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ABSTRACT

The present work reviews the work of different scientists for the preparation of strontium oxide from celetite by
different processes. Celestite being natural ore of strontium is treated to obtain strontium oxide. The study shows
that strontium oxide can be prepared by strontium metal powder or by celestite. Strontium oxide is prepared by
heating strontium carbonate obtained from celestite with carbon(charcoal) in a resistence-heating furnace at high
temperature(1400°C). The conversion consists of multi step preparation. The final product characterization with
respect to different analytical tools(physical & chemical) is necessary to get the product of desired level of puritiy.
Many processes have been devel oped to remove the undesired impurities generally associated with the celestite ore
by a number of researchers. The preparation of SrO by different methods, its advantage over other processes and
utilization of by products are described. The drawback associated with all these processes are for existence of
different level of impurities. The removal of impurities requires consumption of lot of chemicals, energy etc. that
makesthe product costly. Inthisreview article attempt has been made to compare each process by categorizing them
specifically. The process developed till date has been compared in terms of utilization of by product environment,
energy associated with each process and the most importantly the economical part of the developed process.
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INTRODUCTION

Strontiumwasfirg detected intheminerd srontianite
(SrCO,, namedin 1791) foundin lead minea the place
Strontian, located on the shores of Loch Sunart,
Argyllshire, and Scortland. It appearsthat it wasknown
since 1764, but could not be recognized at that time.
Scrimshank(1787), Crawford(1790), Hope(1791),
Klaproth(1793), Kirwan(1794) and Davy(1808) are
the names of chemistswho were credited for thedis-
covery of strontium. William Cruikshank had donethe
earliest chemicd work in 1787 followed by Irish physi-
cianAdair Crawfordin 1790. They concludedthatitis
anew earthmateria. In 1793 Martin Heinrich Klagproth

published apaper describing aseriesof parale experi-
mentsmadewith srontianiteand witherite (Barium car-
bonate). In 1794 he prepared strontium oxideand stron-
tium hydroxide. In 1793 Thomas Hoop, Professor of
chemistry, Edinburgh University conducted aseries of
experiments and showed that it contained a‘“hitherto
unknown kind of earth”. He called the mineral
strontianite and the new compound was named after
the names of mine“Strontia”. During 1807-1808 Sir
Humphy Davy managed to isolate the unknown metal
strontium from strontianite™.

Strontiumhastwo minerds, which arefound worl d-
wide. The first is celestite(SrSO,) and second is
strontianite(SrCO,). Theeconomicimportanceof cel-



202

Preparation of strontium oxide from celestite

MSAIJ, 3(4) December2007

Review

estiteisconsiderably greater than that of strontianite.
Since celestiteisabundantly availablein most part of
world, whichismain source of strontium compounds,
theextraction of strontium fromit hasitsownimpor-
tance. Celestitegenerally occursin sedimentary rocks
such asbedded deposits of gypsum and halite. Celes-
tite ores are obtained by open cast and underground
mining. Many important deposits cannot be mined be-
causeof unacceptably highleve of barium depostdong
with specific trace e ements>S. Themajor producers
of celestiteare Mexico and Spain but largest exporter
isSpan. InIndiaceestiteisfoundin Trichirrapali dis-
trict and surrounding areaof Tamil Nadu. Thelndian
cel estite contains 75-80% stronti um sul phate’®l.

Between 1870 and 1920 strontianitewasthe prin-
ciplestarting materid for the production of strontium
compound. Now it has been compl etely replaced by
celedtiteduetoitswide spread avail abilities. Strontium
compound like strontium carbonate, strontium oxide,
strontium nitrate, strontium hydroxideetc. are produced
from cdestite”). Figure 1 showstheapplication of stron-
tium compound in the different areas. Themagjor uses
aretdevisgonindugtries, pyrotechnicsand ferriteindus-
triesrespectively. Theworl dwide production of celes-
titehasbeen giveninfigure2. It appearsfromthe chart
that Mexicowasthelargest producer of celestitedur-
ingtheyear 1993-1997 with anincreasing order of pro-
duction. Thesecond largest producer inthisperiod was
Spain with adecreasing productionintheyear 1997.
FHgure 3 showsthecd edtite productionworldwideduring
year 2001 to 2006. Spain leads in the production of
celegtitein thisperiod followed by China.

Itisclear from TABLE 2that strontium carbonate
occupies mg or share as compared to other strontium
compounds. Strontium oxide hasthelowest demandin
comparison to other strontium compound.

Physical propertiesof celestite

TABLE 1: General physical property of celegtite
Solubility Melting

Formula D?gr?]tgy g/100ml point st(ia/:?uarle Appear ance
9 at20°C °c

SO, 39 00113 1580  Orthorhombic Yolowto

faint blue

Crystallography of celestite
Crystal System: Orthorhombic; Class (H-M):
mmm(2lm2lm2imy)- Dipyramida; Space group: Pnma(
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Figure2: Worldwideproduction of celestite (Mt) (year
1993-1997)

TABLE 2: Total importsby U.SA from different country qty.

in Mt. and valuesin U.Sdoallar sduring year (2004-2005)

Strontium 2004 2005
compound Qty. Value Qty. Value
(M) US$ (Mt) USS$
Celestite 6290 332000 1820 98400
Strontium carbonate 23600 8430000 1700 6930
Strontiummetal 217 1070000 770 2210000
Strontium nitrate 527 798000 714 637000
Strontium oxide, 98 75600 869 37700

hydroxide, peroxide
P2,In2 Im2 |a); Cell Parameter: a=8.359 A, b=5.352
A, c=6.866 A; Ratio: a :b:c=1.562 : 1 :1.2383; Unit
Cdl Volume: V 307.17 A¥(derived fromunit cell); Z= 4

Market trendsof strontium compounds

Theworld-leading producer of strontium carbon-
ateisChina. It hasthe production capacity of 200,000
ton per year. The second and third major producers
areMexico and Germany with plant capacity 127,000
and 70,000 tons per year. Chinauses mostly its do-
mestic celestiteto supply their strontium carbonate pro-
ducing plants. Onthe contrary German producersim-
port celestite. The Mexican producers use domestic
celestiteoreto their plants. Themajor market for Chi-
nese strontium carbonateisAsiaand Europe?.

Watariosy Stience  mm—.
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Thedemand for strontium carbonatefor televison
faceplatein glassindustriesisgreater, but appearsto
bein decreasing trend owing to the growing popul arity
of flat panel televison monitors. During last fiveyears
domestic consumption of strontium carbonatein U.S.A
has decreased substantially dueto closureof televison
glassplantin U.S.A. China Europe, and NorthAmerica
arethemost important marketsfor televisonindustries.
Southeast Asiaand Latin Americahavehigher growth
rate potentialy representing huge market for televison
manufacturers and thus strontium carbonate indus-
tried*. Now-a-days new technol ogy hasemerged for
preparation of television and computer display such as
LCD. Thisnew technology may severally reducethe
strontium carbonate demand and at thispoint strontium
producers could experienceamajor set back. InIndia
the present demand for different strontium compound
isaround 1500 tonesper annum. Thedemandislargely
met by import. Thegrowth ratein demand isapproxi-
mately 7 to 8%,

Application of strontium oxide

Presently strontium oxideisusedinfrit form below
1100°C. Above thistemperature it can be used as a
glazeflux. Strontium oxide has been used assubstitute
for lead oxidein glazesusing smaler anountssinceit
hasnotoxicity ascompared to lead. Strontium oxide
developsvivid colorssmilarly tolead. Strontium oxide
when added in smdl amount improvesthehigh viscous
highfirezirconiumglazes. Thecompound SfO exhibits
different coloursresponseto copper and cobalt. SrO
isdightly morepowerful fluxingcompound duetoits
lower expans on. Even though SrO hasvery high melt-
ingtemperatureit iseffectivein combination with other
fluxesat lower temperatureand thisgivesgood example
of mixed oxideeffect. Strontium oxideishighly ther-
mally stablecompound. It findsapplicationin glass, optic
and ceramicindustries. It isemerging asapromising
material for e ectronic materialsand intheproduction
of lightweight structured component for aerospace. In
electrochemical application such asfuel cdlls, itisaso
being used in glassas sealant. SrO isused for the ex-
traction of strontium meta from electrolysisof itsfused
sdt. Themgjor useof strontium carbonate as strontium
oxideisinproduction of television picturetubeglass. It
ispresentinglassat 12-14% on astrontium oxide ba-

> Review

sisand works as an X - ray absorber™. Strontium car-
bonateisan effective X-ray barrier because strontium
hasalargeatomicradiusandits presenceisrequiredin
therdatively high voltagetdevison setsusedin USA
and Japan. Strontium carbonate when added to specid
glases, glassfritsand ceramic glazes, increasesthefiring
range, lowersacid sol ubility and reducespin holing phe-
nomenon. Strontium oxideisused to prepare strontium
hydroxide, whichisused asthe source materid for the
production of strontium peroxide. Permanent ceramic
magnety(asstrontiumferrite) areancther end usefor tron-
tium compound. Thesemagnetsareused extengvely in
smdll direct current motorsfor automobileswindshield
wipers, loudspeskers, magnetically attached decorative
items, toys, and other el ectronic equipment. Strontium
compoundisused toremoveleadimpuritiesduringthe
electrolytic production of Zinc>2,

Dueto porousnature of strontium oxideit may be
used asthermal insulators, automotive catal ytic con-
verters, converters, chemical cataysts, heat exchang-
ergd?Y. Recently Tsunetake Seki used strontium oxide
ascatalyst for the Tishchenco reaction of furfura and
reported that SrO exhibitshigh reactivitiesfor thechal-
lenging Tishchencoreaction of furfurd®,

Physical propertiesof SrO
TABLE 3: General physical property of strontium oxide

Solubility Melting Boiling o\,

Formula ~ 3 ¢/100ml  point point Appear ance
sity g/cm 220°C oc oc structure
38 White
SO 5.7 ’ 2530 3000 cubic crydalline
solid

Chemical properties

Strontium oxideisporouswhite, hygroscopic pow-
der solubleinwater, when exposed toair it formsstron-
tium carbonate. Strontium oxideisusedin pyrotech-
nics, medicineand for preparing strontium hydroxide
and pigments. Strontium reectswith hydrogenand forms
SrH, compound at temperature of 300-400°C. It re-
actswithH,0, O, N, F, Sand halogensto producethe
expected compounds corresponding to itsvalence(+2).
Strontium and the a kaline earth metal arelessactive
thanthedkdinemetdsbut dl arestrong reducing agents.

Preparationsof SrO from different processes

Though SrO can be prepared from Sr metal but
the processis not economical. However, for certain

e, P aterioly Seience
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applicationsitisprepared by reacting pure metd, with
CO,. Thereaction associated with theprocessis
5Sr(s) +2C0O,(g)=SrC(s)+4 SrO(9)

Sincetheabovereection givesSrOdongwith S'C
itisvery difficult to separate SO from themixture. Apart
from thisseparationisnot economical. Moreover, the
darting materid isstrontium metd powder, whichisvery
expensive’,

When strontium powder isheated inair at higher
temperature strontium oxide(SrO) and strontium
nitride(Sr,N.,) isformed. Thereactioninvolvedinthis
process can bewritten as;
2Sr(9)+0,(g) = 2SrO(9)
3Sr(9)+N,(9)=Sr;N,(9)

Since separation of SO from themixture of stron-
tium oxideand strontium nitrideisnot easy so itspro-
cessing isless preferred. This process also requires
strontium meta powder, whichiscostly raw materid®.

From celestite

Theconversion of celestiteto strontium oxide has
been categorizedinto four categories. Accordingto U.S
Bureau of minesreport (1959) themost common pro-
cessto convert celestiteto strontium carbonateissoda
ash processand ca cining process, whichisa so known
asblack ash process. Asper thereport sodaash pro-
cessissimpler. However, thisprocessgivesthe prod-
uct of lower grade. Thecalcining or black ash method
produces strontium carbonate of chemical grade, which
has minimum 98% purity, where assodalime process
only producestechnicd grade strontium carbonate(95%
pure). Although the sodaash method issimpleprocess
the lower grade product causes it to less preferred
method of recovery. The chemica products corporate
usesonly black ash processfor the production of car-
bonatefrom celestited®.

Black ash method

Intheyear 1972 Pedak et al .*% conducted the re-
duction of celestiteby using hydrogen and amixture of
hydrogen and carbon monoxide at high temperature.
This process hasmain disadvantage that thereisacon-
sumption of large amount of gaseousreductantslike
H,, COetc. Gritiset al. inthe year 1985.%% replaced
the gaseous reducing material through solid reducing
agent. He performed the experiment with solid reduc-
tant i.e. carbon to overcome the excess consumption

Wotoioly Science  mm—
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Figure 4: Flow sheet of different processesfor the con-
version of celestiteto strontium oxide®!

of reducing gaseslike CO H, etc. Theexperiment was
done by using celestite and carbon (stoichiometic
amount) in arotary kiln at atemperature of 600°Cto
700°C at the loading zone and 1200°C to 1300°C at
discharging zone. Thisprocess hasalso thedisadvan-
tage of consumption of higher eectrical energy sinceit
requires higher temperature. Plewain the year 1989
studied thekinetics of strontium sulphatewith carbon
monoxide?. Till thisdatetherewasno dataavailable
regarding kineticsof thereduction reaction of celestite
with carbon. Inthisexperiment it wasfound that water
insoluble SrSasoformsin considerableamount, which
hamperstheformation of water soluble SrS. To over-
comeabove mentioned drawbacks Sonawaneet d. in
theyear 20002" showed that conversion temperature
of celedtiteinto strontium carbonate can bereduced by
activated charcoal in presence of somecatayst. Car-
bonimpregnated with various catalystssuch asK ,CO,,
Na,CO, K,Cr,0,, NaCr,O, and lime were investi-
gatedinthisexperiment. Themolar ratio of activechar-
coal with respect to celestite wasfixed between 1 to
2.5. Hefound asubstantia decreasein conversiontem-
peraturefrom 1200 to 875°C. The temperature of the
conversion reaction was kept 800°C to 875°C with a
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variation of timeperiod from 5 to 90 minutes. Most of
the experiments were conducted in inert atmosphere
by employing adow flow of nitrogen gas. Theparticle
size of the celestite and active charcoal waskept less
than 105 um in his experiment. The result indicates that
conversion efficiency isbetter at themoleratio (char-
codl/celedtite) 2.5. Theextent of conversionincreases
with temperature from 800°C to 875°C, but therewas
not much of anincrease at 1000°C. Thekinetic study
showsthat thereisdefinite enhancement inthecelestite
reduction rate when active charcoal with 2% of acata-
lyst which has been confirmed by K cat/K nocat values
at three common temperature 825°C, 850°C and
875°C. It consists of less time and uses less energy
through out the process. Thisstudy indicated that lot of
time and energy can be saved as the reaction takes
place at lower temperature as compared to without
catalyst’?”). Theformed SrSisthen converted to stron-
tium carbonate either by sodium carbonate or anmo-
nium carbonate. The strontium oxideisprepared from
the produced styrontium carbonate by heating with car-
bon at 1400°C37,

Wen Cheninthe year 200012 studied the reduc-
tion of celetiteinto strontium sulphideand precipitated
strontium carbonate from strontium sulphide by Black
ash method. The appropriate amount of celestite ore
from Lanping was collected for thisexperiment. The
cel estite containes approx. SrSO, 75%, Ba0 0.88%,
Ca0 1.88%, Al,0O, 0.46%, MgO 0.6%. Three grades
of coalslike brown coal, bituminous coal and coke
powder were used as reducing agentsin this experi-
ment. Theappropriate quantity of celestitewith coal
was mixed properly and heated at 1000°C for three
hours. Brown coa wasreported asthe best reductant.
To remove Baas BaSO,, six to ten times excess of
sul phuric acid was added for longer duration of reac-
tiontime. Theresult showsthat around 92% of Ba*
was eliminated from SrCl,, solution after 12 hours of
reaction time. To remove calcium, magnesium and fer-
ricionsthe pH of thesolution wasincreased to 12 to
hydrolyze the aboveions completely. The strontium
carbonate was preci pitated by ammonium carbonate
by 2 moleg/l at apH 9-11 at temperature 60°C. The
strontium carbonate may be used for the preparation of
grontium oxide. Thefigure5 showsthe schematic flow
sheet for the production of strontium oxidefrom celes-

-
Praparation of
walphur

Figure5: Schematicflow sheet of production of strontium
oxidefrom celestite by black ash method®

tite
Direct decomposition method

In the year 1983 Patent [No. - 4,421,729] de-
scribesthe processto prepare strontium carbonate from
celestite. Inthis process strontium carbonate was pre-
pared by thereaction of strontium nitratewith CO,in
aqueous medium. This processhastwo-stagereaction.
Thefirst reaction consists of strontium carbonate pre-
ci pitation by carbonizationwith CO, in an agueous so-
lution of strontium nitrate. The second reactionincludes
neutraization of aqueousnitric acid formed during first
reaction. Theneutralizationisdoneby addition of lime.
Calciumnitrate, aby-product isformed during thisre-
action. It was claimed that when Ca/Sr ratio is kept
withintheselimit carbon dioxidereact with grontiumto
form strontium carbonate. Calcium carbonate does not
form as long as the carbon dioxide is not in excess
amount. Thedesired rangeof Ca/Sr molar ratioismain-
tained by adding sufficent amount of limeand nitricacid.
Thereaction contai ning precipitation of strontium car-
bonate and neutraization of nitric acidisconducted at
lower temperature lessthan 50°C preferably between
10°C to 30°C. Thecontrolled moleratio of Ca/Sr and
lower reaction temperature favorsthe strontium car-
bonate preci pitation and stopstheformation of cacium
carbonate. Since at |ower temperature strontium car-
bonateismuch less sol ublethan calcium carbonateand
therefore precipitation of strontium carbonate occurs.

— P plericly Science
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On the other hand calcium carbonate solubility isin-
creased a lower temperaturethusminimizing the chance
to co-precipitate cal cium carbonate along with stron-
tium carbonate. ThepH of the solution medium main-
tained below 6 more preferably between 4.5t06. The
pH control of the solutionismaintained by adjustingthe
rate of addition of lime. Thelimemay beaddedinthe
form of CaO or Ca(OH), and thelimeslurry should
contain minimum 5-30% Ca0. Thereactiontimeof 25
minutesto 60 minutesissufficient for thelargecrysta
of strontium carbonate. Theobtained strontium carbon-
ateafter filtration hasbeen washed toremoveany soluble
strontium and cal cium nitrate. Thewashed strontium
carbonateisdriedinoven. Thepurity of thestrontium
carbonate reported in this patent is around 90%. To
purify further strontium carbonate may bedissolvedin
hydrochloric acid to form strontium chloridein soluble
condition. Thefiltration of thissolutionwill removeany
insolubleresidue. Thestrontium chloride may bepre-
cipitated with sodium carbonate/ammonium carbonate
solutionto give purestrontium carbonate®. Thedried
strontium carbonate may becacinedinan el ectricfur-
nace at atemperature of 1400°C for specifictimede-
pending on the amount of the sample taken for the
preparation of strontium oxide.

Intheyear 1987 an U.S Patent [No0.-4,666,688]
clamsanove method for the preparation of strontium
carbonate from low and medium grade celestite ore.
The processconsistsof leaching of celestitewith min-
eral acidslike HCI, HNO, etc. to removeimpurities
such as Ca, Mg, Baand iron. After that the residue
contai ning strontium sul phateistreated with ammonium
carbonate sol ution to produceinsol uble strontium car-
bonate. A doubledecomposition method wasemployed
for getting strontium carbonate of high purity. Thedif-
ference with earlier processes and thisprocessisthe
use of ammonium carbonate in place of sodium car-
bonate. Thispatent claimsthat |ow to medium grade
cel etite contai ning up to 80% of strontium sulphate may
be converted to strontium carbonate having high purity.
Thecelestite oreis crushed or pulverizedin order to
provide adequate surface areato complete the reac-
tion (1-50um). Thefinecelestiteistreated with 10to
12 % hydrochloric acid. Thistreatment removes most
of theextraneousimpurities such as cal cium, magne-
sium, bariumand other carbonates by converting them

Woateriolsy Science  mmm——

into solublechloride, which remainsinthe solution leav-
ing strontium sul phateasinsolubleresidue. Thewashed
strontium sul phateistrested with ammonium carbonate
solution addedindight excesstothestoichiometricvaue
of strontium sulphate present in the celestite oreat a
temperature 60-80°C. Thetreatment converts stron-
tium sul phate into strontium carbonate. The sulphate
present in strontium sul phate is converted to ammo-
nium sulphate as a by-product, whichremainsin the
solution in solubleform. The excessammonium car-
bonate sol ution and the ammonium sul phateis sepa-
rated from theresiduethroughfiltration or by other sepa-
ration techniques. The strontium carbonate produced
inthis processiswashed with water. This strontium
carbonate al so containsimpuritieslikesilicates, clays
and residua ironaong with barium compound. Inor-
der to extract the strontium carbonatefrom thisresidue
itistreated with hydrochloric acid (18%) onceagain.
Asaresult the strontium carbonate dissolves and re-
mainsin solubleform asstrontium chloride. Thesolu-
tionisfiltered to removetheinsolubleresidue. If the
acid solution iscontaminated with any impuritieslike
iron or barium, the pH of the solutionisincreased to 9.
Theironhydrolyseswhich remainsinsolubleandit may
be separated by filtration. In order to remove barium
thefiltered solutionisneutralized with dilute hydrochlo-
ricacid. Thissolutionistreated with potassumdichro-
mateto convert the bariuminto insol uble barium chro-
mate, which can be separated by filteration. The stron-
tium chloride solution free from iron and barium is
treated with aqueous sol ution of ammonium carbonate
until precipitation of strontium carbonate occurs. The
insol uble carbonate produced isfiltered from the solu-
tion and washed with water. The produced strontium
carbonatein thisprocess containsapurity of morethan
99%!%, The strontium oxide may be prepared from
the strontium carbonate by heating with carbon at
1400°C. Thestrontium oxide produced fromthisstron-
tium carbonatewill essentialy of high purityi.e. 99%or
more.

In year 2000 an U.S Patent [N0.-6,159,436] has
reported inwhich arr/vapor-lift loop reactor isemployed
to carry out thisreaction. Thisproject was examined
for carbonaterich celestite orefor the celestite conver-
sion. Theacidwash stageiscarried out in amechani-
caly or pneumatically agitated tank with hydrochloric
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acid. Thecdegtitebed ow 70umwasused for acid leach-
ing. If pneumatically agitationin airlift loop reactor is
used, pul ps containing up to 60% solids by weight can
beeasily handled. Under this condition dissol ution of
carboneous and ferrous gangue, mainly calcite, dolo-
mite, magnetite, andiron oxidedongwith hydroxideis
completed in short period of time. After theacid wash
the upgraded concentrate i s separated from the solu-
tion by sedimentation or by other separation technique.
Theliquor istransferred to an evaporator for recover-
ingacaciumchloriderich solid. Thestrontium sulphate
enriched concentrateiswashed with fresh water be-
forebeing fed to air/vapour-lift loop reactor for con-
versionto strontium carbonate using asodium carbon-
ate agueous medium. Thus, an almost complete con-
version of thestrontium sul phateisachieved according
to patent claimf®Y,

Intheyear 1996 CostillgjosE.et d . hasconducted
experimentsfor conversion of cel estiteinto strontium
carbonate by double decomposition method in aque-
ousmedia Thestudy includeseffect of different vari-
ableslikedtirring speed, particlesizeand concentration
of Na,CO, onthereactionrate. Inthisexperiment cel-
estite powder was alowed to react with sodium car-
bonatein different molar ratioi.e. 1.0,1.1,1.2, 1.5at
different temperaturesranging from 25°C to 75°C for
different time. The compl ete conversion of strontium
carbonate strongly depends on the pH of the solution.
ThepH of solution should belower than 9. It dso shows
that acid leaching with HCI/HNO, upgradesthe per-
centage of SrSO,. Experimentswere also conducted
tofind theeffect of stirring speed of the solutiononthe
rateof reactions. The observation showsthat at stirring
speed of 550 rpm therewas higher the conversion rate
which wasindependent of intensity of mixing. How-
ever, at 150 and 200rpm thereaction rate appeared to
belimiting. Effect of particlesizeof celestiteonitscon-
version shows that with reduced particle size from
275umto 58um therate of conversion of celestitewas
increased. Inthisstudy different processing parameters
were optimized to get larger amount of strontium car-
bonatefrom cdestite. Strontium oxide may be obtained
by cd cinationsof strontium carbonate with carbon ob-
tained from this process at elevated temperature
(1400°C). Theflow diagram of the processisshownin
figure6.
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Figure6: Schematicflow diagram of double decomposi-
tion processfor preparation of strontium oxidefrom cel-
estitel®

In the year 2004 in another experiment Suarez-
Ordunaet a.*. made another experiment for the con-
verson of celestite minera to strontianiteunder hydro-
therma condition. Inthisexperiment asinglecrystal of
celestitewasinvestigated under alkaine hydrothermal
condition. Singlecrystal of mineral celestitewastaken
from Coahulia, Mexicoand wascut pardld tothecleav-
age(001) direction with 20mm width and 3mm thick-
ness. A celestitecrystal approx. 5gm. wasplaced at the
bottom of aTeflonlined stainlesssted vessd withinner
volumeof 27 ml and thentheNa,CO, and K,CO, was
added to get three different CO, %/ SO, ratios(1, 5
and 10) with 17ml of deoxidized water. The conven-
tiond hydrothermal treatmentswere conducted at atem-
perature(150-250°C) by heating thevessdl at arate of
10°C per minute. Thereaction vessel washeld at each
temperaturefor severd reactiontimes(1-96h). Thecool-
Ing stagewasmaintained by using an e ectricfan. After
the hydrothermd treatment, thereaction productswere
washed with deionized water in ultrasonic equi pment.
Strontium carbonatewith 99% purity wasreported. SO
may be prepared from the strontium carbonate obtained
asmentioned above.

Inthe year 2004 Hacer Dogan et al ¥ studied the
effect of acidleaching of Turkish celestitefor the con-
version of celestiteinto strontium carbonate. Double
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Figure7: Showsschematic flow digram for preparation
SrO from celestite®”

decomposition method wasempl oyed for conversion
of ceetite. Theimpuritiesassociated with cdestitewere
reduced to 0.10g/l by acid leaching. Thecdlestitefrom
Barit Maden, Turkey wastaken for thisstudy. Emis-
sion spectroscopy with inductively coupled plasma
(ICP-AES) wasused to verify the Fe, Ca, Pb, Si and
Bacontentsof the celestite after acid leaching. Differ-
ent minera acidslikeHCl, HNO and H,SO, were used
for acid leaching of celegtite. Organic acid such asace-
tic, oxalic, citric, tartaricand di-glycolicacid was aso
tested but their price and effectivenesswerenot asrea-
sonable asinorganic acids. Thedecreasein calcium
percentage was around 0.5% with acid leaching of cel-
estite. Similarly inthe case of ironit hasreduced rea-
sonably by acid leaching of celestite. Nitricacid, am-
monium nitrateand potassium per chloratewere used
asoxidizing agent toincreasethedecomposition of iron.
Ammonium fluoridewas a so used to decomposethe

slicatemateria andiron bondedtoit. Theiron content
was|oweredto around 0.20g/l with addition of NH,F.
Nitric acid of 3.5% concentrationwasfound sufficient
for removad of iron. Inthisinvestigation magnetic sepa:
ration wasa so employed before acid leaching for re-
moval of very small particleof iron. Thisstep may be
effectiveto avoid large amount of acid consumptionin
leaching process. Thisexperiment showsthat particle
Sizeof ceegtiteisvery important for thetotal comple-
tion of thereaction. Thesmaller theparticlesize of cd-
estite, thelower iron content was obtained under the
samecondition. Thestrontium carbonate produced from
leached celestiteore contained iron below 0.10 g/l and
calcium below 0.2%.

The strontium carbonatefound in thisprocess may
be used for the production of SrO by calcinations
method using carbon asreductant at high temperature
asmentioned earlier.

Murat Erdumoglu et a. in the year 2006!*" had
carried out the experiment on theleaching of celegtite
with sodium sulphideat 20°C in order to prepare stron-
tiumdisulphide Theacidleaching of srontiumdisulphide
by dilute HCI were conducted toform strontium chlo-
ride. Any residue remaining in the strontium chloride
solution wasfiltered and removed. Theliquid contain-
ing strontium chloride was allowed to react with so-
dium carbonate sol ution for the preci pitation of stron-
tium carbonate. In thisstudy the reaction kineticswith
respect to different parameterslikeparticlesizeof cdl-
egtite, concentration of Na,S, stirring speed was stud-
ied. Theresult showed that therate of conversion of
cel estite to strontium disul phide depends on concen-
tration of sodiumsuphide®?). Theced estitetakeninthis
experiment was upgraded to 99.8% strontium sul phate.
Therefore strontium carbonate produced will beof high
purity. Thestrontium oxide of very high purity may be
prepared from thisstrontium carbonate by smilar way
asdescribed above. Theflow sheet diagram of thispro-
cessisgiveninfigure?.

Conversion of celestiteto Sr Sby microwaveheat-
i ng[4o,41,42]

Most recently in theyear 2007 conversion of cel-
estiteto SrS by microwave heating was reported by
Abdullah Obut®. Heused charcod asareducing agent
and hesting wasdonein commercial microwaveoven.
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Figure 8 : Schematic flow sheet for the preparation of
strontium oxide from celestite by mechanochemical
method*

Inthisexperiment celestitewastaken from Turkey having
purity morethan 98% particle sizelessthan 200 mi-
cron. Thelaboratory grade charcoa wasused. Ineach
experiment appropriate quantity of celestitewith sto-
ichiometric, 50% and 100% excess charcoal hasbeen
taken and mixed properly. Themixturewasheatedina
lightly covered porcelain crucible, whichisplaced in-
sideacommercid microwaveoven. Theovenwasop-
erated at 900W and frequency of 2450MHz for atime
of 2,4,7 and 10 minutes. Thetemperature of the mix-
tureimmediately increasesby the application of micro-
wave energy dueto the stronginteraction between mi-
crowaveand charcod . Thetemperature of cdestitewith
stoichiometric carbon reaches 354°C whereasthe mix-
turecontaining 50% and 100% excesscharcoal reaches
880°Cinequivdent time. Thereisno considerableloss
inweight until 550°C.Thelossva uesincreases steeply
after 800PC indicating sarting of thereection. Theweight
lossvalue practically stopsafter 1100°C showing the
completion of thereaction. Thetemperatureof stoichio-
metric ratio reaches 800°C after 7 minutes of micro-
wave heating and after 10 minuteshesting itstempera:
ture reaches 1160°C. The mixture of 50%and 100%
charcoal-cel estite exceeds 1200°C. For 50% and 100%
excess charcoal—celestite mixture the weight loss val-
uesareadmost inrangewith theoretica vauesindicat-
ing completeconversion of celestite to strontium sul-

> Review

phide. The experiment concludesthat conversion of
celegtiteto SrShaving conversionratio morethan 97%
can beachieved through microwave hegting. Thestron-
tium sul phide obtai ned by thismethod may be used for
the preparation of strontium carbonate, which can be
further usad for the synthesi sof strontium oxideby above
-mentioned process.

Conversion of celestite by mechanochemical
method

Thereisarecent publicationin theyear 2007 about
the conversion of celestite to strontium sulphide.
Abdullah Obut et a.[* made an attempt for the con-
verson of strontium carbonatefrom celestiteby mecha:
nochemical method. Inthisexperiment(+600uum) Turk-
ish celestite containing 96.12% SrSO,, 2.61%CaS0,,
0.6% BaSO, and 0.45% Fe,O, has been employed.
Thereagent grade of sodium carbonate and distilled
water wasused in thisexperiment. The planetary type
bal mill with 500rpm, bal/sampleweight ratio: 20, num-
bers of balls 50, diameter of balls 10 mm has been
used to carry out the mechanochemical reaction. The
genera flow sheet of thework isgiveninfigure5. The
appropriate quantity of celestiteand cal culated amount
of sodium carbonate a ong with required quantity of
distilled water hasbeen added inthe planetary bal | mill.
After milling ca culated amount of distilled water was
added to milled mixtureto solublize Na,SO, formed.
After themilling the solid and theliquid portion were
separated by centrifugation. After drying, thesolid frac-
tionswereleached with dilute HCI. Themilling experi-
mentswere conducted for 10, 20and 40 minutesinan
interval of 10 minutesto prevent temperaturerisein
planetary ball mill. Theresult showsthat 74.23% of
celedtiteisdissolvedinditilled water only after 10min-
utesof milling. Thedissolved sulphateand dissolution
percentageof initial cdestiteand milled solidsincreases
from 91.52% t0 93% for 20 minutes. After 40 minutes
of milling 98% cel estite dissolved. Thedissolved sul-
phateisstrontium carbonate. Theresult asoindicates
that theincreasein dissol ution va ues of sulphatefor 20
and 40 minutesis not assignificant asthe values be-
tween 10to 20 minutesmixing. Theeffect of amount of
sodium carbonate on the preparation of strontium car-
bonatewas also investigated in thisexperiment and it
wasfound that 10 minutesmilling ispreferred over 20
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minutemillinginrelationtoreducetungsten carbideball
milling chamber wear. Theresult also showsthat 1:1.2
moleratio (strontium sul phate/sodium carbonate) and
20 minutes activationtimeissufficient for 90% of con-
version celestiteinto strontium carbonate. Thewhole
experiment concludesthat thereaction between celes-
titeand strontium carbonatein aqueousmediumisdiffu-
sion controlled because of theformation of solid stron-
tium carbonatelayer over thecelestiteparticle. Whereas
inwet highenergy milling givesincreased rate of conver-
sonof ceestitedueto cregtion of fresh reactive surfaces
asaresult of continuousmixing and sizereduction. The
strontium oxide may be prepared by heeting the stron-
tium carbonate powder with carbon at 1400°C. Theflow
diagramisgiveninfigure8.

Recently in theyear 2007 Tanaka K nniaki“ has
prepared strontium oxidethin filmsasan electronin-
jection layer for organic EL Dereactiveionization as-
sisted deposition method. The electrical deposition
method, which createan oxidelayer of strontium oxide
on the surface of strontium metal. It cannot be pro-
cessed for the preparation of strontium oxidein bulk.

CONCLUSION

Celedtitecontainsalot of impuritieslikeCa, Ba, Fe
etc. which requires removal before conversion. By
studying different papers/patent, it isconcluded that
cdedtiteisfirstly converted to strontium carbonate and
then SrOisprepared by heating it at higher tempera-
ture. Thereare mainly two methods employed for the
conversion of celestiteto strontium carbonate. Thefirst
method isblack ash method and other isdirect conver-
sion method. In Black ash method celestiteisheated
with carbonto get SrSby which strontium carbonateis
formed. Strontium carbonateis obtained directly by
reacting with leached celestite. Someresearcherspre-
ferred Black ash method on the basisof |ess consump-
tion of acidsetc. A group of other researcher has pre-
ferred direct ash method since thismethod doesn’t re-
quirehightemperature. Both methods haveitsown sg-
nificance. The by products obtai ned by direct decom-
position method are val ue added product and may be
used in corresponding chemical industries. Strontium
oxideisprepared by heating strontium carbonate with
carbon at high temperature. In another way heating

strontium sulphideat high temperature can alsoform
strontium oxide. Since both the processesrequirehigh
temperature, strontium oxidemay be used asflux agent
together with other oxides. Apart from this mecha-
nochemica and microwaveheating methodswhichwere
introduced recently inthiscurrent year for thecelestite
conversion gppearsto bemost promising methods. But
theseexperimentsare on early sagefor itscommercid
use. To sartitsapplicationinbulk production it needs
optimization of variousparameters, whichareinvolved
inthese processes.

Thisreview study indicatesthat thereis need to
devel op other economical process needsto be estab-
lished for thecommercia production of SrO from cel-
estite. Themoreresearch onitsapplicability ondiffer-
ent areaof sciencemust beidentified.

InIndiathereislarge deposit of celestite. To ex-
plorethelndian technology for the cel etite gpplication
for the preparation of different strontium compound
needsto be searched. The application of strontium ox-
idein Indiaaongwith other countriesinnew areasneeds
to befocused to promote the production of strontium
oxideto makeit materia of commercially important.
Thiswill hdpto utilizethelargedeposit of Indian celes-
titein better ways particularly intheareaof production
of strontium compound.
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