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ABSTRACT

KEYWORDS

The present study was undertaken in order to investigate the thermal and
the catalytic depuration of hydrogen sulphide (H,S) using the Claus
experimental method with aninitial molar concentration of 12 % inthe gaseous
mixture. Thethermal and catalytic transformation of H,S hasbeeninvedtigated
between 350-700°C and 250-600°C respectively. Thermostability verification
of H,Sindicatesthat H,S remains stable during the experiment. In additionto
the oxidation of H,S by oxygen, the oxidation of H,S by SO, is equally
undertaken. The yield depends on the concentration of O, in the gaseous
mixture and the contact time. Theinteraction of sul phur with water vapour is
not possible. The oxidation of sulphur by O, gives alow concentration of
SO,. Results obtained show a possibility to replace the Claus thermal phase
by acatalytic onein view to transform the acid gas into elementary sulphur
and to extend the field of utilization of this process for catalytic depuration
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Thermal oxidation;

Catalytic oxidation;
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Temperature.

of sulphurous gas.

INTRODUCTION

Theam of thisstudy isto highlight thefight against
the pollution of the environment. Industrial sewage
transports and energetic setting-ups wastes entail a
consderablepollution of theenvironment. Atmospheric
and water pollution generate changes of micro-climate,
soil acidification, animal and plant poisoning aswell as
noxious effectson human hedlth.

Chemical industries constitute the main source of
pollution. Thegreatest danger comesfromthesiderurgy
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and metdlurgy of non-ironmetas, fromthermal power-
gtationsand from car trangports. Toxic substancesfound
insulphur contai ning gaseouswastes such ashydrogen
sulphide (H,S) haveanimpact onthe health of living
crestures??. Thereare severad methodsthroughwhich
the concentration of H,Sin sulphur containing gaseous
wastes can be reduced. However the best and most
used of thesemethodsiscatalyticfiltering. Among the
catdyticfilterings, thesmplest and most practical isthe
H_S catalytic oxidation through O,. This method is
attractive because the result of its use helps both to
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TABLE 1: Thermal oxidation of H,Sby O,; O,/H,S=0.45;
concentration of H,S=3moles%; O,=1.35moles%; N, =
95.65 moles %

TABLE 2: Thermal oxidation of H_Sby O,; O,/H,S=0.6-0.7;
concentration of H,S=3 moles% ; 0,=1.99 moles % ;
N,=95.02 moles %

Gas concentration at reactor outlet,
moles % at temperature, °C

Gas concentration at reactor outlet,
moles % at temperature, °C

Speed of gasfeed, Speed of gasfeed,
ml/mn 350 450 700 ml/mn 350 450 700
H,S SO, H,S SO, H,S SO, H,S SO, H,S SO, H,S SO,
100 300 000 194 035 070 042 100 3.00 000 130 053 058 0.50
200 300 000 205 016 084 0.30 200 3.00 000 164 039 060 047
300 300 000 210 010 095 o021 300 300 0.00 171 038 0.62 045
Equilibrium Equilibrium
concentration, 0.17 0.07 08 037 076 0.33 concentration, 013 0.12 066 058 057 0.50
mole % mole %

giminateH_Sandto obtainanon-toxic substancewhich
iselemental sulphur. Generally, H,Ssulphur isobtained
through the Claus method. The current modification of
this method involves thermal and catalytic stages.
Thermal transformation of H,Sby O,/*% or SO,"¥ or
thermal dissociation of H,S% helpsto easily transform
part of H,Sinto eementa sulphur and SO, throughthe
followingreactions.
H,S+0.50,—H,0+(1/x)S, )
H,S+150,—H,0+S0, @)
These reactions are usually carried out within
temperatureinterval s oscillating between 200-350°C
and 800-1200°C. Meanwhile to the best of our
knowledge, not many studies have been carried out
withintheinterva 350-700°C**4, A stablecombustion
of H,Sat agaseous stageis one of the requirements of
this process. The thermal processis followed by a
subsequent one (H,S/'SO, relation = 2) inwhich there
isacatalytic reaction, involving the SO, produced. Itis
worth noting that such areaction doesnot happen during
the 1% stage.

2H,S+S0,<>2H,0 +(3/X)S, ©)

Besides, thereisaforming of suchreactionsas:
(Ux)S,+0,— SO, 4
(3/x)S,+2H,0 > SO, +2H,S (5)

When H_S < 15 moles %, the combustion of H,S
withar becomesimpossible. Thetransformation of such
agasrequiresamodernization of the Claus method.
One of the possibilities through which that gas can be
transformed isthereplacement of thethermal stage by
catalytic oxidation. Themain difficultiesencountered
duringtheredization of suchatransformationlieinthe
choiceof acatalys that hasahigh capacity of converting

H,Sintosul phur andwhich hesahigh stehility insituetions
of highly exothermic reactions. Themain criteriafor
choosingsuchacatays are: chemicd activity, stability
and cost value. It should have pores with diameters
that do not limit the progress of thereaction™. Finaly,
the catdyst should haveahigh mechanicd stability!314,
Naturd bauxiteswerethefirst catdystsusadintheClaus
method*>¢, However, they had alow mechanical
stability and avariable composition, and thisledto the
implementation of moreefficient catalysts. Among the
partial oxidation catalysts of H,S, the multiple
composition systems like those composed of iron,
chromium and zinc oxides*” arethe most appraised;
for they areendowed with agreat stability and agood
chemical activity inthe Claus method. Furthermore,
these cata ystsshow agreat mechanical resistanceand
their preparationisvery smple.

MATERIALSAND METHODS

H,Sisobtained from thereaction:
Na,S+H,S0,—»Na,SO, +H.,S
H_,Soxidationreactionsby SO,, O, andthe basic
oxidation of sulphur with steam werecarried outinthe
|aboratory using aquartz reactor (diameter: 20 mm,
length: 180 mm). The analysis of raw materialsand
chemicdswasdonewith an LXM-8MD chromatograph
equipped with a calorie conductivity detector. Two
chromatographic columnswereused for theseanal yses.
Thefirst column (diameter: 3mm, length: 2m) used to
andyse SO, and O, wasfilledwithsilicagel of ASKG
brand (0.25-0.50 mm fraction). The second column
(diameter: 3mm, length: 1m) used for the analysis of
oxygen wasfilled with CaA zeolites (0.25-0.50 mm

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 5(4) 2010

B.B.Loura et al.

217

fraction). The carrier gas was hydrogen.
Thermatographic columnswerethermostated at 70° C
each had an output of 1.5 I/h. The catharometer’s
temperaturewas 100°C. The analysis sensitivity is 0.01
mol %. Themethod used for the catalyst synthesiswas
that cited in the literature®®. For the radiographic
anaysisof the catalyst using x-rays, thelight source
was provided by acopper-anode (ko= 1.54 A). The
deviceisendowedwith anickd filter (lmmthick). The
andysisof thecatayst throughinfraredisdoneby using
aUR-20 spectrophotometer within the co pass of 450-
1400 cmrtand 1600-3800 cm'™.

RESULTS

H,Sthermal oxidation

To verify the thermo stability of H,S, it was been
passed through thereactor of agaseous mixture made of
3 moles% of H,S, 97 moles% of helium and within
temperatures oscillating between 350 and 700°C. The
flow rate of the gasvector wasgradua ly increased from
100, 200to 300 mi/mn. Notraceof hydrogen and sulphur
was detected at theexit of thereactor. Besides, theH,S
concentration remained congtant. Thisshowed that H,S
was stableunder the same experiment d conditions.

Theinfluenceof O, concentration

Thethermd oxidation of H,Sby O, a temperatures
between 350 and 700°C has been done was carried in
2 gasmixtures of different concentrations. In the 1
mixture, the O, concentrationis 1.35 moles%.

(O,/H,S = 0.45) and in the 2" one, the
concentration may go up to 2 moles% (O,/H,S=0.7).
Theresultsobtained arerecordedin TABLE 1 and 2.

Thethermal oxidation of H,Sby O, beginsat t >
350°C. The conversion of H,S increased with an
increasein temperature. Anincreaseintheflow rate of
the gas vector increased the difference between the
experimental and theoretical data as far asthe H,S
conversonisconcerned. Chemicasused for thethermd
oxidation of H,S were: sulphur, water and sulphur
dioxide. The conversion H,Sdepends mainly on the
concentration of O, in the gaseous mixture. For O,/
H,S=0.45, at temperatures between 550-650°C and
agasflow rate of 100 ml/mn, the conversionof H,S
into basi ¢ sul phur reaches 60%. Theincreaseof theratio
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Figure 1 : The thermal oxidation of H,S by SO,. Gas
concentration in moles %: H,S=3.0; SO,=1.5; H =95.5.
Gaseousflux speed=100ml/mn. Curve 1: experimental data;
curve2: theor etical equilibrium
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Figure?2 : Diffractograms of the catalyst before (curve 1) and
after (curve?2)itsuse

O,/H,S=0.6-0.7 was followed by an increase of the
amount of SO, that corresponded to a67% conversion
rate of H,Sinto sulphur. Att=700°C, the influence of
O, decreases and the conversion is equal to the
percentage of thetheoretica equilibriumwhich of 70%.

Theinfluenceof SO, concentration

H,Sconversionrate, ascompared to the val ues of
thethetheoretica equilibrium (Figure 1), showsthat as
the temperature increases, the conversion rate also
increases. When thetemperature reaches 700°C, the
conversion rateis50%.

Thermal oxidation of sulphur

Themixtureof nitrogen and oxygenwith thesulphur
vapour passesthrough theempty reactor. Theobtained
resultsarerecorded in TABLE 3. Wenoticethat SO,
appearsinthegasasit comesout fromthereactor, at t
=400°C and its concentration increases as temperature
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Figure 3 : Dependence of H,S conversion (1, 2, 3) and its
transformation level into SO, (4, 5, 6) on H_S concentration.
Flow rate=6000h"; O,/H_S=0,7; temperature, °C: curves 1 and
4=250°C ; curves 2 and 5=450°C and curves3and 6 =600°C

raises. Att=700°C, its concentration is not very high
and it does not go beyond 0.10 moles %.

H_Scatalytic oxidation
Physico-chemical study of the catalyst

Thisstudy wascarried out withacatayst containing
metallic oxides (Cr—Fe—Zn) with the following %
composition y mass, Fe,0, = 24.65; ZnO = 26.40;,
Cr,0, =48.30, Co,0,=0.15; SIO, = 0.5.

Initialy, the catalyst used for the experiment was
likeasystem made up of spinel structuresof ZnCr,O,
and FeCr,O, and of a small amount of non-bonded
ferric and chromic oxides. The specific area of the
catadyst wasequa to 36 m?/g. Thediffractogram shows
that thegtructureof thecatalyst remained thesameduring
itsstay insidethereactor.

I nfluence of oxygen concentration

The results were obtained under the following
conditions: H,S concentration of 3 moles%, vector gas
flow rate of 6,000 h'* and temperatures 250-600°C.
Sulphur dioxide (SO,) was produced at all selected
oxygen concentrations. When the concentration of O,
waslower thanthat of the stoi chiometry intheoxidation
reaction of H_S to sulphur (up to 3 moles %), the
conversionof H,Sdid not go above 86 % at t = 600°C.

TABLE 3: Thermal oxidation of sulphur by O,. Composition
of thegaseousmixturein moles%: S,=6.3;0,=12.6 ; N.=
81.1. Gaseousflux speed =100 ml/mn

Temperature, °C 350 400 450 550 700
SO, concentration at the reactor

leaving, mole %

0.00 0.02 0.03 0.06 0.10

TABLE 4: Influenceof initial concentration of O, on thegas
composition at thereactor outlet. H_Sinitial concentration =
3moles, flow rate=6000 h*

Gas concentration at thereactor outlet (mol %) asa

0, function of O, concentration and temperature
concentration, 250 450 600
mol, %
H.S SO, O, H,S SO, O, H,S SO, O
2.7 222 015 043 168 024 030 1.20 0.30 0.00
3.0 1.89 0.18 0.76 144 027 045 0.78 0.39 0.00
4.2 092 031 135 065 0.67 086 0.30 1.35 0.00
6.0 029 056 259 014 182 125 0.00 3.60 0.60
9.0 0.04 116 486 002 320 281 0.00 499 152

Thecomposition of thegasat theoutlet of thereactor
isrecorded in TABLE 4. Thecomplete interaction of
oxygen occursat 600°C for an initial O, concentration
not morethan 4.2 moles% (relation O,/H,S=0.7). At
t < 600° C and the ratio O,/ H,S >0.7, the O,
concentrationinthegasat the outlet of thereactor was
high. These results could be due to the insufficient
retention time of the vector gasin the catalyst zone.
With anincrease of the contact time, acompletereaction
of O, was obtained with the remaining gaseous
compounds.

Influenceof H_S concentration

The influence of H,S concentration was
experimented in thetemperature range 250-600° C.
The vector gas mixture had aratio of O/H,S=0.7.
Theyield of SO,, asafunction of initial concentration
H,S, may vary from 3to 12 moles¥ for agasflowrate
of 6,000 h* (picture n°3). The increase of the H,S
concentration within the af ore-mentioned temperature
interval entailsthedecrease of theH,Sconversonrate.
Thiswas especially obviouswhen H,S> 6 moles %.
For concentrations between 3 to 6 moles %, the
decrease of the H,S conversion rate did not go above
4% and it does not depend on thetemperature of the
process. The H,S conversion rate into SO, also
decreases astemperatureincreased. At temperatures
equal to 600°C and H,S concentrationsrangingfrom 3
to 12 moles¥oentail adecreaseintheconversonof H,S
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into SO, from 25to 14% and, whenthetemperatureis
450°C, the decrease was from 15 to 8%.

TheO, conversonrate, asafunctionof concentration
of H,Sin the gaseous mixture, is estimated from the
remaining concentration of thecompoundswhichreacted.
A decreaseintheconversionof H,Sand anincreasein
itsconcentration led to adecreaseinthe conversion of
O,. The oxygen fully reacts at t = 600°C for H,S
concentrations between 3 and 6 moles. H_Soxidation
by oxygen produced chemical s such as sul phur, water
and sulphur dioxide. Thus, itisnot advisableto neglect
thereactionsof H,Swith SO, of sulphur with teamand
of sulphur with oxygen, withinthe system.

Oxidation reaction of H,Sby SO,

Thecomposition of thegassousmixture(inmoles%o)
usedinthisstudy wasasfollows: H,S=3.0; SO, = 1.5;
He=295.5. Theflow rate of the vector gasranged from
3,000- 9,000 ht, The processtemperaturevaried from
250-600°C. Results show the influence of temperature
onthecatayticoxidationof H,Shy SO, isgiveninTABLE
5. The oxidation H,S by SO, with different volumical
gpecdsispresentedinthe TABLE 6. Whentheflow rate
increased from 3000 to 9000 h?, there was a dight
decrease(3%) of the(H,S+ SO,) conversonat t =450°C.
TABLES: Effect of temperatureon theH,Soxidation by SO,
Concentration, mole %: H,S = 3; SO, = 1.5; He = 95.5.
Volumical speed = 3000 h

Remaining concentration, Sum of
Tempoercature, mole % conversion
H.S SO, (SO,+H,S), %
250 0.68 0.35 77.10
450 0.51 0.28 82.00
600 0.83 0.46 71.10

TABLE 6: Volumical speed influenceon theH_Soxidation by
SO,. Concentration, mol %: H,S=3; SO,=1.5; He=95.5.
Temperature=450°C

) Remaining )
Volum|c%| concentration, mole% Sum of conversion
speed, h H,S S0, (SO, + H5S), %

3000 0.51 0.28 82.00
6000 0.57 0.30 80.50
9000 0.60 0.32 79.30

Reaction of sulphur with steam

The supply of sulphur solution whichwas melted
by steam was carried out in astream of helium. The

—= Fyll Poper

volumetricflow rateof thegasand thetemperatureunder
which the experiment were carried out were: 3000 to
9000 h%, 250to 600°C respectively. The reaction rate
was estimated as a function of H,S and SO,
concentrationinthegasat thereactor outlet. Theresults
obtained are recorded in TABLE 7. Anincrease in
temperature and contact timeled to anincreaseinthe
yield of the reaction between sulphur and steam.
However, H,Sand SO, concentrationswerenot high
and did not go above 0.27 and 0.14 moles %
respectively.

TABLE 7 : Influence of process conditions on the yield reaction
between sulphur with team: S,=6.3mole%; seam=5mole%

Gas composition at thereactor outlet (mole
%) as a function of flow rate, h™*

Temperature,
oC 3000 6000 9000
H,S SO, H,S SO, H,S SO,
250 0.04 002 002 001 0.01 traces
450 0.10 005 009 004 0.03 0.02
600 027 014 009 005 0.07 004

Reaction of sulphur with oxygen

The oxidation reaction of sulphur by oxygen was
carried under thesame conditionsasthat of sulphur with
steam except that in the | atter, water was replaced by
oxygen. Thereaction’s speed was measured using the
concentration of SO, at thereactor outlet (TABLE 8).

TABLE 8: Influence processconditionson theyield of SO,
coming from sulphur oxidation by O,; S,=6.3mole%; O,=
7 moles %

SO, concentration at thereactor outlet

Tempféatur& (mole %) with flow rate, h™
3000 6000 9000
250 0.08 0.06 0.02
450 0.10 0.09 0.06
600 0.22 0.20 0.17

Asinthepreviousreaction, theoutput of the sulphur
reaction with oxygen increases with temperature and
contact time. For aflow rateof 3000 h*, H,Sand SO,
concentration did not go above 0.22 moles %.

DISCUSSIONAND CONCLUSION
The performances of the Claus method depend on

theconcentrationin H_S. Tothebasic reaction H, .S+
0.50, - H,0 + (1/x)S, was added the forming of
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TABLE 9 : Temperature effect of catalyst burning on its
activity in H_S oxidation. Volumical speed= 6000 h*, time=
10h; H,S concentration=3mol % ; O,/H,S=0,70;
temper atur e=600°C

Calcination temperature®C 650 700 800 900 1000

H,S Conversion % 95 94 95 80 60

SO, withinthe systemthrough thefollowing reactions:

H,5+150,>H,0+S0, 6)
xS, + 0, SO, 7)
2H,5+ S0, ¢ 2H,0 + 3/xS, ®)

All theseexothermic reactionstake placein contact
with acatalyst made up of metallic oxidesaswell asin
a gaseous stage at a high temperature. The thermal
oxidationof H.Shy O, startsat t > 350°C and that of
H,Sby SO, at t = 350°C. Thus, for a contact time of 9
seconds and at t = 350°C, H,S oxidation by SO,
reaches 12%. Thisshowsthat theH,Stherma oxidation
iseasier than that H,Sby O,. At t=700°C and for a
contact timeof 9 seconds, H,S conversion reaches 70-
80%if theoxidation occursinthe presenceof O, and it
isat 50% whenit occursinthe presence of SO,. The
conversioninsulphur dependsonthe O, concentration.
Thelimitationof O, intheinitial mixture(O,/H,S=7)
hel psobtain, during thetherma stage, 70% of elementa
sulphur at temperaturesranging from 350to 700°C.

Oneof theproblemsthat oneencountersinusing a
catalyst madeup of metdlic oxides(Cr—Fe—Zn) during
thethermd stageof the Claus processisthat of choosing
thetemperatureinterval. The catalyst chosen for this
experiment wasactiveat t = 200°C. The upper limit of
temperatureindicatesthethermostability of the catalyst
used. 10 hours calcinations at atemperature ranging
from 650 to 800°C do not cause obvious changes of
the catalytic activity.

When the cal cinations temperature was raised to
900°C, H,S conversion decreased by 15%. Anincrease
intemperaturefrom 700 to 800°C for a short period of
timedid not causeanotablechangeof theH_Sconversion
rate. The increase in the temperature of the gaseous
mixturein the adiabatic reactor dependson thequantity
of H_Sused and onthesdlectivity of itsoxidaioninbasic
sulphur or in SO, Thisincreaseintemperature depends
very dightly onthenumber of atomsof themolecule of
sulphur (S) formed. Sulphur trioxideof sulphur (SO,) is
not formed during the experiment. Although H_S has
increased inthe gaseous mixture, SO, yield decreased
(Figure 3). The temperature and the oxygen

concentrationinthegassousmixtureareimportant factors
for the regulation of oxidation chemicas and H,S
conversion. For aratioO,/H,S>1, H,Sconversionis
closeto 100%. Thisconversion isindependent of the
experimenta temperatureandinthiscase, the SO, yield
increased (Figure 3).

Indeed, itisonly when the oxygen concentrationis
lowered that one can get abetter selectivity in sulphur.
The temperature change in the reactor does not go
beyond 400°C for a H,S conversion of 46 to 49%.
Theresultsobtained justify the use of acatalyst made
up of metalic oxides (Cr—Fr—Zn) in the 1% stageof the
Clausprocess. It permitsredising theoxidation of H_s
withahigh sdectivity and obtainingahighlevedled output
inbasicsulphur.
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