
-- .. 

P54063 

200105617-5 I 
1 1 SEP 2001 

Title: Process for the selective oxidation of hydrogen sulphide to elemental 

sulphur 

The invention relates to a process for the selective oxidation of 

hydr~gen sulphide, present in gas mixtures, to elemental sulphur. 

The necessity of purifying gases, which are further treated in 

chemical processes, or supplied to buyers, or discharged to the atmosphere, 

5 from sulphur compounds, in particular hydrogen sulphide, is generally known. 

Accordingly, there exists a number of processes which are directed towards the 

removal of hydrogen sulphide from gas. 

The best known and most suitable process for removing sulphur 

from gas by recqvering sulphur f:r.om hydrogen sulphide is the so-called Claus . 

1 o process. In this process hydrogen sulphide is converted by oxidation to a 

considerable extent into elemental sulphur; the sulphur thus obtained is 

separated from the gas by condensation. The residual gas stream (the so-called 

Claus tail gas) still contains some H2S and 802. 

The method of recovering sulphur from sulphur containing gases·by 

15 the so-called Claus process is based on the following overall reactions: 

2 H2S + 3 02 ~ 2 H20 + 2 802 (1) 

4 H2S + 2 S02 ~ 4 H20 + 6/n Sn (2) 

2 o A conventional Claus converter - suitable for processing gases 

having an H2S content of between 50 and 100 % - comprises a burner with a 

combustion chamber, a waste heat boiler and a sulphur condenser the so­

called thermal stage, followed by at least one catalytic stage comp.rising a 

reheater, a reactor filled with a catalyst, and a sulphur condenser. 
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In the burner and combustion chamber, the incoming gas stream, 

which is rich in H2S, is combusted with an amount of air, so that one third of 

the H2S is fully combusted to form 802 

After this partial oxidation of H2S the non-oxidised part of the H2S 

s (i.e. basically two-thirds of the amount offered) and the S02 formed react 

further in accordance with the Claus reaction: 

10 This Claus reaction takes place in the so-called thermal stage 

(during and after the combustion) and in the subsequent catalytic stages, 

usually two. 

. .In the Claus process, H2S is not quantitatively converted to· 
1· . . .. '.·. 

elemental sulphur, mainly due to the fact that the Claus reaction is an 

15 equilibrium reaction and therefore the conversion of H2S and 802 to elemental 

sulphur is npt complete (see reaction 2a). 

A residual amount of H2S and 802 remains. Now, generally .it is not 

allowed to discharge residual gas containing H2S to the atmosphere, and sq_ the 

gas is oxidised, with the hydrogen sulphide and other sulphur compounds as 

2 o well as the sulphur vapour and sulphur mist present in the gaseous phase 

being oxidised to sulphur dioxide. With the environmental requirements 

becoming stricter, this will not be allowed anymore because the sulphur 

dioxide emission involved is too high. It is therefore necessary to further treat 

the residual gas of the Claus installation, the tail gas, in a tail gas treater. 

25 Tail gas processes are known to those skilled in the art. The most 

well-known tail gas processes are the SCOT process, the BSR Selectox process, 

the Claus sub-dewpoint processes such as Sulfreen, CBA and MCRC, and the 

Superclaus™ process. 

In the Superclaus'J'M process, as disclosed in US patent specification 

3 o No. 4,988,494, the H2S concentration in the gas leaving the last catalytic Claus 
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stage is controlled to have a value ranging between 0.8 and 3 % by volume by 

reducing the quantity of combustion or oxidation air passed to the oxidation 

stage. 

In the process according to this patent, the H2S is selectively 

5 oxidised to elemental sulphur in a dry bed oxidation stage. 

10 

In WO-A 0010693 a process is described, wherein a Claus tail gas is 

first hydrogenated to remove 802, prior to subjecting the hydrogenated gas to 

a further treatment such as a selective oxidation of hydrogen sulphide to 

elemental sulphur. 

These processes have in common that it is tried to improve the 

recovery of sulphur from the gas-mixtures by optimising the sulphur recovery 

in the selective oxidation stage with respect to content and distribution of 

sulphur species in the feed gas. However, there still remains room for 

improvement, especially in the selective oxidation step. It has been found that 

15 the sulphur yield in the selective oxidation step, i.e. the amount of hydrogen 

sulphide that is converted to elemental sulphur, and that is recovered in the 

downstream sulphur condenser, can b_e further improved through a careful . 

control of certain process parameters. 

In the selective oxidation stage air or oxygen is added to the 

2 o hydrogen sulphide containing gas coming from the last catalytic Claus stag~. 

25 

The oxygen reacts with hydrogen sulphide over a catalyst to sulphur according 

to the reaction: 

(3) 

The sulphur yield is restricted by the following undesired reaction: 

(4) 
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An excess of oxygen compared to hydrogen sulphide promotes 

reaction 4, and leads to a loss in sulphur yield. As reaction 3 is exothermic, the 

result is a relatively strong temperature increase, which is also favourable for 

reaction 4. 

In the process described in US-A 4,988,494 the control of the amount 

of oxygen to the selective oxidation reactor is done using an analysis of the 

oxygen content of the product gas of the selective oxidation and a feed back 

control loop. 

It has been found that this system is rather unreliable with respect 

1 o to analysis of oxygen content, and requires high maintenance costs. Further 

the response is rather slow, with the result that it is difficult to react 

sufficiently fast to variations in hydrogen sulphide content of the feed gas and 

plant capacity changes·. In view of the unreliability of the analyser and the· , 

slow feedback control loop, there is a tendency to maintain a too high excess of 

15". oxygen, resulting in a decreased yield on sulphur. 

The invention is based on the surprising discovery, that the oxygen 

content in the outlet of the sele.ctive oxidation reactor can be .. controlled at a 

fixed, predetermined value, to obtain and maintain a high sulphur yield. 

Additionally it has been· noted that controlling the temperature profile over the 

2 o reactor, in combination with control of this oxygen content, can provide a 

distinct improvement in sulphur yield, or in other words can decrease the 

sulphur losses and consequently the sulphur emissions substantially. 

Accordingly, in a first aspect the invention is directed to a process 

for the selective oxidation of hydrogen sulphide to elemental sulphur, said 

2 5 process comprising feeding a hydrogen sulphide containing gas to a bed of a 

catalyst that promotes the selective oxidation of hydrogen sulphide to 

elemental sulphur, together with an oxygen containing gas, whereby the 

amount of oxygen in the gas-mixture leaving the selective oxidation bed is kept 

substantially constant using a feed forward control of the amount of oxygen 

3 o containing gas to be fed to the selective oxidation. 
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In this respect the term 'substantially constant' means that the 

control is set in such a way that it aims at keeping the oxygen content at the 

pre-set level ± 5%. The actual value of the oxygen content is determined iii· 

dependence of the various process conditions, capacity, space velocity, type of 

5 selective oxidation catalyst and the like. 

The pre-set value of the oxygen content in the outlet of the selective 

oxidation is usually between 0.1 and 5 vol.%, more.in particularly between 0.5 

and 1.5 vol.%. 

In a Feed Forward Control of the oxygen content the total process 

1 o gas flow (kmol/h) to the selective oxidation reactor should be known. In a 

sulphur plant it is practically impossible to measure a flow of gas containing 

sulphur vapour. For this reason, the plant capacity or total process gas flow 

· can be determined by measuring the combustion air flow and/or the acid gas 

flow to the main burner, and converting this fl.ow using a suitable factor. A 

15 further input value should be the hydrogen sulphide content in the process gas 

to the selective oxidation reactor, as this content determines the oxygen 

consumption and will consequently influence the outlet oxygen concentration. 

More hydrogen sulphide in the process gas requires more oxygen to the 

selective oxidation reactor. 

20 This hydrogen sulphide content can be measured by an in-line H2S 

analyser in the process gas upstream of the selective oxidation reactor. 

The third factor, the pre-set value of the oxygen content of the 

product gas of the selective oxidation stage will also play a role in determining 

the amount oxygen to be fed to the selective oxidation. A higher pre-set value 

2 5 of the oxygen content of the outlet requires more air to the selective oxidation 

reactor. 

With the above three factors, pre-set and measured, an effective feed 

forward control loop can be established. 

In addition to this feed forward control of the oxygen content in the 

3 O reactor outlet, it can additionally be advantageous to impose a specific 
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temperature profile over the reactor, thereby ensuring an optimal sulphur 

selectivity of the selective oxidation. More in particular this temperature 

profile comprises that the temperature rise at 50% of the bed height (ATsci) ·is 

between 45 and 75 % of the temperature rise (AT) in the reactor (AT= Tout -

5 Tin). The value of ATso can be controlled by varying the inlet temperature, 

using suitable heat exchange equipment. This means that the value of Tso, the 

temperature at 50 % of the bed height, is between Tin+ .45 *AT and 

Tin+ .75 *AT 

In the process of the present invention the selective oxidation is 

1 o carried out over a bed of catalytically active material. The catalyst in this 

process is preferably anyone of the catalysts described in US-A 4,818740, EP-A 

409,353, WO-A 9507856 and WO-A 9732813, the contents of which is included 

herein by way of reference. 

Mo~~ in part1cular such a catalyst may be a supported catalyst, 

15 having a support that is not catalytically active towards the Claus reaction, 

and comprises as catalytically active material at least one metal compound, 

such as an oxide. As metal it is preferred to have iron, chromium, iron and 

chromium, or iron and zinc. The catalyst may optionally be promoted with ene. 

or more promoters, such as alkaline materials, phosphorous compounds, 

2 o cerium, tin, antimony- and the like. The amount of support is preferably 

between 25 and 99 wt.% of the catalyst. It is also possible to use unsupported 

mixed metal-oxide catalysts, such as iron-/zinc-/titanium-oxide catalysts or 

another catalyst that is suitable for the selective oxidation of hydrogen 

sulphide to sulphur. 

2 5 The selective oxidation is usually carried out at a reactor inlet 

temperature within the range of 160 to 300°C. Due to the exothermic nature of 

the oxidation reaction, the temperature of the (gas in) the reactor ~ises as the 

gas passes through the reactor. When the gas leaves the reactor, it usually has 

a temperature of up to 350°C. 
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In the attached fig. 1, the temperature profile over a reactorbed of a 

selective oxidation reactor has been given. In this figure the reactor inlet 

temperature has been set at 210°C. The reactor outlet temperature has 

increased to 270°C, due to the exothermic nature of the oxidation of hydrogen 

s sulphide to elemental sulphur. The T5o should then be controlled between 

255°C, (Tin+ 75 % of the total AT) and 237°C (Tin+ 45 % of the total 8.T). 

10 

The invention is now elucidated on the basis of the following, non­

limiting examples. 

EXAMPLE 

The effe.ct of a varying oxygen concentration in __ the product gas of a 

selective oxidation reactor (using conditions as disclosed in· l]f? 4,988,494 and a 

15 catalyst in accordance with EP-A 409,353), is illustrated in the following table. 

20 

Case H2S in (vol.%) 02 out (vol.%) Tin (°C) Yield to·S(%) 

.. 

1 1.0 0.5 210 93.4 

2 1.0 1.0 210 86.2 

3 1.0 1.0 200 94.2 

4 1.0 0.5 200 85.4 

In case 1 the optimum conditions for the selective oxidation has been 

established, resulting in a yield to sulphur of the incoming H2S of 93.4%. 

In case 2 the oxygen in the outlet has been increased to 1.0 vol.% as 

a result of a plant capacity decrease. The reactor inlet temperature. was kept at 

210°C. Now the yield to sulphur has been dropped significantly as a result of 

the inc1·eased oxygen content and an increased 802 formation. Subsequently, 

the reactor inlet temperature was decreased to 200°C and the yield to sulphur 
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is increased to 94.2%, because less 802 was formed by the oxidation of sulpur 

vapour. 

In case 4 the oxygen concentration has been dropped to. 0.5 vol.% as 

a result of a plant capacity increase. The yield to _sulphur decreased to 85.4% 

s as a result of too low an inlet temperature, resulting in a higher slippage of 

H2S. 
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1. Process for the selective oxidation of hydrogen sulphide to elemental 

sulphur, said process comprising feeding a hydrogen sulphide containing gas to 

a bed of a catalyst that promotes the selective oxidation of hydrogen sulphide 

to elemental sulphur, together with an oxygen containing gas, whereby the 

s amount of oxygen in the gasmixture leaving the selective oxidation bed is kept 

substantially constant at a pre-set value using a feed forward control of the 

amount of oxygen containing gas to be fed to th:e selective oxidation. 

2. Process according to claim 1, wherein the said control is at least 

based on the amount of oxygen in the gas-mixture leaving the selective 

1 o oxidation bed, the amount of hydrogen sulphide to be oxidised and/or the feed 

gas flow. 

3. Process according to claim 1 or 2, wherein the said pre-set value for 

the oxygen content is between 0.1 and 5 vol.%, more in particulal'. between 0.5 

and 1.5 vol.%. 

15 4. Process according to claims 1-3, wherein the inlet temperature of the 

selective oxidation bed is controlled in such a way that the temperature rise at 

50% of the bed height is between 45 and 75 % of the difference between the 

outlet and the inlet temperature. 

5. Process according to claims 1-4, wherein the said hydrogen sulphide 

2 o containing gas is the tail gas of a Claus unit, optionally after intermediate 

hydrogenation of 802. 

6. Process according to claims 1-4, wherein the inlet temperature of the 

selective oxidation is selected between 160 and 300°C. 

7. Process according to claims 1-6, wherein the catalyst for the 

2 5 selective oxidation comprises a support material having applied thereto a 

catalytically active material. 
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8. Process according to claim 7, wherein said catalytically active 

material has been selected from compounds of iron, iron and chromium, or iron 

and zinc. 

9. Process for the removal of hydrogen sulphide from a gas-flow, said 

5 process comprising feeding the gas-flow to a Claus plant and subjecting the 

tail gas of the Claus plant to a process according to any one of the claims 1-8. 

10. Use of a feed forward control of the amount of oxygen in a process for 

the selective oxidation of hydrogen sulphide to elemental sulphur, said process 

comprising feeding a hydrogen sulphide containing gas to a bed of a catalyst 

1 o that promotes the selective oxidation of hydrogen sulphide to elemental 

sulphur, together with an oxygen containing gas, to control the amount of 

oxygen in the gasmixture leaving the selective oxidation bed substantially at a 

constant pre-set value. 
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