INTRODUCTION

Zine is one of the most important metals of the present
age due to its high chemigal activity as well as alloy forming
property. Its main uses are in zinc base alloys (die-casting),
brass, ginc powder, and in the form of various zinc salta. OfF
the various salts of zincg, minc oxide aﬁd zing sulfate are .
most important, and as a matter of fact zinec oxide constitutes

ahout 80% of tue totél zine compounds manufactured.

1+2¢ EXTRACTION OF ZINC AND ITS GRADES

Zine ia distributed in the eérth‘s crust to the extent of
about 120 gu. per tuh, mo;tly in the form of sulfide, known as
sphalerite or zipé biend_dépending on the erystalline structure.
Generally it containg sulfide of some other metals also, viz.

lead, cadmium, iron, copper etc.



he

In the metallurgy of zinc, the sulfide ore after crushing
to proper sizme, is concentrated by using different methods like
differontial fldation, gravity concentration etc., dopending on

the nature of the orocs

In the next step, the sulfide concentrate is roasted at a
very high temperature nesr about 1000°C, thereby converting it
to a crude oxide with evolution of highly corrosive sulfur dioxide.
Thig offluent gas is subsequently oxidiéed for the production of
sulfuric acids. The oxide is subgsequently subjected to distillae-
tion in retorts with coke or coal or leaching with sulfuriec acidg.
In both the cames additional freatments are necessary for

ebtaining since.

1.3. ZINC BASED INDUSTRIES IN INRIA

Upto 19731, Zowar Hine of Udaipur, Rajasthan was the oniy
ginge mine in Iﬁéié. Hence moat of the amount of ginc concentrate
was being imported from different countriesg like Canada, Australia,
fiolivia; Peru. In 1991 India imported 34,394 fons of sing concene-
trate from these couniries, at the cost of § 3.6 million. Imports
of zinc metal, alloys, mostly zinc or apelter totalled 96,813
in 1977. This was imported from Australia, Canadao, Japan, U.S.S5.H,
Zawar line produced 293,536 tong of ore containing 3.5% zine in.
the respective year whereaé zing concentrate totalled 15,397 tons,

compared to 15,888 tons in 1970.

The sccond smelter at Alwoye, Kerala, i.0. the Caminco

* Binlani Zinc Limited amelter, preduced only 10,207 tons of zinc



in 1971, though it waes having ;a eapacity of 20,000 tong per year.
Production of zinc in Hindustan Zinc Limited, Debari (based on
Zawar ore) was only 36% of its total capucliiys iecsy it produced
11,000 tonps instead ofv its capacity of producing 18,000 tons

beor Yﬁﬁal?z »

Indian Covernment had approved in Januacy 1971 the
-establishment of a new minc smelter at Vighekhapatnam having a

capaclty of 30,000 tons per annum, based on zinc conceniratese.

The ézzz:anamn scheme of the Hindustan Zine Lid., and
Caminco Biniani Zinc Litd., together with a new smelier ot
Vishaokhapatoam shows an expected total production of 106,000 tons
per annum of zine metal by 1278«79 against the esteblished require-
'm;zi; of 200,000 tons of zinc by that year. Thoy are also studying
the feagibility of establishing a smelter, based on orewserves at

. Rajpura, boriba with an annual capacity of 50,000 tons of metals

The production of ging canoéntrate in Indla has been given
schematically in the following diagram, for different years, while
the iméorta for the same along with the import danta for the zinc
metal is listed in the following graph ., The annual production of
zine, howewer, in the year 1976 was around 25,000 tons. '
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1.ia SULFUR AND 1ITS EXIRACTION

Sulfur is often considered along with salt, coal and
limestone to be one of the fouxr basic raw materials of chemical
industry, due to its large opplicability. 80% of the brimstone
consuned in U.S. is burned to form sulfurdioxide and hence to
convert it to sulfuric acid, congumption of which is estimnted
£0 be 69.3 million tons in 1980, The use of sulfur in various
indugtries snéh as fertiliser, ruﬁher, paper, textile and in A

vorioug chiemicals are guite well known‘.

Though sulfur is ohe of the most important raw materials
of the modern ages the acute shortage in the reserves of native
sulfur has posed a great problem for the growth of various
industricse ﬁﬁ overcome this problem effbrts are being made
duwring the last few years throughout the world to utilise the
sulfur bearing minerals and indusirial waste gaaes either for
the production of sulfur in the elemental form or %o direci:iy
convert them to various other essential chemicals by modification:

of the exiasting processes or through discovery of new processess

Ganerally the extraction of sulfnr can be broadly catee
gariéed as (i) recovery in elemental form (ii) noneclemental

foris

The elemental sulfur is either obtained from nature as

3

. Sx
such, recoveroed by the well«known Frash Process or‘fg? mineralse.

The minerals are generally subjected to oxidation utilising

suitable oxidising agent by various welleknown methodaa'io.



Sometimes redugction of gome sulfabtes under hydrogen presgure

has been utilised to obtain elemenigl sulfur from theae.

Tha recovery of gulfur in the noneclemental form from
the sulfide ore is mainly based on oxidising them. Besides
the offliuent gases conming out of such processesn, the pgascous
producta from other treatment plants alao contain either 803 or
Eias. Recovery of sulfur from thoge goases pre generally achieved
through oxidation or reduction of the geses. Thus guite a few
processes are in vogue“"w for recovering sulfur from gases

containing elther 5132 or HES.

$.5. SULFIR DASED INDUSTRIES IN INDIA

In 1971, the total consumption of gulfur in India was
315,126 tons whereas in 1970 it was less than this by 3%.
Sulfuric acid registered an increase by 4% in 1971 compared to
1970, while in paper and paint industry the some was 2% and 8%
rappectivaly. 7The vaorious patterns of consumption has been

frosented in adjecent Table 1.

Infortunately India is having a very poor depoait of
aslemental sulfr near Puga Valley of Kashmir. An inferred
rasarve of 20,000 tons of elemental sulfw hos been eatimated
from Puga, Ladalkh, Jaumu and in Kashmir, '

Hence the sulfur recovery in Indin is mainly made from
sulfmr bearing ores such as pyrites and pyrrohokite, reserves
of which are placed at about 108 milliion tons, of which B2.6
wiliion tons are in Saladipura Sirkar District, Rajasthan.



Table 1 3 Congumption of sulfur in various industries in the

different years (in tonnes),

Industry 1967 1968 1969 1970 1971

sulfurie Acig 282,850 354,781 409,115 519,475 435,530
Chemicals and €S, 25,319 42,428 38,296 44,805 48,925

Sugar 6,635 64937 15,200 17,290 14,240
Paint 11 16 2 7,400 8,083
Textile , 4 o heT53 0 L4,975
Paper 172 k0 305 L,Ohy #,1&0
Lubber 3.73% 2,003 2,139 2,445 .2.718
Battery 117 191 177 227 240
i iote oits  OF > ® n soo®
Total 326,919 406,605 465,512, 500,616 514,126

Table 2 ¢ Import Datg for Sulfur.

ror i Come (cotlomstpridiewiioe
dyves, stes
(5o nommance) (o) (sEohmsnas) (64) e omamnae
1967 592,978 325,637 592,641 324,163 337 1074
1968 390,390 214,818 389,547 212,539 843 24287
1969 305,010 119,930 304,517 117,647 493 24283
1970 521,423 137,216 521,081 135,435 342 10881
1971 420,607 98,004 420,075 95,482 332 Re322

The imports of sulfur and its indigenocus preduction (from Mzdras
refineries) for the yeers 1975 and 1976 were respectively 617,115 ,
588,763 and 6,200 and 7.348 tonnes.



But this is not enough to faoce the sulfur consumption in India,
which as a result necessitates the import of sulfwr from coun=

tries as Capnada, Poland and Iran.

The value of the imported sulfur in 1971 decreased to

Bie 98.0 million fromlse 137.3 million in 1970, which in terms of
quantity means a decrease by 19%. The average annual rate of
incrcase in imports of sulfur in India was 19% during 1967 to
1971« However thy import of spulfur in the year 1973-74 was around
589,000 tonnes which was estimated to rise to 1775,000 tonnes in
the yoar 197879, of which 83% was to be utilised for sulfuric
acid manufacture. The chart of the imports of sulfur is given

in the following Table 2.

An approximate percentage of sulfur pregent in dqifferent

sulfide ore is given below 3

Nature of ore Approximate percentnge of
pulfur in the ors

Iron pyrites 4O = 458 of &

Byrrhotite 38 ~ 39% of S

Spholerite 28 =« 324 of

Galena 13% of S

Copper Sulfides 30% of S

Gy paum 46 .6% of 303 radical

Anhydrite 58.8% of 803 radical

1.6, CESERAL TIEORY OF GAS SOLID REACTIONS

The roasting reanction gystem involving the metal sulfide

is obviously heterogeneous in nature. The possible reactions



wiich generally occur in these type of reactions are those
involving formations of thoe metal oxide and sulfur dioxide (b) the

metal oxide and elemental sulfur and (¢} the sulfate of the motal.

(a) aB(s) + 2 X(g) = axX(s) + 8x(g)
(6) as(s) « x{g) = a%(s) + B(g)
(e) an(s) + nX(g) = &% + B (5)

The present investigation is mainly based on the type ‘'o!

raoaction.

These reactions can either be diffusion controlled or

chomically conirolled.

The giffusion controlled reactions are characterised by
low energy of activation and gencrally of £irst ovder kinetics.
These are subdivided into *tma, groups i.o. {a) diffusion through
the boundery layer gurrounding the solid particle may control
the overall rate and ordjliffusion of goseous reactants or reaction
products through the pores of the solid and the product layer may
control the overall rate. The rates of these reactions are
generally dependant on the flow rate of the gasecous constituents
of the resction/product and on the size of the particles involved

in the reaction.

The rosistauces offered by these processes can bao minie
mised to negligible extent by ecithor increasing the flow rate

of the gases and/or reducing the size of the solid particlaazga

Tho other type of renction i.e. chomically controlled is

generally chavacterised by relatively large energiles of activation



and rates boing least affected by the change in flow rate or
porticle size. The order of these reactions can be anything

5
between O, 1 and 2.- 1?22

A particular reaction may be predominately diffusion
controlled under a particular get of conditions but may change
ov*ex" $o a chemically controlled reaction under anotheor seot of
conditions. Thus Caonnon and Qenbighaj have ghown that below
830%, the rate of oxidation of 110 faces of zing sulfide is
chekmically controlled but gbove 830° there is evidenoe of onset
of diffuaiionnl resistances. Morcover there are some cases when
the velocity of the chemi ¢al reaction and the rate of diffusion

ore comparable in magnitude.

Howover thore are some heterogoncous reactions which gre
prodoninantly dependent on the properties and dextwre of the
astorting material and product, Theme are categorised ags topow
chomical renctions and have a considerable preparative interest
and also have contributed ¢to the understanding of the mechanism
of reactions, porticularly the reaction between siructure and

chomical properticns.

Topochemnical reactions maoy be grouped inte three
24

cateporices” .

(i) Reactions in which tho degroec of dispersion of specific
surface and the kind and oxtent of lattice imperfections in the
ronction product ore depondent on the nature of the starting

mater fale
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(ii) Roactions in which the starting material exerts an

influence on the erystal structure of the product.

{(iii) Roactions where the nature of the starting material

dotermines the chemical composition of the product.

These reanctliong give rise to compounds which cannot be
obtained by other methods or at least not by analogous reactions

in gas phase or in solution.

Howover, the above gcheumes of general reaciions ave
usually not go pimple. These take place throush a serics of
complex reactions os given below 3

i) MS, = HS+ %S,

i1) 1 8, + 0, = S0,

111) M5 + 20, = MO s0,,

- 15 # L 508w
iv) MO + $0, + 7 0, = NSO,

v) 50, + 3 0, = 533

vi} NS + 2 0, = HSO,
vii) HO + S0, = HMs0,
viii) 3MSO) + MS = MO 4 ksoz

From the above set of reactions, it is impossible to say
which ore the actual reaction paths :far the formation of metal
oxide or metal sulfide, without kinetic datne. The motal oxide
oot be produced through any of the roactions (iii) or (viii),

on the other hand,; motal sulfate can be mroduced from roaction



(11) or (vi) and {vii). It is not known yet, whother 5303

formation tskes place through reaction {v) at all or not.

ts7e LITERATURL SURVEY

Work on the roasting of sulfides, involving the systems
motal-gulfide-oxygen was 1nitiateﬂ by Germen workers in the
beginuing of twentieth contury. The reaction studies invelving
gystens In both equilibrium ptate and ﬂun-équilihrinm atate,
congisted of gulfideesulfate and sulfide-oxygen aystem. From
a survay of availasble literature it ia penerally observed that
the informations pertain mainly to the various mspocts of convere-
siona of the sulfides to the corresponding oxides. HMNoreover,
these conversions are better achieved at higher temperaturc.
Quite obviously the majority of the work is in the highor
tomperature range aund is mainly on the mechanlism of such eenveﬁ»
sions.%” his has ultimately resultdd in lack of detailed
informations on the Aintermedintes formod during the reactions. In
the following lines attempt bhas boen made to prosent a brief
raview of the availoble literature, which is of some relevouce

to the investipgetions carried out by the prescunt worker,

A review of the work, upto 1957, carried out by Soviet

solentiots on pulfide systems, has beon presented by Frents.26

Aahcrafﬁg? started the studies on the mechanism of the
raeactions, end concluded that the primary product of oxidation
of sulfides were sulfates, which finally dissociates to give

osides along with sulfurous gases. Iut ?erettigg sugpasted that
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the first product of Cu?s oxidation was CuQ, ond ultimately

copper sulfate forms out of Cul in the latter stagt.

”
Tso 1:31@:‘"’9

reported that sxidation of nickel alei‘ide. by
gasgous oxygen goes through the formation of nickel oxide, which

then gets oxidized to sulfate -« by interacting with S0, and 0

2 2°

present in the gystem, produced from the reaction.

Nin$, + 3 0, = 2 Ni0 + 2 S0,

The largest amount of suilfation cecurs ak 600° — BOOCC,

but 4t disappenvrs due $0 itg instabhility,.

Similar type of conclusion was drawn by Diev and Karyaki.nj'{},
when they si:tzﬂim:; the Cu,S systems. They stated that @&320 ig the
firat product of oxidation, which is then converted to aalf‘éte
by reacting with 50 '

and 02* Same anthuras claimed some

2
machanionm for tho oxidation of ZnS. In this raoport, it has been
found that most of the investigators supported the oxide formoe
t¢ion to be the primary reaction, which finnliy leads to the

foroation of gulfate, the reactlons can be outlined as follows

23051-302 = 2 200 +« 2 50

2
2902+02 uz.‘.’;ﬂa‘
230*593 aZnsf}:“

Same type of roaction mochanism has besn established by

32

smirnov™ ", when he studied the reaction of pyritegecxygen gystom.

e reoported the reactions to take place as below
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2FesS + 302 = 2 FeO + 2 SO

2
6 FeQ 4+ Qg = 2 Fejch
2 592 % 02 = 2 Sﬂg
o %3 3 S
2 1‘33% 4+ b03 = 3 E‘ezaz -+ &02

ihis type of renction mechanism hos bheen termed as oxide
theory of gulfation., There is anothor type of reaction mechanism
for the formation of sulfates from pulfides, wiich has been

tormed as dirvect sullat jon theoiVe

Vanyukov ot al.?> supported the direct sulfation theory,
when they studied the iron-sulfide raaséiﬁg. smiz'ncv% also
pupported this direct suifation theory in hig later work. He
reported that the primary product of oxidation was the metallic
sulfate which f£inally reacts with unreacted sulfide to give

metellic oxides

Paam‘shir335 stated that no unified approach ecan he made
to the roasting react ions and t;:e nature of the sulfide involwved
iz very important. He algo stated that rogsting nature depends
mainly on the polari#ing force of the cat lon, the temperature
and oxygen partial pressure of the gaseous phase. In his opinion
the formation of complex S{){f ion is less probable at higher

tenperatures, in the excess of oxygonh.

MHeCab .336 investigated the mechanism of roasting of Guaﬁ
in lump fornme He found that t:axs% is survounded by oxido on the

gas interface and sulfiide on the ocwre gide.
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Vodsworth et al.2! studied the sulfate formation from
pure Znt,; in presence of '3302 and 020 It was reported thaot no 5933
was formed wt;en there was no Zn0, for 80, oxidation, Acéoxding
to them, the rate of sulfation is proportional to tho ambt_mt of

3(’}2 that would be present in the gystem.

Tratsevitskaya et al.Bs roported that the amount of
sulfate produced from gulfide roasting dopends on the 02 partial

prassure in the gaseous atmogphore.

Connon and Denbigh®’ studied on the oxidtion of the 110
facas of ZnS botween 680°C and 940°C and with a oxygen partial
pressure hatwéen 0. 01h and 0,50 atme. Thoy concluded that below
830°C the rate of oxidation was independent of the thickness of
the ginc oxide layer annd thus chemically controlled. Above a
tomperature of 830°C ouget of diffusion resistabce oocurred and

at still higher temperature, the whole wechanism changed.

Sommer and Kellogg:sg allowed sphalorite o react with
air, mixtures of S0,y 0, ¥, and mixtures of 803, 02 and N, in
the tempersture range of 361° to 527°C. HRates of oxidation was
negligible in all cesca except for the gas mixture containing
303. With this gas the oxidation of finely divided sphalerite
was fairly rapid and sine sulfate was the product, They have
gupcested that zinc sulfate, besgides boeing produced by reaction
of Zn0 with S04 (or s0, and 02} might also be produced by direct

interaction of :5;63 with Zn3.
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Penbipgh and Boverldge from their work on oxidation of
pelleted spheres of ZnS in air within a temperature range of

500 = 1440°C gugnested that the reaction was chemically controlled
at lower port of the tempersture while at upper part diffusion

was predeminantly controlling. Howvever within chemically cone
trolled tan_zperaﬁura region gintering occurred lading to a great

reduction in the overall roaction rate.

Abranam et al.! from their studies on the oxidation of
pure 2ZnS as well as ZnSeFeS cylindrical compacts suggested éhat
the reaction is diffusion controlled in the range T00-300°C and
below 700°C, the oxidation is controlled by a different mechanism,
The presence of upto 5% iron as sulfide in the zine sulfide
compact did not affect the roasting rates whereas 10% of this
lowered the roasting rate considersbly. Similarly Natesan and
Pribrock™ from their studies with ZnS pellets in the temperature
range of THO - 1020°C guggested that the process of oxidation
was predomingntly controlled by transport through Zn0 reaction
product layer. They have further observédl‘j on the basis of a
propoged model that at no stage of the reaction the particle was

43 sugaested

subjected t0 a state of instability. Mendoma et ale.
that the experimental observations on the oxidation of ZusS
pellets could be explained on the basig of a wmodel which takes
into accownt the existence of diffusion with simultaneous

reaction with some correction factora.

Tamahanker et al.m" have obgerved that when gamples of

CaS, NisS, PbE, Zn8 and ¥oS, was heated in air under controlled



conclitions, were converted to sulfates, wiich coventually

docompoged to oxides.

55 studied the Lkinetics of vaporiation
N

- Tolteo and others

and oxidation of ZnS In an oxidising atmosphere in O=N mixture

at 1200 - 1250°C. Thoy observed that at first 2nS dissocinted to
Zn  vapour and S vapour. These disgociation products diffuse
cutwards from the surface of the speheoripal pellet and form the
reactlon zone with gns diffusing inverds from the bullk flow. A
white shell of Zn0 was formed in the reaction zone. This shell
'fmally becanme impermeable stopping the reaction completely.

However Czeslaw and atharszsé

from their studics on effects of
portial pressure of oxygen on the kinetiocs of zine sulfide
oxidation in the temperature of B30 = 1060°C, suggested that the
rate was 1imiteé by chemiesl reactions ogceurring at the Znd-Zns
outerface and was proportioaal to partial prospumre of ozypgen

in the gas phase.

Lauchev and KaraVastievaaT

carried out roasting of intore
modiate products containing Zn, Cu, Fe and S of different composi-
tions. They observed that the optimm condition of roasting was
650 -« F00°C undor high turbulence factor. They obgerved that
sulfation of Cu and Zn sulfides was attained by the simultaneous
action of decrense in concentraticn, ignition tewparature due to
the prepence of other sulfides, improvemgnt of diffusion condition
in the spolid reaction products and incroase in the gas phase due

to the oatalytic action of Feo oxideg.



Results of oxidation of Zng by Scz in agueoug sulfurlc
acid, desulfurisntion of gphalerite at a temperature range of
760-900°C to suggest the energy of activation of the process at
different temperature range and on the effects of grain size and

, -
grain shape have been reported by a host of workerg 1550,

rom the studies on the kinetics of oxidation of Zns
concentration in g fluidised bed, Gupta and otheram v’
obgerved that splfur removal idnereased with roasting time while
the recovery of sulfur decreased with particle size, other parae
mators being kept fixede. The rate controlling reaction was
first order at particle/gas interface and the activation energy
for oxidation was 30 & 2 Kenl/mol. Similarly Kondo et a1.5 2
carried out oxidation of Zn$ in a fluidised bed at 800.910°,
They have observed, by applying a two phase model, that the
overall reaction rate in the emulsion phase was controlled by

the rate of gas £ilm mass tranafer at higher temperature.

Prom thermogravimetric studies on the oxidation of zmine
concentrates, Kerwan aud ﬁéharaﬁ have cbgerved that the %ns
exothermie peak shifted towards higher temperatures by incrsase
in the amounts of Pe, Pby, probably present as sulfides, and
dolomite. Fb and dolomite influeneed negatively the process of

oxidation of oras.

thile studying on the processes taking place in the

synthesis of Zn0-Zn luminophor irom zine sulfide by the oxidation

5

of ZnS at 900°C Vesker and coworkers” observed the silumtaneous

formntion of sulfates. However they also observed thét the
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primary oxidation of 2nsS to Zn0 was predominating, Shin and '
eoworkera55 have observed from their studies on the oxidation
of Zn and Cd anlfidea that the heterophase oxidation at .
850-900° was mainly determined by mass transfer botween the gasr.

and sulfide particles.

Gradual oxidstion of gine sulfide has been observed when
it is kaept in humid condition, the rate depends on the presence

of pyrites and chalcopyrite. It . has been observed that the

rate of oxidation is also dependent on the degree of the ging

gulfide ore digpersgion.

Puring the storage of ground pyrite ores, having a high
content of metacolloidal(structure)minerals the oxidation of ZnS

has been found te proceed with a high rate.

1.8, $COPE OF THE WORK

From the foregoing discussions it is seen that during
roasting of zinc gulfide some zine sulfagte isvdirectly obtained.
sSuch formation is favoured at lower temperature, while at higher
temporature the production of zinc oxide is ravowred”.} it is
also seen from vorious workas that smine sulfate is uanstable at
higher temperatures and decomposes to zinc oxide more or less
completely beyond a temperature of about 600°C, Honce if the
roasting of the sulfide is carried dut at lower temperatures,
in presence of some catalysts/additives which will not only
increase the conversion to sulfate, but also stabilige the
sulfate, the recovery of both zine and sulfur can be achieved

very easily. This will also help to avoid various drawbacks of



the existing process for the recovery of zinc from zing

sulfide ores namely (i) high temperatures, (ii) detrimental
effect of sulfur dioxides evolved in the process on the plant
at high temperatures and finally the numerous ateps necessary
for the recovery of both zine and sulfur from the roasted
material and the effluent gases. HNHetce if the development of a
singleo step process by which gubstantial conversion of pulfide
to sulfate is possible, not only the whole recovery would be

simplified but also open up new avenues for ore utilisation.

It i also known that some sulfide ores, zinc sulfide
ores héing one of them, underge weathering process leading to
direct sulfation of these sulfides. The weathering is a slow
progess oceurring at a comparatively low temperature, almost at
room temperature and tales place in presence ‘of‘ moisture and
oxygens Hence it is quite likely if a similnr condition is
sinulated at highexr temperature, it may lead to not oniy
increase in rate but algo higher conversion to sulfate. One

mzy further presume that such a possibility may further he

19

inereased by incorporating suitable catalysts which will not only

inerease the rate bubt also stebilisse the zine sulfates

in view '
With these,i.0., formation of zinc sulfate at lower

tomperature, possibility increasing with incoarporgtion of
ptoam/mo isture along with air and in prescnce of a suitable
catalyst if neceassary, attemptis have beoen made to convert

sphalerite ore, avallanble at Zawar Mine of Udaipur, Indila.
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These investigations have been divided broadly into
two parts 1 one without using steam and the other in presence
of steam. Since the ore contains iron sulfide, some experiments
were garried ocut with it. IHowever, later on xé‘eaOB was added f:o’
tho ore and experiments were conducted with it to find out the :_
reaction conditions necessary for highest couversion to sulfatee.-
The oxides of trangition metals were attempted as additives/
catalysts as becnuse these are known to be good oxidation
catalyste. The underlying principle is to £ind out the feasibie
1ity of such a process at lower temperature gnd also the maximum
conversion to zinc sulphate possible under suitable optimum
conditionas. Such a convergion directly to zine sulfate will
indicate the possibility of converting zinc and gulfuxr to an
easily recoverable form by & single step. It is needless to
mention that subseguent recovery of both zine and sulfur as
sulfuric acid is obtained through the electrolysis of the agueous
solution obtalned by water leaghing of the product. Zine thus
obtained will be of high purity. The sulfuric acid generated
during the elecirolysis will have to be occasionally replaced or

treanted as is done in other electrolysis casess

Finally attempts were made t0 delve into tha mechanism
of the reaction through studies conducted with pure zinc sulfide.
These studies w.ere firat condueted to find out whether the cone
version of zing sulfide to gulfate would be augmented by gteam
alone or some additives (oxidation catalysts) were necessary as
observed in the cases involving oxidation under humid condit ions.

Subsequently the influences of various operational parameters on
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the conversions were studied. Thils would help not only to
arrive at the optimum conditions necessary for such conversions
but also to find the probagble mechanism and kinetics of the
reaction. However such reactions which involve gas solid
interactions leading not only to various simultaneous reactiocns

but also other catalysed reactions are not that simple to tackle.



