Trade Science Ine.

ISSN : 0974 - 746X Volume 7 Issue 4

Inorganic CHEMISTRY

A Tndéian Yournal

— Pyl Paper

ICAIJ, 7(4), 2012 [158-165]

Reductive leaching of Rosetta ilmenite in sulfuric acid solutions

T.A.Lasheen?, R.EI-Sheikh? N.El-Hazek!, M.M.Goda!, Salah A.Zaki*
Nuclear M aterialsAuthority, P.O.Box 530 El M aadi, Cairo, (EGYPT)
ZFaculty of Science-Zagazig University, (EGY PT)

E-mail : salah.afify@yahoo.com
Received: 1% July, 2012 ; Accepted: 25" September, 2012

ABSTRACT

The sulfate route for digestion ilmenite ores has been applied upon Rosetta
concentrate, however, under a variety of modified conditions. Instead of
working in an almost solid state, it was found interesting to explore the
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possibility of working in afluid state by working in arelatively low solid/
liquid ratio of 1/5 to 1/4. In the meantime, the possibility of applying the
sulfate route upon mixed ilmenite/Ti slag was investigated; a matter which
would realizeadual benefit; namely increasing input TiO, assay and ensur-
ing better reduction. Inthiscase, the applied S/L ratio hasbeen varied from

1/8to 1/6. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

lImenitemineral (FeO.TiO, or TiFeO,) contains
about 40-65% TiO, depending onitsgeological his-
tory while its natural alteration product leucoxene
(Fe,0,.nTiO,) containsmorethan 65% TiO,. Nowa-
daysand after the excessivedepl etion of rutile minera
(TiO,), ilmenite has becomethe major ore mineral of
titanium whereit supplies about 91% of theworld's
demand for titanium mineral§*. In 2009, theworld’s
ilmenite production hasattained 5.19 millionmetrictons.
Besidesbeach sands, ilmenite can a so befoundin hard
rock deposits (asisthe casein Rosettaand Abu Ghalga
respectively in Egypt) and whereitsworld reservesare
quite extensivereaching up to 1300 milliontons.

Themost widdy used titanium product istitaniaor
titanium dioxide(TiO,) whichismostly used aspigment
or elseasfiller in paper, plasticsand rubber industries
and asflux inglassmanufacture. Only about 6% of the

world productionisused to produce metallic titanium.
Two princd pa methodsare commonly employedto pro-
duceTiO, pigment; namely thesulfateand thechloride
routes. According to Hamor (1986), the two routes
arequitedifferentin both their chemistry and there-
quired raw material. Thus, whilethechloriderouteis
advantageous regarding both cost and waste manage-
ment, it requires however ahigh-gradetitanium raw
material; viz, natura or synthetic rutileor elsetitanium
dag (>90%TiO,). Inother words, ilmeniteraw mate-
rial necessitatesaprior upgrading dueto the shortage
of natural rutile. Onthe contrary, the upgrading pro-
cessesaregeneraly expensiveasthey involve severa
steps of energy-sensitivethermo reductive conversion
besides apost-leaching step for removal of ironimpu-
rities. Inthisregard, it hasto beindicated that the chlo-
ride processisless expensiveto operate than the sul-
fate process at larger scales®. These factshaveren-
dered the necessity of gpplying the hydrometallurgical
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sulfate route and which wasfurther extended to apply
HCl leaching followed by solvent extraction’?.

Thesulfate processwasthefirst commercial pro-
cessfor themanufactureof titaniafrom titaniferousores
such asilmenite. It usesalower grade, cheaper raw
materialsand smpler technology involving prior crys-
talization of FeSO,.7H,O and directly followed by hy-
drolysisof titanium hydroxideresultsinaformof pig-
ment called anatase. The latter is preferred over the
pigment from the chloride processfor usein papers,
ceramicsand inks. However, the mgjor disadvantage
of thisrouteisthat it produceslarge quantities of waste
iron sulfate bes des consuming large quantitiesof sulfu-
ricacidi.e. higher product costsfor expensiveacidtredt-
ment than the chloride process. In addition, thediges-
tion reaction proceedsvery violently, emitting alarge
amount of SO, and H,SO, vapors, leading to many
environmenta problemg?.

Toavoidthedrawbacksresulting from conventiona
sulfate digestion process, numerousinvestigationshave
been carried out and innovative techniques devel oped
to improve the process>+4, |t was concluded that
dissolution of theoremateria with diluteacid solutions
can greatly reduce the emission of vgporsduring diges-
tionand dso reusesignificant amount of thedilutewaste
acid produced during hydrolyss. However, ilmenitedis-
solution wasfound to be very slow under such condi-
tiond!9. Recently, a process has been described for
reductivedissolutionof ilmenitein sulfuricacid solution
mediato accel erate the dissol ution processes®?. It in-
volvesdigestion of the ore materia in morethan one
leaching circuit.

The present work has studied the potential leach-
ability of Rosettailmenitein sulfuricacid under lessse-
vereconditionsto reducethe expensve production cost
of titaniapigment. Accordingly, adirect reductiveleach-
ing technique hasbeen chosenusingmetdliciron. Inthe
meantime, atria to process mixed ilmenite/Ti dag has
aso beentested toredizeadud benefit; namely increas-
ing the Ti assay of the input ore and to ensure better
reduction of Fe* iron phasesin theworkingilmenite.

EXPERIMENTAL

Materials
A technologica sampleof Rosettabeach ilmenite
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concentrate waskindly provided by the Black Sands
Project of the Nuclear Materid sAuthority (NMA) af-
ter proper physical upgrading. Mineralogicaly, there-
ceivedilmeniteconcentrateisonly dightly contaminated
with trace amounts of magnetic zircon, rutile or
leucoxene, chromiteand chrome-spinel. Thissample
has been chemically analyzed for both the magjor and
minor oxidesbeforeits process nginthe present work.

A titaniadag sampl e prepared from Rosettailmenite
by carbothermd reductioninandectricarcfurnacewas
also kindly provided from the Titanium Project of the
Nuclear Materiad sAuthority (NMA). Thissamplehas
also been chemically anayzed for both themajor and
minor oxidesbeforeits processinginthe present work.

Experimental procedure

Thedissol ution experimentswere performedin 250
ml conica flasksfitted with acondenser and stirrer. After
adding the required amounts of theilmenite concen-
trate sampleand sulfuric acid solutionthe metaliciron
powder asareductant was added after 15 minutesand
the obtained slurry was agitated at varioustempera-
turesat 350 rpm. At theend of each dissol ution experi-
ment in both working procedures of ilmenite or mixed
ilmenite/Ti dag, thedurry wasfiltered, washed with dis-
tilled water and the obtained filtrate was anal yzed for
titanium andiron to ca culatetheir dissolution efficien-
cies. However, inthefirst procedure of ilmenite, 30 g
sampleportionsof ilmeniteconcentrateinaS/L ratio of
1/5to /4 was used and after filtration of the obtained
durry and proper washing of theremaining solids, the
leach liquor was made up to avolume of 250 ml. On
theother hand, 10 g sampl e portionsof mixed ilmenite/
Ti slagwereprocessedinaS/L ratio of 1/8to 1/6 and
after filtration and proper washing, theleach liquor was
made up to avolumeof 350 ml.

Analytical procedures
(@) Material analysis

Theprovided ilmenite concentrate and thetitania
dag samplewerefirst andyzed after preparing their so-
lutionsthrough flamefus on using potassi um pyro-sul-
fate. Thefused masswasthen dissolved in hot concen-
trated H,SO, until obtaining aclear solution whichwas

then madetovolume. Titanium and total iron werethen
analyzed using colorimetric and titrimetric anal ytical
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methods respectively. The spectrophotometric deter-
mination of titanium was performed usingtiron asthe
complexing agent and measuring the obtai ned absor-
bance at 430 nm using Unicam UV 2-100. Total iron
wastitrimetricaly determined against EDTA using sul-
fosdlicylic acid asindicator whiletheferrous content
wasasotitrimetricaly analyzed against astandard po-
tassium dichromate solution. Both cal cium and magne-
sium havea so beentitrimetrically determined against
EDTA using EriochromeBlack T and murexideindica:
torg®3. Finally, the molybdate reagent in the presence
of tartaric acid has been used for the determination of
thesilicacontent at 640 nmwhileAlizarinered Swas
used for theAl,O, content at 475 nm. Analysisof the
mainthreetraceeementspresent (Mn, Crand V) was
performed by means of the atomic absorption tech-
nique using Unicam 969 Model at 279.5, 357.9 and
318.4 nmrespectively. TABLES 1 and 2 summarize
the obtained analytical resultsof theworking ilmenite
concentrateand the Ti dag samplerespectively. Inad-
dition, the X-ray diffraction pattern of Rosettatitania
slag has indicated that its main component is

(b) Control analysis

Inorder tofollow the experimenta work of leach-
ing efficienciesof Ti and Febesidestheir separation, al
the working sol utions have been subjected to colori-
metricandtitrimetricanalysisusngtironand EDTAre-

Spectively.
RESULTSAND DISCUSSION

Sulfaterouteof Rosettailmenitedigestion

(a) Effect of acid concentration

To study theeffect of H,SO, concentrationfor tita-
nium dissol ution under theworking S/L ratio of 1/4,
severa dissolution experimentswere performed using
acid concentrationsvaryingfrom 7.14t0 10.70 M. The
other dissolution parameterswerefixed at atempera-
tureof 120°C for 3 hreaction timeand usingilmenite
concentrate sample portionsground to-325 mesh size
besidesusingmetdlicironinaweight ratio of 10% of
theinput ilmenite asareductant. The expected reac-
tionscan berepresented asfollows:

pseudobrookite as shownin Figure 1. Thestoichio-  FeTiO, + 2H,S0,~FeSO,+ TiOSO, + 2H,0 @)
TABLE 1: Chemical compositionsof East Rosettailmeniteconcentrate
SiOg CaO A|203 M gO Cr,03 V5,05 MnO FeO Fe,0O3 Ti 0O, Oxide
0.75 0.44 0.90 0.80 0.29 0.18 1.15 28.50 2141 4401 Wt.%
TABLE 2: Chemical composition of thetitaniadag
SO, CaO Al,O3 M gO Cr,05 V505 MnO Fe(wlan TiO, Oxide
9.00 0.78 1.80 0.60 0.32 0.55 1.63 12.65 72.00 Wt.%
metric composition of thelatterisM O, whichrepre-  Fe,0,+3H,SO,»Fe(SO,),+3H,0 )
sentsthe solid solution of three componentsaswill be  F&,(S0,),+ Fe>3FeSO, 3

|ater shown.
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Figurel: X-ray diffraction pattern of titania dag of osetta
ilmenite (after L asheen, 2008)

From theobtained resultsshownin TABLE 3, itis

TABLE 3: Effect of acid concentration upon TiO, dissolution
efficiency (3 h, 120°C, S/L ratio 1/4 and10% metalliciron)

Acid Concentration,M 7.14 8.03 8.92 9.81 10.70
TiO, dissolution efficiency, % 66.3 81.4 90.0 88.2 86.8

clearly evident that thedissolution fficiency of TiO, is
directly proportiona tothe acid concentrationwhereat
8.92 M H,SO,, adissolution efficiency of upto 90%
wasrealized. Thelow dissolutionof TiO, at 7.14 M
might beduetotherdatively low acidity, whiletheob-
served low dissolution efficiency of TiO, beyond 8.92
M ismost probably due to possible precipitation of
TiOSO, (and FeSO),) at higher acidity! according to
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thefollowing reaction:

TiOSO, +2H,0»Ti0SO,.2H,0

It coversthesurfacelayer of ilmenitegrainsinamanner
toinhibit both H* and product diffusonandinturnits
further dissolution and early solidification occurs. In
addition, it might al so be possiblethat thisdecreasein
TiO, dissolution might be ascribed to theformation of
Ti,O,whichislesssolublein H,SO, thanthetetrava-
lent titani um speciesbes des preci pitation of titanyl sul-
fated. It isinteresting to mention here that the acid
amount required for dissolving ilmenite accordingto
reaction (1) attains1.29 gfor 1 gilmenitemineral. In
the present work, theremaining acid has been andyzed
in the leach liquor that has been obtained under the
optimum conditionsthat will belater mentioned. From
thelatter, the acid consumption has been found to at-
tain0.88gfor 1 g of theworking ilmenitesample. The
same obtained by Rocheet a® who havefound acon-
sumption of 0.89- 0.88g acidfor 1 gilmenite.

(b) Effect of time

Four dissol ution experimentsfor areactiontimepe-
riodsof 1to 3.25hwerecarried out at 120°C in pres-
ence of ametalliciron weight ratio of 10% to input
ilmeniteandusing8.92M H,SO, acidinaS/L ratio of
V4.

From the obtai ned results of titanium dissolution
summarized in TABLE 4, itisclear that for 1to 3 h

TABLE 4: Effect of timeupon TiO, dissolution efficiency
(8.92M H,SO,, 120°C, S/L ratio 1/4and10% metalliciron)

Time, h 1 2 3 3.25
79.1 861 90.0 90.2

TiO, dissolution efficiency, %

reactiontime, thedissolution efficiency of titaniumin-
creased from about 79 to 90%. Extending theleaching
timeto 3.25h, only adight increasein thedissolution
efficiency was obtained and therefore, only 3hwould
represent an optimum timefor obtaining 90%leaching
efficiency of titanium.

(c) Effect of S/L ratio

Workingwith 8.92M H,SO,, theeffect of SL ra-
tiowasstudied intherangeof solidtoliquidratio of 1/
3to 1/6whiletheother dissol ution conditionswerefixed
at atemperature of 120°C and areactiontimeof 3 h
besidesusing 10% metallicironrelativeto ilmenite
samples.

—= Fyll Poper
The obtained results (TABLE 5) indicate that the

TABLE 5: Effect of SL ratio upon TiO, dissolution effi-
ciency (8.92M H,SO,, 3h, 120°C and10% metalliciron)

SL Ratio Y3 14 15 16
TiO, dissolution efficiency, % 65.8 90.0 91.4 93.3

dissolution efficiency of TiO, isdirectly proportiona to
the decreasein the pulp density and in turn effective
availability of acid solutiontotheilmenitegrain surface.
So, at the S/L ratio of 1/3, thedissolved titaniumisonly
about 66% while decreasing the S/L to 1/4 and 1/5,
increased theavailableacid and inturnanincreasein
TiO, dissolution upto 90 and about 91% respectively.
Further decreasingthe SL ratioto 1/6 hasonly increased
theTi dissolution efficiency by about 2%i.e. 93% and
thereforeaS/L ratio of 1/4to 1/5would be considered
astheoptimumvalue.

(d) Effect of reductant amount

Usngasolid/liquidratio of 1/5andfixing thework-
ing conditions at an acid concentration of 8.92M at a
temperature of 120°C, another seriesof leaching ex-
periments have been madein whichtheadded metallic
iron ratio to theinput ilmenitewasvaried between 7
and 12%.

The obtained resultssummarizedin TABLE 6 re-

TABLE 6: Effect of reductant amount upon TiO, dissolution
efficiency (8.92M H,SO,, 3h, 120°C and S/L ratio 1/5)

Reductant,% 7 8 9 10 12
TiO, dissolution efficiency,% 83.8 86.5 89.0 91.4 87.0

ved theimportanceof incorporatingthemetalicironin
theleaching medium asareductant toincreasethedis-
solution rate of ilmeniteviareduction of the Fe* iron.
Thisisduetothefact that ferrousiron of the processed
ilmeniteispartialy oxidizedtoitstrivaent gatewhichis
much less soluble besidesthe presence of mixed or in-
ter-grown phasescontaining Fe* likethefollowingmin-
erd phases, namdy:
FeO.Fe,0,-Fe, TiO,: magnetite-ulvo-spingl series
Fe,0.. FeTiO,: hematite-ilmeniteseries
Fe,TiO—FeTi O, pseudobrookite series.
Incorporation of asuitablereductant likemetallic
ironwouldreducetherdetively refractory oxidized Fe*/
Ti phases. Accordingly, it wasfound that thedissol ution
efficiency of titanium has steadily increased from about
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84 to about 91% by increasing themetalicironratio
from 7 to 10%. However, further increasing thereduc-
tant beyond 10% hasledto adecreasein TiO, dissolu-
tion by about 4% dueto increased acid consumption
(asaresult of irondissolution).

To demonstratetheimportance of iron asareduc-
tantinimproving theleaching efficiency of titanium from
Rosetta ilmenite, some experiments have been per-
formed to determinetheoptimumironvaue. However,
the performed experimentd conditionsinvolved asul-
furicacid concentration of 7.14 M inaS/L ratio of 1/8
besidesworking at 90°C for 4 h. TiO, dissol ution effi-
cienciesof these experimentshave been asfollows:

Metalliciron / ilmenite, TiO, dissolution efficiency,

% %
0 46.6
5 50.9

7.5 69.1

10 81.2

Thereafter, at 15 and 20% iron ratio to the input
ilmenite, thedissol ution efficiency wasdecreasedto 74.0
and 70.8% respectively; amatter which might bedue
to excessive acid consumption by iron dissol ution.

(e) Effect of temperature

To study the effect of temperature, different reac-
tion temperatures ranging from 100 up to 140°C have
been applied whilefixing the other experimenta condi-
tionsat an acid concentration of 8.92 M for 3 hreac-
tiontimeinaS/L ratio of 1/5and using 10% metallic
iron.

Fromtheobtained results(TABLE 7), it wasfound

TABLE 7: Effect of temperatureupon TiO, dissolution effi-
ciency (8.92M H,SO,, 3h, SL ratio 1/5and 10% metallic
iron)

Temperature, °C 100 110 120 130 140
TiO, dissolution efficiency, % 72.6 82.4 91.4 85.3 78.5

that theextent of TiO, dissolutionincreasesasthetem-
peraturerisesfrom 100to 120°C. Thuswhilethe ob-
tained dissol ution efficiency was only about 73% at
100°C dueto thelower breakdown of ilmenite, it was
increased up to about 91% at 120°C. Onthe contrary,
increasi ng thetemperature beyond 120°C, the dissolu-
tion efficiency of titanium has adversely been affected,;
amatter which might be dueto premature hydrolysis®

according tothefollowing reaction:

TiOSO, +2H,0-»TiO(OH),+H,SO,

Thelatter would thusresult in theincreased viscosity
and to the varying degrees of solidification. Accord-
ingly, 120°C would be considered asthe optimum tem-
peraturefor dissolution of about 91% of titanium at the
mentioned conditions.

Sulfatedigestion routeof mixed Rosettailmenite/
Ti Slag

TheTi dagproduct of ilmeniteoreisessentially re-
quired toincreaseitsTi contentin amanner to be con-
venient for thechlorideroute. However, inthe present
work it wasthought toincreasethe Ti assay in Rosetta
ilmeniteviaitspartial smelting followed by application
of the sulfate route upon amixed raw ilmenite/Ti dag
product. Besidesincreased Ti assay, therewould beno
need to usean additive reductant during dissolution due
to presence of both remnant metalliciron and trivalent
titanium speciesintheTi slag. From the assay of the
workingilmeniteand Ti dag (TABLES 1 and 2 respec-
tively), theTi and metalliciron assay inthemixed raw
ilmenite/Ti dagindifferent ratioswould beasfollows:

Ti dagin ilmenite,% TiO,,% Metallic Fe*,%
0 44.0 37.0
5 45.4 35.8
10 46.8 34.6
15 48.2 334
20 49.6 32.2
25 51.0 31.0
30 52.4 29.8

*Fe,0, and FeO of ilmenite are calculated as total metallic
iron

(a) Effect of acid concentration

To study the effect of H,SO, concentration upon
the dissol ution efficiency of the working mixed 80%
ilmenite/ 20% Ti dlag ground to -325 mesh size, sev-
eral experimentswere performed using acid concen-
trationsvarying from5.35t0 12.49 M. Theother dis-
solution parameterswerefixedat aS/L ratioof 1/8a a
temperature of 120°C and for 4 h reactiontime. Under
theseconditions, themetdlicironwt. ratiointhework-
ing samplewould attain 2.5% (equivaent to 2g dag of
12.65%ironin 10 g mixedilmenite/Ti dag).

From theobtained resultsshown in TABLE 8, itis
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TABLE 8: Effect of acid concentration upon TiO, dissolu-
tion efficiency from mixed Rosettailmenite/ Ti dagin 20%
wt.ratio (4 h,120°C and S/L ratio 1/8)

Acid concentration Dissolution efficiency, %

Vol. % M Titanium dioxide Total iron
30 5.35 46.4 68.4
40 7.14 64.9 87.6
50 8.92 80.3 95.9
60 10.70 83.7 97.9
70 12.49 79.5 92.8

obviousthat thedissol ution efficiency of either TiO, or
total ironisdirectly proportiona totheacid concentra-
tion up to 10.70 M H,SO, where at this acidity the
dissolution efficiency of TiO, and total iron attained
about 84 and 98% respectively. Thereafter, the disso-
lution efficiency of both TiO, andiron hasdecreasedto
about 80 and 93%; amatter which can beinterpreted
asdueto possible precipitation of titanyl andiron sul-
fates besides possibleformation of Ti,O, whichisless
soluble as previously mentioned. Accordingly at the
higher acidity input of 12.49 M thediffusonwouldthus
be hindered and solidification of thereacting masswould
occur invarying degrees. Onthe other hand, thea most
completedissolution of ironat 10.7 M acidandinthe
presence of only 2.5% metallic iron could be dueto
effectivereduction of Fe,O, content of input ilmenite
by presence of both metalliciron aswell assomeTi in
theadded Ti daginitstrivaent state. Thelatter isdue
to thefact that the main component of thetitaniadagis
pseudobrookite (M,O,) and whichisasolid solution
of Fe*Ti 5" O,, Ti*Ti ¥ O, and Ti*Fe¥* O_end terms
implying theoccurrence of multiplevaenciesof Feand
Ti (Dondi et d, 2008).

(b) Effect of titaniadag/ilmeniteratio

Usngasolid/liquidratio of 1/8 and fixing thework-
ing conditionsat an acid concentration of 10.70M at a
temperature of 120°C, another seriesof leaching ex-
periments have been madein whichtheratio of thein-
put mixed ilmenite/Ti dag content wasvaried from 0%
to 30%.

Fromtheobtained results(TABLE 9), itisclearly
evident that the dissol ution efficiency of either TiO, or
tota ironisdirectly proportiona totitaniadag/ilmenite
ratio upto 10% wheretheobtained efficiencies attained

—= Fyll Poper

about 89 and 100% respectively. Itisclear that titania
slag playsanimportant role asareductant in spite of
the presenceof only 1.25% metdlicironintheworking
sample. Although increasing thetitanium dioxide con-
tent intheinput working material, presence of titania
dag beyond 10% intheinput orewould however lead
to adecreasein thedissolution efficiency of both TiO,
or total iron. It might be due to presence of greater
amount of inert compogitiontitaniadagand whichwould
requireworking in more severe conditions.

TABLE9: Effect of titaniaslag/ ilmeniteratioupon TiO,

dissolution efficiency (10.70M H,SO,, 4 h, 120°C and S/L
ratio 1/8)

Titaniadag/ Dissolution efficiency, %
ilmeniteratio wt. itani

% T(;?g)r:ilggn Total iron
nil 61.7 75.0
5 84.9 96.4
10 88.7 99.9
15 86.5 99.6
20 83.7 97.9
25 79.5 95.3
30 74.6 92.5

(c) Effect of S/L ratio

Working with 10.70 M H_SO,, the effect of S/L
ratio was studied intherange of 1/4to 1/8 whilethe
other dissolution conditionswerefixed at atempera
tureof 120°C and areactiontimeof 4 h besidesusing
iImenite samplesmixed with 10%titaniadag.

TABLE 10: Effect of S/L ratio upon TiO, dissolution effi-
ciency (10.70M H,SO,, 4h, 120°C and 10% titania slag)

Dissolution efficiency, %

SL ratio — — X
Titanium dioxide Total iron

14 65.1 84.4

1/5 771 934

1/6 87.8 99.3

U7 88.0 99.8

1/8 88.7 99.9

Theobtainedresultsaresummarizedin TABLE 10
and indicatethat thedissolution efficiency of both TiO,
andtota ironisdirectly proportiona tothe decreasein
the pulp density. At the S/L ratio of 1/4, the dissolved
TiO, and total Feattained about 65 and 84% respec-
tively and whichwasincreased to about 88 and 99% at
the S/L ratio 1/6. Thereafter only dight increaseinthe
dissol ution efficiency of both was obtained.
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(d) Effect of temperature

Using10%wt. ratio Ti daginilmeniteandfixing the
S/L ratioat 1/6, severa dissolution experimentswere
performed a reaction temperaturesranging from 90 up
to 160°C whilethe other working experimenta condi-
tionsinvolved an acid concentration of 10.70M for 4 h
reactiontime.

Fromtheobtained data(TABLE 11), it wasfound
that TiO, dissolutionincreasesasthetemperaturerises

TABLE 11: Effect of temperatureupon TiO, dissolution
efficiency (10.70 M H,SO,, 4 h, S/L ratio 1/6 and 10%
titaniadag)

Dissolution efficiency, %

Temperature, °C

Titanium dioxide Total iron
90 66.5 78.3
100 75.4 88.5
120 87.8 99.3
130 92.2 99.4
140 97.1 99.7
150 89.7 95.1
160 84.0 90.7

from 90 to 140°C. Only about 67% of TiO, together
with about 78% of total iron have been obtained at
90°C. It increased up to about 92 and 97% titanium
dissolution withamost completetotal ironleaching at
130 and 140°C respectively. However, increasing the
temperatureto 150 and 160°C, thedissolution efficiency
of both TiO, and total iron has adversely been affected
to about 90 and 84% with respect to titanium and to
about 95 and 91 with respect toiron respectively. This
decreasein dissolution efficienciesisrelated to pos-
sible premature hydrolysis of titanyl sulfate as previ-
ously mentioned in amanner to obtain an increased
degreeof solidificationthat would inhibit diffusion.

CONCLUSION

Two modified procedures of the sulfatedigestion
route have been applied upon Rosettailmenite. Apply-
ingasolid/liquidratio of 1/5, it wasfound that the opti-
mum conditionsrequiredtoreaize 91.4%TiO, disso-
lution efficiency involveusingaH, SO, acid concentra-
tionof 8.92M at 120°C for 3hand using 10% metallic
iron addition and grinding theilmenite sampleto-325
mesh size. Under these conditions, theobtained Ti and
acid concentrationswould attain 28.95 g/l and 419.0

o/l respectively. Applying the sulfate routeto amixed
Rosettailmenite/Ti dag, it waspossibletoredizeupto
97.1%TiO, dissolution efficiency usngH,SO, acid con-
centration of 10.7M at 140°C for 4 h. Under these
conditions, the obtained Ti concentration assays 7.79
¢/l and 156.8 ¢/l acid concentration. The process of the
present work hasasignificant advantage in terms of
reducing thedisposal problemsof wasteacid solutions
whereas recycled spent acid can be used and accel er-
atingtherateof leaching orematerial. In addition, the
use of areducinginthe digestion step eliminatesthe
prior artsfor aseparate and independent reduction step
following digestion step.
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