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ABSTRACT

A review has been made of the many variations of
the Claus reaction for recovering sulphur from hydrogen
sulphide., The variations include wet and dry processing in
the presence and absence of a variety of catalysts. Simult-
aneous separate reviews have also been made of means for
generating hydrogen sulphide from pyrrhotite and for recovering

an iron product from the ferrous chloride solutions.
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INTRODUCT ION

In one of its aspects, the Mines Branch Environmental
Improvement Program is concerned with the reduction of sulphur
dioxide pollution of the air utilized for the combustion of
fossil fuels and for the pyrometallurgical treatment of sulphide
minerals. The Program at the present time involves a multi-
faceted attack on the problems associated with both of these
major sources of sulphur dioxide emissions.

In this report series on "The Hydrogen Sulphide Route
to Sulphur Recovery from Base Metal Sulphides', an examination
1s made of the various steps that might be involved in recovering
sulphur directly from sulphide minerals via the intermediate step
of genefating hydrogen sulphide., Alternative methods by which
sulphur may be recovered directly from sulphur dioxide have been
reviewed(l_s). The hydrogen sulphide route was selected for study
because of its inherent flexibility. Sulphur may be recovered
directly from hydrogen sulphide by the Claus reaction, in which
the H,S 1s oxldized with precisely the stoichiometric amount of

oxygen:

2H,S + 0, = 2H,0 + 2S [1]



Or, as an alternative,"the Hés may be used.to‘reclaim the su1phur'
from the sulphur dioxide~produced_by,pyrometallurgical'methods

of treating sulphide ores:-
2,5 + 80, = 2H,0 +38 - [2]

The technology for sulphur recovery from hydrogen
'sulphide is Well established The reactions are virtually
quantitative and they are effective‘With,both’strong and dilute
gas mixtures. v | |

The inherent’flexibility of the hydrogen.sulphide
route for producing sulphur is attractive at the present time
when attempts are being made to reduce‘sulphur dioxide pollution
levels. |

In this series of reports, the methods of generating
hydrogen sulphide from sulphide ores are examined and,. based
on the assumption that the chloride systems are favoured, an
examination is made of the methods of‘recovering-iron products
‘and of regenerating hydrogen chloride. In the present report"
the second of the series, a detailed examination is made of the

Claus reaction and the variety of its applications,




THE ORIGINAL CIAUS PROCESS

A patent was 1ssued to C.F. Claus in 1883(9> for a
process to recover sulphur from calcium sulphide '"alkall waste"
from the Leblanc process for manufacturing soda. "Sulphuretted
hydrogen' (H,S), released by carbonic acid dissolution of the
CaS, was reacted with oxygen or ailr over a catalyst to produce
S according to Equation 1. The principal requirement was that
the molar ratio H,S/oxygen be very nearly stoichiometric, that
is, 2:1.

The first practical application of Claus's invention
was worked out by A.M, Chance and J.F. Chance in 1887(10). The
main function of the process was the controlled oxidation of H;S
in the presence of a catalyst, and it is this phase of the origiﬁal
Claus patent which 1s, to this day, identified as the Claus or the

Claus-Chance process.

Figure 1 is a block diagram of the original Claus process
as constructed by the brothers Chance(lo). The H, S and air were
premixed and the reaction took place in the '"Claus kiln', which
contained a bed of powdered catalyst. Liquid sulphur was with-
drawn from the run-off chamber, and finel& divided solid sulphur

was collected In a series of settling chambers. The effluent
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gases containing residual SO, were washed in a limestone tower
before being discharged to the atmosphere.

The combustion reaction (Equation 1) was highly
exothermic. This posed a considerable problem, since it was
found that optimum H,S to S conversion efficiency was obtained
at an exit gas temperature of 500°F (260°C). In the original
process this temperature was controlled by adjusting the input
gas flow. When the temperature became too high, it was necessary
to discontinue the flow completely. For maximum flow of gas the
kiln was bullt as large as possible to give the maximum heat

radiation.
THE DEVELOPMENT OF CILAUS MODIFICATIONS

The history of the development and use of the Claus

(11), Gamson and Elkins<12),

process has been described by Lunge
Graff(l3), Sawyer et al.(la), and Blohm(ls). Beginning as a
means of treatment of air-polluting flue and coke-oven gases
containing H,S, the method was quickly adopted by the natural

and petroleum gas industry as a means of recovering sulphur from

acld gas produced in gas-sweetening plants.
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There was, as well, én economic inéehtive because in
the late 1940's énd early 1950's there was a shbrtage of'sulbhur
and some indication that Frasch deposifs (of BrimStone)-were'
becoming depleted. The resulting high prices‘and ready gulphur
market led to expansion.of "recovered" sulphur froduction and élSo
to improved'prpéess designs. |

This recovered sulphur broduction has continued to
exfand; In 1950, 95% of the North American sulphur and 82% of
‘the world production came from Fraéch deposits(16). By 1969

" Frasch sulphur accounted for only 337 of the free world sulphur
production(17); the remainder was obtained from various fuel aﬁd
metallurgical recovery proceéses, many of whiéh make use of the
Claus process or one of its modifications. |

As was pointed out in discussing the original Claus
design, the principal difficulties arose from the need to control
the temperatﬁre ofvlargé volumes of gas containing vérying'con-
centrations of H,S under conditions which were highly exothgfmic.

At high teﬁperaturéélthé‘side reaction

S+ 0, =80,

is favoured and results in a reduction in sulphur recovery. The

sulphur species present also depend on temperature, - Sawyer et al.(la)




noted that lower temperatures prevented the undesirable reaction:
S + 2C0, = 2CO + SO,

when one of the dilutants in the H,S is CO,.
Figure 2 shows a modification of the original process
which permitted a measure of temperature control by recirculating

part of the stack gasés to the reactor input(18).

Although this
provided a more efficient conversion of H,S to S, by preventing
the high-temperature formation of SO,, there was little or no
increase in the volume throughput of input gas. The only way
to accomplish this seemed to be by increasing the size of the kiln,
A significant advance in the art was made by

I.G. Farbenindustrie in Germany in 1937. 1In a patent issued to
Baehr and Mengdeh1(19>, and to Barkholt(zo) in 1939, a process was
described i1n which one third of the H,S was burned completely to
SO, under a waste-heat boiler. This was then reacted with the
remaining two thirds of the H,S over a catalyst at a comparatively
low temperature, 700-750°F. Gamson and Elkins(lz) demonstrated

the improvement made by this '"split-flow'" modification by com-

paring the heats of reaction:

In the waste-heat boiler

H,S + 3/20, = H,0 + SO,

AH = 124-138 kcal;
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FIGURE 2: Modified Claus process, in which part of

the stack gases are recirculated to provide
control of the combustion temperature




In the catalytic converter
2H,S + SO, = 2H,0 + 35S
AH = 21-35 kcal;

For over-all combustion in a single reactor
34,8 + 3/20, = 3H,0 + 3S

AH = 145-173 kecal

Thus, only about one fifth of the total heat of reaction
was given out in the catalytic converter. This permitted the
maintenance of lower temperatures in the principal reactor and
greatly Increased the '"'space velocity" in the system. (The space |
velocity i1s generally given in cu ft of H,S converted to elemental
sulphur per cu ft of catalyst per hour(lg).) A diagram of this
modification 1s shown in Figure 3. 1In the usual application of
this modification, sufficient oxygen or air was supplied in the
combustion of one third of the H,S to convert all the Hy;S to S
according to Equation 1,

Another modification was based on a patent by Baehr and
Braus(21) and 1s shown dlagrammatically in Figure 4. All of the
Hy, S-containing gas was burned in a free flame with an amount of
oxygen insufficient to form SO, but sufficient to convert the

H, S to free sulphur. About 60% of the sulphur was separated in

this way in a high-temperature, non-catalytic reactor. The
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sulphur was condensed and collected as liquid_sulphur(zz). The
residuai gases containing H,;S, and oxygengor SOz, were then
reacted over a eatalyst.to recover most of the remaining'sulphur.
In a more recent patent(ZB), Gamson claimed a greater than 75%
yield of sulphur with a non-patalptie?system. Carlson's
modification(zé) involved the useiof less ‘than three quarters of
the stoichiometric oxygen in the primary combustion step., 1In
this way a somewhat lower temperature could be maintained, After
condensing and withdrawing some of the sulphur formed, the
remaining air was added and reacted over a catalyst,

(15)

Gamson and Elklns noted two advantages of this
"straight ~through" design over the split flow method, Firstly,
90 to 95% of the heat of reaction was liberated prior to the
catalytic conversion stage; ' This had the effect of greatly |
increasing the space velocity ih.the systemr' Secondly, the high
percentage eonversion to sulphur’prier to the catalytic reactor
stage caused a lowering‘in the maximum sulphurxdewpoint.

The dewpoint is the temperature.at which sulphur condenses,
aud it is necessary to operate the reactors at temperatures above

this point to,prevent_fouling of the catalet'by the sulphur; In

this straight—threugh,modification it was found that, with a pure
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H,S feed, the dewpoint was lowered from 280°C to 235°C. When

the tall gases were also recycled, as in the Claus modification
shown in Figure 2, Gamson and Elkins stated that the reactor could be
operated at 210°C with considerable increase in primary conversion
and almost complete conversion in two catalytic stages. The

diagram for such a design is shown in Figure 5.

When the H,S gas stream contains carbon dioxide or light
hydrocarbons, it 1s necessary to alter the process(12’14) because
carbonyl sulphide, sulphur, sulphur dioxide, water and nitrogen
may all appear at the combustion temperature (1000°C). The COS

and SO, react to form sulphur according to the equation
2C0S + S0, = 3/2S, + 2CO, [3]

The reactioniis similar to the H,S-S0, reaction given in Equation 2.
However, a higher temperature, about 400°C, was requlred for
complete conversion of the COS. Therefore, to prevent a low
sulphur conversion when the formation of COS is involved, two
catalytic reactors were used: the first was operated at 400°C to
ensure complete reaction in accordance with Equation 3, and the
second at a temperature just above the sulphur dewpoint to give

high H,S conversions(lz’la’zs).
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For the recovery of sulphur from gas streams where
the H,S content is too low to support combustion, or where the
H;S 1s diluted with a high percentage of CO;, it may be necessary
to apply some type of preheating to bring the gases to the reaction
temperature, One way in which this was done(12> is shown in
Figure 6. External preheaters were used for both H,S and air
prior to the catalytic reactor.

Another preheating method is shown in Figurev7(12>.

Some of the collected sulphur was burned in a waste-heat boiler
to form SO, . The preheated SO, and dilute H,S were then reacted
in catalytic reactors. The residual gases were scrubbed with
liquid S before being exhausted to the atmosphere,

Valdes(26> described three methods for preheating or
reheating gases prior to the catalytic reactors. In case 1, heat
from the primary combustion boiler was used to raise the gas
temperature from the sulphur condensation temperature to that for
optimum conversion in the catalytic reactors. In case 2, reheaters
were used to accomplish the same purpose. These reheaters consisted
of small burners fed by some of the H,S feed plus a small amount
of air. 1In case 3, the heat developed in each converter was

recycled to preheat the feed gas to the converter. Gas-to-gas

heat exchangers were used.
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A considerable saving in preheating was obtained by'
use of the "direct oiidation";method described by'Grekel(27).

A typilcal flowsheet is shown in Figure 8. The high-temperature
combustion step was! eliminated and there were two catalytic
oxidation steps in series operating at temperatures much below
1000°F. Grekel claims that the economy over the split-flow
process i1s up to 40%, but that this advantage 1is lost when the

- Hy S concentration‘exceeds 25%¢Vthus necessitating another catalytic
reactor to obtain}anvacceptable S recovery.

There are several other‘plaus modifications and
innovations which areimorthy of,note' Patents by Catchpole and
Cuddington( &) describe a mod1f1cation for reacting HBS with S0,
stoichiometrically, us1ng three catalytic reactors. One was
held at 300°C or higher, .one was- kept near 150°C (that 1s, below
the sulphur dewpoint), while the third was used when the low-
temperature reactor which had become fouled with liquid sulphur
was being regenerated by distillation ' A similar process 1is
described by Thumm et al.(zg).

For Hgs-containing gasesjmixed mith gaseous nitrogen
compounds-—cyanides, cyanogens, ammonia, etc —-relatively high

4030, 31)

combustion temperatures were require to decompose the

nitrogen compounds, The air intake was kept'low to prevent the

formation of SO, .
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Patents. by Stirlen<32), Bgrn<33) and Bahr<34) describe
the recovery of sulphur from the exhaust of an internal combustion
engiﬁe usiﬁg an H,S-containing gas as fuel and a controlled air
intake. A condensétion step before and after a catalytic reactor
removed the sulphur'from the exhaust gases;“'

_Cbnroy et a1,<35) deﬁelopéd_a cyclic-p?bcéss'for
desulphurizing hydrogen sulphide gas. Alr andlsog'ﬁere mixed and
reacted with the H;S in a combustion chamber tovprqquce S according
to Equations 1 and 2, The unreacted H, S and‘uncondénsed S were
then reacted with}air{in a secondafy combuétioh'ghaﬁbep to produce
SO, . This was absorbed in a liquiq, strippedﬁfrém it Ey air
injection, and theﬁ reacted with the inéoming_H@S.»;

A more recent_patent(36) describes ﬁhe reqoééf&'ofjs
from residual gases from a conventionalAcléus plaqt;f After first
cooling the’gases to condense out any elemental S; éiﬁ?o; oxygen
are added at a temperature just above the S dewpointain é bed of
activated carbon. The sulphur formed 1s deposited on the c,
desorbed later by a hot inert gas or with steam, and returned to
one of the cooling stages or to the catalytic convéréion stagé.
The off-gas is claimed'to be completely freevof sulphur,

Methods for recovering elemental sulphur as solid flakes,
raﬁher than molten or solidified block sulphur, are described by

Miller<37).




- 21 -

THE DEVELOPMENT OF COMPACT
SULPHUR PIANTS

Efforts to reduce the capital and operating costs of
sulphur plants have emphasized preheating, reheating and heat
exchanging. Some of the design considerations for a sulphur
plant were listed in 1964 by Valdes(26). The need for economy
was two~fold. Firstly, With the increasing public awareness of
air pollution more stringent regulations on flue gases were
imposed. These required higher conversions from H,S to S in
sulphur plants and generally required another catalytic reactor
to accomplish this., Both capital and operating expenses

d(26). Secondly, there was a need for small sulphur plants

incregse
to treat gases low in H;S.

In general, conventional Claus plants with capacities
less than 20 tons of sulphur per day were considered

(38,39:40). (41) in 1952 made some cost estimates

uneconomic Parker
on sulphur plants and showed that under highly favourable

conditions--plant location, labour, markets, H,S content of gas
treated, price of sulphur, etec.--it might be possible to make a
slight profit producing 5 tons of sulphur per day. Weber(Az)
described the 10-tons-per-day plant built by Lion 0il Company which

operated economically under some such ideal conditions.



Franklin et al.(39) described a simplified desigﬁ which
used a compact furnace-cooler-condenser unit, a pair of catalytic
reactbrs in a single shell, and a compartmentedrliquid sulphur
storage tank. These were built and 1icen$ed,by Pan Ameriéan
Petroleum Company‘in 1957. By 1961 there were eight éuch‘economj
plants in operation, ranging in size from 6 to 70 £ons_per day
in recbvered sulphur‘capacity(4?). By 1965 tﬁere were 49 Pan-Am
packégeAsulphur piants in use, They had capacities frém 1 to 700
long tons per day and were situated in eleven different countries(44).

Other éompact_sulphur piants for desulphurizing
petroleum gases were built by the Ralph M. Parsons Company and
are based on the experience géineﬁ in designing and bﬁilding
more than 100 conventional sulphur installatiéns in various
countries around the world(45). These include, for example,

(46). The

the 877-tons-per-day Petrogas plant near Calgary
Parsons ''packaged'" plants have capacities ermIS to 50 long tomns
of sulphur per day. Chute(43) lists séme of the'advantages.such
compact planﬁs have over conventioﬁal plaﬁts, They are eéonomic'
in both installation and‘oberation; replécement parts are
sfandardized and interchangeable; and there are fewér equipment

elements to maintain., As a result there is considerably less

down-time. Chute notes, however, that packaged plants havé'one



<2_'3,.

disadvantage compared with those that are designed specifically
for a particular case. Some over-capacity is inevitably bullt
Into these designs, causing lack of flexibility and somewhat
lower efficienciles.

Three of the standard Claus modifications already
described are used for these compact plants, depending on the
H, 8§ concentration. The first of these is the straight-through
process which is used for high concentrations. The conventional
flowsheet 1s shown in Figure 5, whilst Figure 9 is a diagram of

the compact design(44).

In this design the complete acid gas

flow is reacted with stolchiometric air in a combustion zone.

This is followed by condensation of the sulphur, reheating of the
unreacted gas, and catalytic oxidation In two stages each of which
1s followed by sulphur condensation.

The second design is the split-flow modification which
is used for somewhat lower H,S concentrations. The principle is
that already described and shown in Figure 3, in which one third
of the H,S is reacted in a combustion zone with sufficient air
to oxidize ali of the Hy;S. The SO, formed is then reacted with

the other two thirds of the H;S over a catalyst to form sulphur,

The compact design of this modification i1s shown in Figure 10(44).
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"The third. of these compact designs 1s the diredt~
oxidation modification and is used for low H,S concentrations.

(

Grekel's design 27),ha$ already been discussed. A diagram of

the packaged plant is shown in Figure 11. -

.- CLAUS CATALYSTS

In his origiﬁal patent(g?,‘claué listed the following
possible catalysts: brick, iron oxide, manganese'oxide; asbestos,
alumina, zinc 6xide, lime, or calcium carbonate. The mést
widely used is alu@iné in one.of=its forms ;: naturallbauxite,
activated aluﬁina,’etc; Graff<13) noted that high surfaée
activity was desiréble in a_sulphur‘cataiyst; Natural bauxite
mixed with 10 to 15% pf hydrétéd iron oxidefﬁas commonly
used(13’29)'and permitted'space velocities of the order of 100,
At the McKamie, Ark. éu1phur plant of the Mathieson Chemicai
Company, the catalyst used ﬁas Porocel, a high-iron, activated

bauxite(14). A French patent describes the‘method for}activating ’

47)

bauxite Catalysts of this type were found to be mechanically
strong, economical to Install and long-lasting in activity.
Several other catalysts have been used or éuggeSted‘iﬁ

the literature. Lindblad and Hefneryd(48) used portland cement,
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smelter cement or gypsum, mixed with pyrite or pyrites con-

(49)

centrate, Mlnz and Cramer claimed 10 to 15% improvemént
over a nafurai bauxite éatalyst by using'?elletized clay and
kaolinf To obtain higher porosity they mixed‘granular
naphthalene with their pellets and burned it off at a low
temperatufe, Carbonaceous materials such as active lignite coke,
peat'qoke or charcoal, pretréated wiﬁh superheated steam at
700-900°C, were used as sulphﬁf catalysts by Bankowski
et al.(SO’Sl). o |

Gfiffith et al;(52) foﬁn& that nickel or cobalt
sulphides were true catalysts for ﬁés to S conversions. They
could be used in several forms: -shaped pieées,'brokeﬁ or graded
coke, as a powder suspension, or deposited on a carrier. Space
rates up to 1100 were obtainéble, and low operating temperatures .
(<100°C) were possible. In patents by Spillane(SB), H,S-to-§
catalysts were formed from a mixture consistiﬁg of an alkéli
sulphidé (20 to 40%) and one or more metal sulphideé_(Ni,'Co,
Mn, Cd, Sn, Al) supﬁorted on a éarrier., Conversion temperatures
were from 80 to 400°C. Rottig and Haniéch(54? describe the use
of a Ni sulphide catalyst deposited on aﬁ inert carrier. A
temperature of 150-300°C was used, thus maintaining sulphur in

the molten state, The'nickel'sulphidé was prepared by reducing
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oxides, salts and ores of nickel with hydrogen and sulphiding
them with H,S. Marsh and Newling(ss) found that any readily-
sulphidable material, as well as activated carbon, was a suitable

(56)

sulphur catalyst. In another patent , aqueous solutions of
aluminum salts - AlCl, or A12(804)3 - were deposited on or
mixed with natural or synthetic Al,0, or bauxite containing
water of hydration.

Mel'nikova et al.(57) studied the change in activity
of various catalysts with time in a Claus reactor used to
desulphurize gases produced by roasting sulphide ores. After
several hours of deterioration in service, the catalyst became
stabilized. They suggested that the initial decrease was due
to thermal dehydration of the complex hydrated alumina silicates.
This caused some loss in catalytic activity. The stabilization
was probably caused by the opposing effect of metal sulphide
catalytic activity.

A recent French patent describes the use of ammonia
~gas or aqueous ammonia solution to reactivate alumina or bauxite
catalysts(ss).

In summary, then, it would appear that economy has

dictated the choice of a readily available and relatively cheap

catalyst such as bauxite or alumina. It seems clear too that a
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porous, open structure is deSirable to obtain high space
velocities, Methods for obtaining this are availablé,'but their
use is related to cost. The need to regenerate catalysts which
became fouled with sulphﬁrwwould seem to obviate the use of

catalytic reactor temperatures below the sulphur dewpoint.

OPTIMIZATION AND CONTROL IN
CIAUS PIANTS

The principal controls required to optimize the
recovery of S from HyS by the Claus method are involved in
maintaining,the very‘accurate 2:1 ratio between the H,S and the
oxygen, according to Equation 1. Valdes(sg)_and Smalley and
Klohr(60) have shown thé serious reductions in conversion
efficiency caused by even small deviations from the stoichiometric 2,

Anderson(61) noted, however, that control of the H,S/0
ratio at the combustion stége was‘difficult because of variations
in H;S content, gas flow rates, amoﬁnt of diluting hydrocarbéns
and CO,, etc. Also, as pointed outvpreviously, thé combustion
step is highly exothermic and femperature control which would

permit accurate gas-ratio control was difficult. He noted that,

when H,S was added to SO, below a H;S/SO, ratio of 2, an
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abnormal increase in temperature occurred that was proportional
to the oxygen content. Similarly, there was a sharp decrease

in temperature, proportional to oxygen content, when the ratio
was greater than 2. Anderson's patent made use of these
relationships to control the air flow inputted to the combustion
stage.

Karasek(62) describes a flow sheet in which the flow
of gases into and out of the catalytic reactor and from the stack
is monitored and used to control the input air flow to the waste
heat boiler, A gas chromatographic analyzer for use in such a

(63)

system was described by Fraade He pointed out the importance

of steam-jacketting the analyzer to keep the sulphur in the

(64)

liquid state. Hensley's patent used control valves that were
responsive to temperature, pressure and flow, to maintain a
constant reaction temperature of 475 £ 5°F (246°C) and an accurate
2:1 ratio of input H;S to SO, .

The instrumentation reduired for controlling conditions
in a split-flow sulphur plant was described by Jones(65). Two
anerold-type ratio flow controllers were used to maintain the
two-thirds/one-third separation of the input H,S and also the
stoichiometric 2:1 H,S to O, ratio. These controllers were easily

adjusted to compensate for changes in pressure, gas composition,

etc, A temperature controller was used to maintain the optimum
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temperature of the liquid sulphur produced.

With regard to the optimum.temperature for handliﬁg
l1quid sulphur, Smalley and Klohr (®®) call attention to the
sharp increase in sulphur viscosity that occurs at about 300°F.
McCarthy(66) giveslthe limit as 328°F. OQerheating'of the
11quid sulphur must be avoided to prevent difficulties in 1iquid
transport. These same authors show, however, that the increase
in viscosity is not-as~gfeat when some H,S 1is dissolved in the
liquid sulphur.

A computef system for optimization of some of the
basic Claus modifications has been given by Opekaf énd Goar(67).
In their system, compufation of the individual steps in the
process, 1.e. burner, converter, condenser,: etc.,, were combined
to give a calculated pércent conversion. Another complex system J

has been described by Carmassi(®®)

to obtain optimum recovery of
sulphuf and minimum air pollution, i.e. ﬁinimum SO0; or HyS in
the stack, in a‘Frenchlclaus plant.-'

In summary, then, the standardiZed design éf Claus

plants appears to lend itself to automation and the use of

control equipment and computerization.
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SULPHUR REMOVAL FROM H,S IN LIQUID MEDIA

A number of methods for recovering sulphur from
hydrogen sulphide involve the Claus reactions (Equations 1 and 2)
in a liquid medium. Historically these methods have, for the
most part, originated from the sweetening treatment of natural
or petroleum gases containing varying amounts of H;S. Many of

(14)

these processes have been reviewed in papers by Sawyer et al.
Blohm(ls), Zurcher(zs), and Parker(AI).
It has been common practice to use an absorbent to

remove the H,S from sour gas and then to recover sulphur from
the desorbed H;S by the conventional Claus process. However,
gsince the absorption step is generally done in a liquid, it has
been found possible, in some cases, to recover at least part of
the sulphur in the absorbing liquid or in the step through which
the absorbent is regenerated,

| The Thylox process(69) is an example of this latter
system. Sodium thioarsenate is the absorbent for H,S and it is
regenerated by oxidation to form sulphur, which -is then recovered

by filtration. The Giammarco-Vetrocoke and Stretford processes

are also of this type(7o). Patents by Udy(71) describe the use
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of alkali metal sulphite solutions for the recovery of sulphur
from H, S al;xd SO, . |

Another example is the work of Towneﬁd,'Arlington and
Kelly(72), who bubbled SO, into an aqueous solution of 0.5 to
5% Al, (SO, )s and 1 to 5% H,80,. Sulphur was precipitated when
the solution was cqntacted with the input H;S, at the same time-
regenerating the'sulphate solutions. Sbme of fhe sulphur that
formed was burned in air to prodﬁce S0, to fecyc1e. A French

patent(73)

used an aqueous solﬁtion of ferric éhlqride, acetic
acid and‘calcium cltrate to wash an H,S-containing gas to recévér
elemental sulphur. The solution was regeﬁérated'by bubbling-in
oxygen gas at 50°C.

A sdméWhat:similar approach is described in a paper
presented at a recent meeting of the Mining Society of the,AIME(74);’
- The process used a sodium aéetate solution to absorb SO,. Sulphur
was formed whén H, S was reacted with this solution. The sulphur
was filtered and the solu;ion‘reCycled{- When the'précess was
used to desulphurize SO, gas, HéS'waslgenerated by reacting somé
of the sulphur ﬁith methane and:steam. A’Germaﬁ.patent(75)
déscribed the use of an alkali polythioﬁ&te_Solution in which the
Claus off-gases (H,S + S0,) were reacted in a'spfay nozzle. The

sulphur formed was removed by filtration.
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In another approach, oil refinery gases containing
H,S were partly oxidized to form a stoichiometric mixture of

H,S and SO, , and then cooled to 100°-150°F(76).

After reacting
in H,0 at 70°-130°F, molten sulphur was separated by heating

to 250°-300°F under pressure, Mathieu(77’78) found that sulphur
could be precipitated from H,S and SO, in a neutral aqueous
solution of salts of univalent ilons such as NaCl, KCl and NH,CIl.
Lesser amounts of multivalent ions such as Mg++, Ca++, A13+,
SO4--, sqa" and P043- were required fo? precipitation., It was
noted that sea water supplied the proper salt concentrations, and
good recoveries of sulphur could be obtained. It was found
necessary, however, to neutralize the sea water with an insoluble
alkali before recycling.

A patent by Butler et al.(79)

describes the '"submerged"
combugstion of H,S-containing gases in either sulphur or water
baths. The sulphur bath was maintained at 230°-320°F. The new
sulphur formed was mixed with the bath and some of it was con-
tinuously withdrawn. .Solid colloidal sulphur was obtained from
a water bath operatédnat a temperature below the melting point of
sulphur and at a pressure between 1 and 10 atmospheres. 1In an

(80

Italian patent ), H,S was permitted to react with water in

which SO, was dissolved. The precipitated sulphur was removed
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by filtration and the water recycled., Sato and Ishizuha(gl)
absorbed H;S in water and described apparatﬁsiby which the
solution was sprayed in fine droplets into-air. Colloidal
éulphur wasqurmed and was accumulated in CS, . Schallis(gz)
and Ross and Wilde(83) found that, when H,S and SO, in a'2:1
molar ratio was bubbled into a cold water—acid‘301Ution, the
resulting sulphur was mostly insoluble in CS, . Another patent .
by Wilde(gé) described a method for ensuring the formétion of
crystallihe sulphur. This was accomplished by keeping the H,S
to S0, ratlo between 3'aqd 15 tiﬁes the stolchiometric 2:1-
requirement. .

Organic liquids have also been employed as absorbents
for'stggs) and SO, . The Townsend process(86’87’88) is an
éxample. It made use éf aqueous éolutions, containing less than -
10 per centlHéO, of di- or triethylene glycol, propylene glycol
or_their;ethers or esters, as both reaction media and'catalysts.
A conventional.spiit-flpw system, in which one third of the HQS
was burned ‘in alr to form SO, ahd mixed with the remaining
two third of the H;S, proﬁidedfa'stoichiométfic H,S-S0, gas -
mixture.~ The reaction of this gas 1n the organic sélution

produced sulphur. The solution was decanted and regenerated by

heating to remove dissolved SO, and excess HQO formed in the
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reaction. The sulphur was heated above its melting point and
collected as liquid sulphur.
(

Deschamps 89) found that the use of a catalyst improved
the efficiency of the glycol method. The catalysts tested were
alkali mono- or dialkylphosphates, used either in solution or on
solild carriers. Andreev(go) has examined some of the
characteristics of the glycol method. High-purity sulphur is
produced, essentially free from arsenic which may be a contaminant
when the Thylox method 1s used. A finely dispersed sulphur may
be obtained without further size reduction. He points out,
however, that, because of the necessity of recovering excess SO,
from the solution and from the sulphur, there is little advantage
in using more than one reactor.

In a series of patents by Urban, Stolfa et al.(91’92’93f94),
processes are described in which aqueous organic liquids (esters,
carboxamides, or soluble aliphatic alcohols) containing up to
40% of H;O0 by volume, were reacted with H,S and SO,. Crystalline
sulphur was precipitated and the H;0 produced in the reaction was
removed by distillation from the organic solution before the
latter was recirculated,

Gurevich(gs) passed H,S and SO, through molten

naphthalene; the sulphur was recovered by using an organic
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solvent, WierwioroWski(96)'uSed an ethylenediamine (or similar
nitrogen—containing compound) as catalyst to promote the reaction
between‘HQS and SQ? In molten sulphur. Partially wateresoluble
tetra~substituted uréé was used as reaction medium by
Metallgesellschaft A;fG.(gj).

A recent review(98) briefly describes éome of the

currently-used solvent processes for gas sweetening, many of

which yileld a sulphur product. In particular, attention is drawn N

to the use of molecular sieve compounds with liquid media(gg’loo)

The use of liquids as media for reaction between H,S

and S0, has permitted a study of the mechanisms involved, using

(101) ged §3% to

radioactive tracers. Van der Heijde and Aﬁen
label alternatively the H,S and the S0, for the cases in which
eithef cémponenté was In excess. The specific activity of the
| sulphur 6btaiﬂed in the reaction was measured and compared with
that of the labelled reaction partner. The reéults showed that
the Aain portiQn of the elemental sulphur was formed by means of ‘
ﬁhe 2:1 stqichiometfic rafio HLQSVIV:O'SO8 of Equation 2. There
‘seemed fo be no indicatlon of the formation of intermediate
compounds during the time that sulphur was being formed, |

In this part of the report, a/number of methods for

recovering sulphur from H;S gas, by the Claus method in liquid
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media, have been examined. There 1s, however, very little
information on which to base a comparison or to estimate their

(86)

relative merits. The Townsend glycol process is claimed to
be more economical that the gaseous Claus process and to produce
comparable yields and purity of sulphur, The sodium citrate
method(74) appears attractive since it has been well worked out
and can be used for the treatment of elther H;S or SO;. The use

of a widely availlable medium like sea water(78) is certainly an

interesting possibility,
CONCLUSIONS

Modifications to the Claus process, by which elemental
sulphur 1s recovered from a étoichiometric 2:1 mixture of H,S and .
oxygen or S0, , are availlable for mixtures having low, medium or
high concentrations of H,S as well as varying proportions of
diluting gases such as CO,, mercaptans, etc. Both high-temperature
(dry) processes and those in which sulphur.is precipitated in
inorganic solutions or in organic liquids (wet processes) have
also been devised. High percentage recoveries of sulphur are
possible in both systems and a high-purity product may be obtained.
Compact sulphur plants have been designed to permit efficient

economical recovery of sulphur from small deposits.
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