

Optimization of titanium extraction factors
Effect of HCI acid molarity

According to Sol€*?, the acidity of thetitanium
agueous phase can affect phases miscibility, may pro-
videasalting-out effect and may affect the chemical
propertiesof the extractant. However, the main effect
of theacidity isin determining the agueous-phase spe-
ciation of titanium. It was concluded that most
extractantsareinefficient inregionswhere TiO? domi-
nates (~ pH 0) apparently because of the high hydra-
tion energy of thisspecies.

Inorder to study the effect of the hydrochloricacid
molarity upon Ti extraction from theworking solution
(41.8gTiO,/l equivaentto 259 Ti/l), aseriesof ex-
traction experimentswas performed using an acidity
varying from 5M to 10M HCl whiletheother extrac-
tion conditionswerefixed at an A/Oratio of 1/1, an
octanol volumeratio of 10% in the organic phase, a
TOPO molarity of 0.72M and for ashaking contact
time of 10 min. From the obtained results given in
TABLE (2), it isobviousthat the extraction efficiency
of titanium at 5M HCI attained 64.5%. Increasing the
acidity to 6, 7 and upto 10M did not bring any notice-
ableincreaseintheextraction efficiency of titanium. This
isduetotheinput TOPO molarity of 0.72 that would
be saturated with 17.3 g Ti/l according to stoichiometry
of theextracted speciesinwhich Ti/TOPO molar ratio
attains 1:2(+101 Therefore, it could beinferred that
5M HCI is considered asthe optimum value for the
subsequent solvent extraction of Ti under theworking
conditions.

Effect of TOPO molarity

To study theeffect of TOPO molarity on Ti extrac-
tion from theworking RosettaTi solutionin HCl acid,
severd extraction experimentswereperformed usinga
TOPO concentration varying from 0.54t0 0.90M. In

—= Fyll Poper

TABLE 2: Effect of acidity upon thedistribution coefficient
and theextraction efficiency of Ti (TOPO molarity 0.72M, A/
Oratio /1, octanol 10% and shakingtime 10 min)

Acidity, M Ti conc. at equilibrium, g/l D (e} efI?Xt_ractiog\
Organicphase Aqueous phase iciency, %

5 16.1 89 18 64.5

6 16.3 8.7 1.9 65.1

7 16.5 85 19 65.9

9 16.8 8.2 21 67.0

10 171 79 22 68.3

TABLE 3: Effect of TOPO molarity upon thedistribution
coefficient and theextraction efficiency of Ti (A/Oratio 1/1,
octanol 10%, shakingtime 10 min and 5M HCI)

TOPO. M Ti conc. at equilibrium, g/l p° Extraction
Organic phase  Aqueous phase efficiency, %
0.54 11.9 131 0.9 47.4
0.63 13.9 111 13 55.6
0.72 16.1 8.9 1.8 64.5
0.81 17.8 7.2 25 711
0.90 18.8 6.2 3.0 75.2

theseexperiments, the other extraction parameterswere
fixedat anA/Oratio of 1/1, an octanol volumeratio of
10% intheorganic phase, ashaking contact timeof 10
min and an aqueous phase acidity of 5M HCI.

From the obtained resultsreported in TABLE (3),
itisfound that the extraction efficiency of Ti isdirectly
proportiona to the TOPO molarity. Thus, it wasfound
that the Ti distribution coefficient variesfrom 0.9to 3
correspondingtoaTi extraction efficiency varying from
47.41075.2% at aTOPO concentration ranging from
0.54 to 0.90M respectively. As mentioned above, a
0.72M TOPO would be saturated with 17.3 g and
which experimentdly attained 16.1 g Ti/l; avaluewhich
isnot far from the stoichiometricvaue. Theadmost com-
plete depl etion of titanium from the agueous phase can
indeed beredlized in mixer settler under counter cur-
rent operationinwhichthe O/A ratio can beincreased.
This procedure can actually avoid theincreased vis-
cosity at higher TOPO molarity. Accordingly, 0.72M
TOPO would therefore be cons dered asthe optimum
molarity for TOPO under theworking conditions.

Effect of theshaking contact time

To study theeffect of the shaking contact time upon
Ti extraction from theworking RosettaTi solutionin
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HCI acid, severa extraction experiments were per-
formed under different time periodsranging from 1 to
20 minutes. The other experimental conditionswere
fixedatanA/Oratio of /1, aTOPO molarity of 0.72M,
an octanol volumeratio of 10% of the organic phase
and an aqueous phase acidity of 5M HCI.

From the obtained resultssummarizedin TABLE
(4), itisobviousthat Ti extraction efficiency isdirectly
proportiond to the contact timewhereby itsincrease,
thedi stribution coefficient and the extraction efficiency
haveincreased reaching 1.7 and 62.7% respectively at
5 minutes. Extending thelatter to10 minutesdid not
bring anoti ceabl e extraction efficiency and acontact
timeof 5 minuteswould therefore considered asthe
optimum shaking timeunder theworking conditions.
TABLE 4 : Effect of shaking time upon the distribution

coefficient and theextraction efficiency of Ti (TOPO molarity
0.72M,A/Oratio 1/1, octanol 10% and 5M HCI)

Time min. Ti conc. at equilibrium, g/l D ] Extraction
’ Organic phase  Aqueous phase efficiency, %
1 5.8 19.2 0.3 23.0
2 12.1 12.9 0.9 48.3
3 135 115 1.2 53.9
5 15.7 9.3 1.7 62.7
10 16.1 8.9 1.8 64.5
20 16.3 8.7 1.9 65.2

TABLE 5 : Effect of octanol ratio upon the distribution
coefficient and theextraction efficiency of Ti (TOPO molarity
0.72M,A/O ratio /1, shaking time5min and 5M HCI)

Ti conc. at equilibrium, g/l 1 O Extraction
A

efficiency, %

Octanol ratio, %
Organic phase Aqueous phase

0 135 115 12 53.8
5 14.7 10.3 14 58.6
10 15.7 9.3 17 62.7
20 16.0 9.0 18 63.9
30 16.4 8.6 19 65.4

Effect of octanol/extr actant volumeratio

Octanol isused asamodifier for the organic phase
inamanner to prevent theformation of an undesirable
titanium loaded phasethat isnot solublein thediluent.
To study its effect, a series of experiments was per-
formed usingan octanol volumeratiointheorganic phase
varying from O up to 30% keeping the other extraction
parameters constant at an A/O ratio of 1/1, 0.72M

TOPO, an agueous phase acidity of 5M HCl and a
contact timeof 5min.

From theobtained resultsshownin TABLE (5), it
isclear that astheratio of octanol increasesintheor-
ganic phasefrom 0to 30%, thetitanium extraction effi-
ciency increased from about 54 to about 65%. At 10%,
the extraction efficiency of Ti hasattained about 63%
whichisnot far from that (65%) at 30% ratio. There-
fore, a10% octanol intheorganic phaseisconsidered
asanoptimumvalue.

Effect of A/O ratioand constr uction of theM cCabe
Thide

Extraction diagram

Inorder to study theeffect of theA/Oratioupon Ti
extraction, severd extraction experimentswerecarried
out using different ratiosranging from 1/4to4/1ata
TOPO molarity of 0.72M. In these experiments, the
other working conditionsinvolved an octanol ratio of
10% of the organic phase, an aqueous phase acidity of
5M HCI and an extraction timeof 5 minutes.

From the obtai ned resultssummarized in TABLE
(6), itisclearly evident that both the distribution coeffi-
cient and the extraction efficiency of titanium aredi-
rectly proportional to the decrease in the A/O ratio.
Decreasing theA/O to 1/4 where adistribution coeffi-
cient of 31 and an extraction efficiency of 98.8% have
been obtained. Thisisdueto theincreased input [ Ex-
tractant]/[ Ti] ratio; amatter which would however be
at theexpense of adecreasein thetitanium concentra-
tion in the organic phase that has decreased down to
only 6.2 g/l. Inthe meantime, it would be possible at
thisA/Oratio of 1/4to decreasetheTi concentrationin
the raffinate to only 0.2 g/I. On the contrary, at A/O
ratiosof 2/1, 3/1 and 4/1 theextraction efficiencies of
titanium havedecreased to 32.4, 22.5and 17.3%re-
spectively, however, themaximum titanium concentra-
tion would not exceed the stoi chiometric ratio of Ti/
TOPO of 1:2(17.3g Ti/l). Ontheother hand, it hasto
beindicated herein that almost complete Ti extraction
hasbeen achieved at theA/Oratio of 1/4i.e. both Ti*
and Ti** have been extracted, however, after oxidation
of thelatter.

The extraction dataobtained at the applied A/O
ratiosranging from 1/4 to 4/1 have been used to con-
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TABLE 6: Effect of A/O ratioupon thedigribution coefficient
and theextraction efficiency of Ti (TOPO molarity 0.72M,
octanol 10%, shakingtime5 min and 5M HCI)

—= Fyll Poper

TABLE 7: Effect of HCImolarity upon thegripping coefficient
and the stripping efficiency of Ti (A/O ratio 1/1, shaking
time 10 min)

Ti conc. at equilibrium, g/l

o) .
A/O ratio Da eE.Xt.r actlog/
Organicphase  Aqueous phase iciency, %
14 6.2 0.2 31.0 98.8
13 8.0 0.9 8.9 96.4
12 11.5 20 58 922
1 15.7 9.3 17 62.7
2/11 16.2 16.9 1.0 324
311 169 19.4 0.9 225
4/1 17.3 20.7 0.8 17.3
= 25
=]
2 20
®
£
2 15
o
o
= 10
o ]
S 91 Stag2 o
o Operating line slope O/A=1.59
i:0|""i""i""i""i""
0 5 10 15 20 25

Ti conc. in aq. phase, g/l

Figure2: McCabe-Thieleextraction diagram of Ti from so-
lution (259 Ti/l)

struct the corresponding M cCabe-Thileextraction dia-
gramshowninFigure(2). Fromthelatter, it wasfound
that the d ope of the operating linewhichisequivalent
tothe O/A flow ratein acounter current processing
attained about 1.59. Using thelatter flow rate, two ex-
traction stages would be required for depleting the
working solution assaying 25 g Ti/l andredlizing satura-
tion or maximum | oading of the organic phase.

Optimization of titanium stripping factors

Accordingto Duyvesteyn et dl*, HCl wasfound a
suitable stripping agent and therefore Ti in the present
work was stripped from the loaded organic phase by
thisacid under different conditions. For thispurpose, a
Ti loaded organic phase wasfirst prepared using the
above determined optimum extraction conditions at
which theworking organi c phasewould beloaded with
15.7gTi/l.

Effect of HCI acid molarity
In order to study the effect of HCI concentration

HCI Ti conc. at equilibrium, g/l SA

trati Stripping
concentration, — organic Aqueous efficiency, %
M phase phase
0.25 6.7 9.0 1.3 57.4
0.50 7.2 8.5 1.2 53.8
1 8.1 7.6 09 48.1
2 9.4 6.3 0.7 39.8

TABLE 8: Effect of shakingtimeuponthestripping coefficient
and the strippingefficiency of Ti (0.25M HCI,A/Oratio 1/1)

Ti conc. at equilibrium, g/l

Time, : Sé Stripping
min Organic Aqueous efficiency, %
phase phase
5 7.8 7.9 1.0 50.6
10 6.7 9.0 13 57.4
20 6.1 9.6 16 61.0
30 55 10.2 19 64.8

upon thegtripping efficiency of titanium, severa experi-
mentswereperformed using different acid concentra-
tionsranging from 0.25to 2M. Theother stripping con-
ditionswerefixed a anA/Oratio of 1/1 and astripping
timeof 10 minutes.

From the obtained resultsin TABLE (7), it was
found that increasing the HCI concentration decreases
thestripping efficiency of titanium. Thuswhileat 0.25M
acid, the latter attained about 57%, it was found to
gradually decrease by increasing the acid mol arity to
2M downto only about 40%. Thismight beinterpreted
asduetothefact that increasing theacid molarity would
hel p theformation of the extractabletitanium species,
namely TiCl,. Therefore, 0.25M HCl would be con-
sidered asapractical optimumvalue.

Effect of theshaking contact time

To study theeffect of the shaking contact time upon
titanium gtripping efficiency, aseriesof stripping experi-
mentswerecarried out for ashekingtimeperiodsranging
from 5 to 30 minutes using 0.25M HCI and an A/O
ratio of 1/1. From the obtained data summarized in
TABLE (8), itisobviousthat amixingtimeof 10 min-
uteswasadequateto dmost attain the equilibrium state
at which atitanium stripping efficiency of about 57%
has been obtai ned. Increasi ng the shaking time beyond
10 minuteshasonly brought adlight improvement.
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TABLE 9: Effect of A/O ratioupon thestripping coefficient
and thestripping efficiency of Ti (0.25M HCI, shakingtime
10min)

TABLE 10: Effect of repeated stripping cyclesupon titanium
stripping efficiency (0.25M HCI,A/O ratio 1/1, and shaking
time10 min)

AJO Ti conc..atequilibrium, g/l é Stripping

ratio Organic Aqueous efficiency, %
phase phase

4/1 4.9 2.7 0.6 68.3

31 5.2 35 0.7 67.1

211 55 51 0.9 65.2

11 6.7 9.0 13 57.4

1/2 8.7 141 16 44.9

1/3 10.1 16.8 17 35.6

1/4 11.0 18.7 17 29.7

Effect of A/Oratio

Using an acidity of 0.25M HCI, severa stripping
experimentswere performed to study the effect of A/O
ratio upon the stripping efficiency of titanium. These
experimentswere performed at ashaking timeof 10
minutes. From the obtained results summarized in
TABLE (9), itisindicated that by increasing theA/O
ratioto 2/1 thestripping efficiency of titaniumincreased
t0 65.2%. However, further increase of theA/Oratio
to 3/1 and even to 4/1 did not realize a perceptible
improvement inthetitanium stripping efficiency which
hasdlightly increased to 67.1 and to only 68.3%. On
the contrary, by decreasing theA/Oratio to 1/2, 1/3
and 1/4, thetitanium stripping efficiency has progres-
sively decreased to 44.9, 35.6 and to only 29.7% re-
Spectively.

Repeated stripping cycles

Asmentioned above, failureto achieve effective
strippingwith 0.25M acid to practical levelsin spite of
increasing the volume of the stripping phaseto 4/1, it
was found convenient to study the effect of repeated
stripping cycles. For this purpose, aloaded organic
phase sample(15.7g Ti/l) wasrepeatedly stripped with
afresh stripping phase (0.25M HCl). In these experi-
ments, ashaking timeof 10 minutesand anA/Orétio of
1/1 have been used.

Fromtheobtaned datasummarizedin TABLE (10),
it wasfound that accumulative stripping efficiency of up
t0 98.4% has been obtained by 5 successive stripping
cyclesandthat titanium assay in the stripped organic
phase has been decreased from 15.7 to only 0.3 g/l.

Stripping Ti conc. at equilibrium, g/l Accumulativ
cycleno. Organic phase Aqueous phase stripping efficiency,%
1 6.7 9.0 574
2 32 35 226
3 14 18 115
4 0.6 038 48
5 0.3 0.3 21

However, astripping efficiency of 91.5% has been ob-
tained by 3 cyclesand at which the organic phasewas
depleted downto 1.4g Ti/l and which can berecycled
totheextraction circuit.

Titanium hydrolyss, calcination and analysis

For product preparation, thetitanium stripping so-
|ution was subjected to proper hydrolysis. For thispur-
pose, some seed nuclel werefirst prepared as previ-
oudy mentioned and upon which theTi stripping solu-
tion was gradually added in two stepsand for atotal
shaking timeof 2 hr. Chemically, the hydrolysisreac-
tion can berepresented by thefollowing reaction:
TiCl,+4H,0 - Ti(OH), + 4HCI

Asamatter of fact, the seed nuclel would promote
thehydrolysisreaction. i.e. the seed nuclei would pro-
videthe necessary siteupon which thetitanium hydrate
would precipitate. Theamount of seed nuclei used has
attained approximately 1.5t0 2.0% wi/w of thetitanium
to be hydrolyzed. Throughout the hydrolysisprocedure,
the seed suspension or the hydrolyzing mixtureisstirred
and maintained at boiling. The hydrolyzed precipitate
of titanium hydratewasthen filtered, washed and dried
before cal cination at 850°C inamufflefurnacefor 1 hr
to producethe puretitanium dioxide pigment. Thelat-
ter wasfound to be of adequately high degree of bright-
nessand friability. A representative portion of the prod-
uct has been subjected to the anaysis of someimpuri-
ties; namely Fe, Cr, V and MnusingAAStechnique
and was actualy found to be compl etely absent.

Finally, ageneralized flowsheet hasbeen designed
showing thedifferent unit operationsthat would be ap-
plied upon Rosettailmenitefor the production of pig-
ment grade TiO, (Figure3). By thisflowsheet, the TiO,
recovery hasattained about 93%.
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Figure3: Anintegrated flowsheet for the production of pigment gradetitanium dioxidefrom Rosetta ilmenite concentrate

CONCLUSON

Sdlective solvent extraction of Ti from Rosettail-
menite leach liquor by tri-octyl phosphine oxide
(TOPO) has successfully been achieved viaa prior
partial reduction of Ti. Torealizethisobjectiveit has
been found necessary to apply two reductivestepswhere
after thereductiveleaching of Ti, the obtained leach
liquor wasfurther reduced by adding adequate metallic
iron powder. Thelatter should be sufficient for reduc-
ingtheleached Fe* ironbesides partidly reduceafrac-
tion of theleached tetravalent Ti. The studied relevant
extraction factorshave been optimized; namdy theague-
ous phase acidity, the TOPO mol arity, the contact time,

thevolumeratio of octanol inthe organic phaseand the
A/Oratio. Also, therdevant stripping factorsof Ti from
theloaded tri-octyl phosphine oxide extractant using
HCI havebeen optimized. Thesefactorshaveinvolved
the HCl acid molarity, the contact time and the A/O
ratio aswell asthe number of repeated cycles.

The stripped Ti sol ution wasthen subjected to hy-
drolysisto obtain the insoluble titanium hydroxide
through the proper seeding technique. The precipitated
TiO, hydratewasfiltered, extensively washed and was
then dried before calcination at 850°C for 1 hr where
titaniumdioxide TiO, pigment gradewas obtained. The
latter was found to be of adequately high degree of
brightnessand frigbility. By andyssof someof theharm-
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ful impurities, the Fe, Mn, Crand V werefound to be
completely absent.
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