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ABSTRACT

The sulfate rout for the processing of Rosetta ilmenite concentrate for the preparation of pigment grade titanium
dioxideisstudied Theworking concentrateis assaying 39.89%TiO, whilethe FeO and Fe,O, assay 31.51 and 24.65%
respectively. After optimizing the digestion factors, the obtaind sulfate liquor was subjected to reduction followed
by crystallization of copperas (FeSO,.7H,0). To this point, the process is in the black stage. The solution of the
remaining titanyl sulfate is then subjected to Hydrolysis and the resultant solids are subjected to bleaching fol-
lowed by calcinationsto produce a product in which the TiO, percent exceeds 98%. The obtained, XRD pattern of

the latter has shown its anatase structure.

INTRODUCTION

Titaniumisrelatively abundant in theearth s crust
whereitsassay amountsto 0.44%. Itsminerd sareusu-
ally foundinigneous and metamorphicrocksand are
mainly represented by ilmenite (FeO-TiO,), rutile(TiO,)
andtitanomagnetite (Fe,TiO,-Fe,0,). Other mineras
includeanatase (TiO,) whichisformed onjoint planes
andinvensinschigsand gneissesaswel asleucoxene
whichisaweathered form ilmenite and assays up to
85%TiO,. limenite supplies about 91% of theworlds
demand for titanium mineralsand theworldsilmenite
production reached 5.19 million metrictonsin 20092,
World titanium sponge metal production reached
166.000 metric tonsin 2008(Gambogi, 2010). Tita-
nium mineralsarenot only found in hard rock but also
in beach sands, and their world reservesare attaining
about 1300 milliontons. Dueto the highly extensive
consumption of rutile, thereisno doubt that ilmeniteas
the most important titanium resourcewill continueto
dominatethetitaniumindustry inthefuture. A survey on
theuseof titaniuminitsvariousformsindicatethat a-
most 95% of itsuseisfor the production of white col -
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ored TiO, pigment which hasextensive applicationin
paints, plastic, paper and rubber besidesprinting inks,
cosmetics, soap and pharmaceutical industries.

Two main processes are used to manufacture pig-
ment grade TiO, and titaniummetdl; namely thesulphate
process and the chloride process. Thetwo processes
differinboththeir chemistry and raw materiasrequire-
ments®l. Because the chloride process has some ad-
vantages over thetraditional sulphate processin both
cost and waste management, however, inthe sulphate
process|ow — grade titanium raw materials are accept-
able. According to Harben (2002), thetwo routes can
be summarized asfollows. Thus, thesulfateroute, fine
grained ilmenite concentrate (minimum 44%TiO,) or
sulfatabletitaniumdag (78%TiO,) isdigested insulfu-
ric acid at 150-180 C and the digested cake is dis-
solvedin cold water followed by filtering the residual
ferroussulfate (FeSO,.7H,0). Thetitanyl sulfateinthe
filtrateisthen heated with stream at 95-110C in the
presence of TiO, seed crystalsto yield sulfuric acid
(waste/regenerated acid) together with 93—96% TiO,
asanintermediate product. Thelatter isthen washed,
treated and calcined at 800 — 1000 to produce ana-



194

Preparation of titanium dioxide anatase pigment from Rosetta ilmenite concentrate

CTAIJ, 10(5) 2015

Full Paper ==

taseor rutiletitanium dioxide (TiO,).

FeTiO, +5H,0+ 2H,S0,— TiOSO, + FeSO,.7H,0
TiOSO, +2H,0— TiO (OH),+H,SO,

TiO (OH),—>TiO,+H,0

On the other hand, in the chloride route, natural
rutile (94 — 98% TiO,) or synthetic rutile (92-95%
TiO,), anatase (90-95% TiO2), leucoxene (> 86%
TiO,) chlorinatabletitanium slag (80— 90% TiO,) to-
gether with oil cokeand chlorinearetreated influid
bed reactorsat 925 - 1000 to giveraw TiCl, (tickle)
mixed withareducing agent and distilled. Combustion
of the purified tickle with pure oxygen at 985 would
resultin anataseor rutiletitaniumdioxide.
2TiO,+3C +4Cl,»2C0O + CO, +2TiCl,
TiCl,+0,>TiO,+2Cl,

Asamatter of fact two main grades (crysta phases)
of TiO, pigment could be produced; viz rutile or ana-
tase. Rutilehasamore closely packed crystal structure
making it denser than anatase, withitshigher refractive
index (2.8 with anoptimum particlesizein organic binder
of 0.19um) and chemicd stability (outdoor paints, plas-
tics, printing ink, cosmetics). On the other hand, ana-
tase hasabluer tone (refractiveindex 2.55with an op-
timum particlesizein organic binder of 0.24um) andis
lessabrasive (indoor paints, paper, tixtilesrubber, soap
and pharmaceutical)

Rutile TiO, hasarel ative scattering ppwer of upto
800 whereasanatase Ti O, its 600, both of which com-
parefavorably with zinc sulfide (ZnS) at 360 and barite
at 25. Asapigment, titanium dioxideisindeed the pre-
mier whitepigment withahigh R.I. of 2.55—2.80 (pro-
vide good pacifying strength or hiding power) and
reflectivity (generatesbrightnessand whitenessor light-
ening power); inertnessand chemical stability (being
essentialy insolublein acids, bases, and other solvents
includingair pollutants); resistanceto UV degradation
(color retention); tinting strength; nontoxicity; thermal
stability over awiderangeof temperature; and afavor-
ableprice/ effect ratio (paper, paint, plastics, rubber,
ceramic, textilesand cosmetics).

AccordingtoHarjneand Call (1984), thetitanium
dioxideisgeneraly prepared commercially by hydro-
Iytic preci pitation from sol ution of titanium sulfate or
vapor phase oxidation of titanium tetrachloride. Nor-
mally, hydrolysisfrom sulfate solutionsyieldstheana:

CHEMICAL TECHNOLOGY

taseformand hydrolysisfrom chloride solutions (sul-
fate- free) yiddstherutileform. Thesenormal products
can bereversed in either case by special techniques
such ase.g. seeding with nuclei of theother form or by
addition of chemica additives.

Inrecent years, hydrometal lurgical processeshave
been devel oped wheredirect hydrochloric acid leach-
ing and sol vent extraction are used to produce pigment
grade TiO, of apurity exceeding 99.5% and titanium
metal through conventiond fused eectrolysig®2. Im-
proved sul phate processes have a so been devel oped
and become more and moreimportant dueto itslow
energy requirement compared to the conventional
thermo and el ectro chemical processes.

The present work is concerned with the direct
preparation of anatasegrade TiO, pigment from Rosetta
ilmenite concentrate using the sul phate process. Inthis
process, theore containing titanium isdissolved in sul-
furicacid, yiedingasolution of titanium, iron and other
metal sulfates. Then, through aseriesof stepsincluding
chemica reduction, purification, precipitation, washing
and calcination, pigmentary-sizeintermediate TiO, is
produced. The crystal structure, anatase or rutile, is
controlled by proper nucl egtion conditionsbesidesthose
of calcination. To realize this purpose, the provided
Rosettailmenite concentrate wasfirst subjected to di-
gestion using concentrated sulphuric acid under differ-
ent condtionsin order to determinetheir optimum val-
ues. Beforehydrolyzing thetitanyl sulfatesolution, proper
separation of ferrous sulfate (Copperas) was under-
taken.

EXPERIMENTAL

M aterial

A technologica sampleof Rosettabeachilmenite
concentrate was kindly provided by the Black Sands
Project of theNuclear Materid sAuthority (NMA). In
TABLE 1 thechemica composition of thisconcentrate
isshown(*4,

Presence of Fe,O, isdueto partial oxidation of the
FeOintheilmeniteminera theferric state besdespos-
siblesolid solution. On the other hand, it isinteresting
torefer to the presence of 0.42% Cr,O, and 0.21% of
V,0, which might be present asminor chromite and
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TABLE 1: Chemical composition of theworking Rosettail-
meniteconcentrate

—= Full Paper

TABLE 2: Effect of sulfuricacid/ilmeniteweight ratioupon
theefficiency of Rosettailmenitebreakdown

Oxides Wt.% H,SO4/Ilmenite Wt. Ratio  Breakdown efficiency, %
TiO, 39.89 1 35
FeO 3151 1.5/1 40
Fe, O3 24.65 211 47
MnO 135 2.5/1 55
Al,Os 0.88 3/1 57
MgO 0.61 TABLE 3: Effect of digestion temper atureupon theefficiency
Ca0 0.12 of Rosettailmenitebreakdown
SO, 0.30 5 —
Total 99.31 Temperature C Breakdown efficiency, %
150 55
vanadferoustitanomagnetiterespectively. 200 85
Experimental procedures 250 90
300 95

(a) llmenitedigestion

Severd dissolution experimentsof the providedil-
menite concentrate samplewas perfomed under differ-
ent conditionsin amanner to determinetheir optimum
conditions. Thustheeffectsof sulfuricacid/ ilmenite
ratio, digestion temperature and time have been stud-
ied. Intheseexperimentsthe oresizeused ranged from
(-100to +150 mesh). After digestion, theleaching il-
menite val uesweredissol ved by water during 1hr fol-
lowed by adding 35 kg/ton iron powder to reducethe
leached ferricirontotheferrousstate. Thesestepswere
then followed by filtration and washing for separation
of iron, the prepared sol ution was subj ected to evapo-
rationinamanner to crystallize FeSO, 7H,O by proper
cooling down -5C.

(b) TiO,hydrolysis

Anagueoussolution of titanyl sulphateafter sepa
ration of ferrous sulfate and containing the equiva ent of
250 gramsTiO, per liter and an acid to titanium weight
ratio of 1.8 was hydrolysed by water additionin pro-
portion of 20 partswater per 100 partsof titanyl sul-
fate solution at 90 over aperiod of 15 minutes. The
obtained durry wasthen maintained at atemperature
of 100 for about 3hr wherein order to attain complete
hydrolyss.

Analytical procedures
(&) Ti control analysis
For titanium control andysis, asuitablesamplevol-

TABLE 4 : Effect of digestion time upon the efficiency of
Rosettailmenite breakdown

Digestion time, hr Breakdown efficiency, %

1 30
2 62
3 90
4 95
5 98

ume, assaying not morethan 2ug Ti/ml, was mixed with
5ml of 2% tiron solution, 5ml of 0.05M EDTA solu-
tion, 10 ml of the buffer solution (pH 4.5) and 50 mg of
sodium dithionite. Each mixturewas shakenwell, com-
pleted upto asuitablevolumeand measured at A =430
nmwithin 15 mini*,

(b) Product analysis

A semi-quantitativeof ESEM andysiswasused for
identifiying thepurity of thefind product. Thefind prod-
uct pigment anatase was subjected to X-ray diffraction
anaysisto determineits pattern and crystal structure.
Alsofor thispurpose aPhilips PW-3710 with genera-
tor PW-1830, Cu target tube and Ni filter at KV and
30 mA.. Instrument of the Nuclear Material Authority
wasused.

RESULTSAND DISCUSSION

Optimization of thesulfateroutebreakdown fac-
tors
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Figure2: Hydrateof TiO2 after bleaching
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Figure3: XRD of TiO2 pigment product

(a) Effect of acid/ilmenitemassratio

To study theeffect of sulfuric acid/ ilmenitemass
ratio on the breakdown of Rosettailmenite concen-
trate, severa experimentswere performed usingratios
varyingfrom1:1,to 3:1ratioat 150 for acuringtimeof
3hrs. Thegrain size of theworking ilmenite concentrate
wasfixedindl experimentstorangefrom(-100to +150
mesh) in closed system. Theresultsfor the breakdown

efficiency of ilmenitewasdetermined by TiO andysis
inthe obtained solution after itsproper dissolutionin
water and filtration. From thesedataTABLE 2, it is
clearly evident that the dissol ution efficiency hasranged
from 35t057% by increasing theacid/ ilmeniteratio
from 1/1 to 3/1 resppectively. Theserdatively low effi-
ciencies are most probably dueto therelatively low
digestion temperature. Therefore, thework wasthen
oriented towardsincreasing the digestion temperature

CHEMICAL TECHNOLOGY
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for improving the breskdown efficiency.
(b) Effect of digestion temperature

Another series of digestion experiments upon
Rosettailmenite concentrate was performed at various
temperaturewasranging from 150to 300 usinganacid
amount/ ilmeniteweight ratio of 2.5/1 for adigestion
time3h. Inthese experiments, the oresizewasfixedin
therange from -100 to +150 mesh and the digestion
timewasfixed at 3hr. The obtained resultsshownin
TABLE 3 were found to range from 55 up to 95%
wherethedigestion temperature wasraised from 150
to 300 respectively. However, to avoid excessive en-
ergy consumption,250 was chosen asthe optimum di-
gestion temperaturewhichresulted in 90% dissolution
efficiency andtoinvestigate the effect of thedigestion
time
(c) Effect of digestion time

A third seriesof breakdown experimentswas per-
formed toinvestigate the effect of digestion timeupon
the breakdown efficiency of Rosettailmenite concen-
trate. Theapplied digestiontimewasvaried from only
1hr. to 5hr. In these experiments, the acid / ilmenite
welght ratiowasfixed a 2.5/ and the applied digestion
temperaturewasfixed at 250 . Theobtained digestion
efficiency of TiO, TABLE 4 wasfound torangefrom
only 30to 98 % respectively. Theresultsindicated that
themagnitudeof curingtimeof ilmenitebreakdownin
increasing theleaching efficiency of TiO, isquiterel-
evan.

Characteristicof the TiO2 product

For preparation of the TiO, product, a500g sample
portion of Rosettailmenite concentrate was properly
treated as previously mentioned. From theanalysis of
thereduced prepared solutionshownin TABLES, itis
clear that it assays 140g/l TiO, and 365¢/l FeSO,

Chemica Composition of thereduced Sulfate Solu-

Constituents Grams per liter
TiO, 140
FeSO, 360
H,SO, 340
H,SO4/TiO, 242
FeSO./TiO, 2.57
Specific gravity 1.6
——— CHEMICAL TECHNOLOGY
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tion of Rosettallmenite Concentrate

This solution wasthen subj ected to evaporation,
ferroussulfate crystallization. Thetitanyl sulfate solu-
tion left behind wasthen properly hydrolyzed accord-
ingtothe, following equation:

TiOSO, +2H,0— TiO (OH),+H,SO,

The precipitated titanium hydroxide was analyzed
before and after itsbleaching using ESEM technique
(Figuresland2). Itisfoundthat in (Figure 1) the per-
cent of iron assay 3.64% causes problemsin color and
quality wherethe high quaity of thetitanium pigment
must contains not more than 50 ppm of iron so the
bleaching technique using Zn powder to iminate any
co-precipitated iron followed by filtration and cal cina-
tions of the product to TiO, at 920 for 3hrs. The ob-
tained TiO, pigment product after anaysishavean as-
say exceeding 98% wasthen subjected to XRD analy-
sswhereitsanatase structureis confirmed.

CONCLUSION

The optimum factors of the sulfate route process-
ing of Rosettailmenite concentrate wasfound to in-
volveanacid/ ilmeniteweight ratio of 2.5/1 at 250 for
5hr. Theobtained titanyl sulfate solutionwas subjected
toferric reduction followed by concentration through
evaporation followed by copperas crystallization by
proper. After filtration of thelatter, thetitanyl sulfate
solution was subjected to hydrolysisby water addition
inthevolumetrictatio of 20 parts/ 100 partsat 95 for
3hr. Elimination of the co-hydrolyzed ironwasachieved
by proper bleaching processusing zinc powder. Chemi-
cd andysisof thepigment product after calcinationsat
925 hasresulted inthe pigment grade TiO2 of an assay
exceeding 98%. Thecrysta structure of the obtained
pigment was determined through XRD andysiswhere
itsanatase structure has been reveal ed. Amethod for
producing ahigh-quality titanium dioxide pigment hav-
ing the crystal structure of anatase Compared to the
thermo-chemical and el ectro-chemical processes, di-
rect hydrometallurgical leach processes are advanta-
geousin processing abundant ilmeniteores, low energy
consumption and produce sufficiently high quality of
anatase pigment TiO, productsfor awiderangeof ap-
plication and mg or demand themain drawbacks of the
conventional sulphate processesare the high consump-

tion of H,SO, and the production of large amount of
sulphate wastes and high cost for thetreatment. This
work has devel oped several improved sul phate pro-
cessesinvolving leaching strategies, bleaching step to
reduce chromophoresinto their solubleformsand re-
cyclingacid or reusingintreatment of CaCO,to CaSO,
incement industry.
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