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unit. However, as mentioned earlier swings 
in the ratio have an effect on the tempera-
ture in the furnace and the ratio should be 
monitored at the inlet of the Claus plant to 
take pre-emptive actions to properly set the 
furnace temperature according to the incom-
ing gas mixture.

Lean of peak, rich of peak 
The H2S/SO2 ratio in a typical Claus unit 
should be controlled as closely as possible 
to 2:1. However, there are instances that 
require different ratios, which come about 
in more complex Claus unit configurations. 
The first example would be when the sulphur 
recovery unit has a tail gas treatment unit. 
The tail gas treatment unit is affected by 
SO2 and precautions are taken to ensure 
that this component is not present after 
the catalytic stages of the sulphur recovery 
units. If there is even 12-12.3% excess air 
the tail gas treatment unit can completely 
fail. The pH of the system drops dramatically 
and the excess hydrogen can drop to zero. 

When a tail gas treatment unit is used in 
the plant design, the air demand is run on 
the lean side, which chokes the SO2 produc-
tion and keeps a 4-5:1 ratio of H2S/SO2. A 
second example of running off peak is for 
SUPERCLAUS units. SUPERCLAUS units 
operate using the absolute value of H2S as 
a point of control instead of the 2:1 ratio.

Efficiency improvement by feed 
forward control 
SRU plants often process gas of unknown 
and fluctuating compositions coming from 
a variety of process units in a refinery. 
Feed forward control is key to handling 
these fluctuations. 

One of the difficulties process analyser 
manufacturers face is the measurement of 
unknown process gas compositions. The 
other challenge is that the measurement 
must be very fast. The process gas needs 
to be measured right at the inlet of the 
Claus reaction furnace. The reaction time 

of the process gas in this reaction cham-
ber is around three seconds, so any meas-
urement taking longer becomes useless. 
In addition, ensuring the safety of refinery 
operating personnel is of paramount impor-
tance as the gases being measured can 
potentially contain up to 90% hydrogen sul-
phide (H2S), one of the most toxic gases in 
a refinery. Having a simple, easy to under-
stand and operate sampling system elimi-
nates human errors and improves safety.

AMETEK Process Instruments has intro-
duced a measuring system which meets 
these challenges, providing fast, reliable and 
safe measurement of process gas streams 
with unknown composition. End user feed-
back has confirmed its value with several 
users of this feed forward analyser report-
ing, “We decided to install this analyser in 
order to mitigate upsets of our SRU plant, in 
the beginning we were looking at the appear-
ance of upsets, but now we have found the 
instrument is also useful for showing the dis-
appearance of the upset condition as well”.
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Fig. 1: �H2S/CO2 ratio curves
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Process upsets 

The TGTU operation of a sulphur plant 
depends on a smooth operating Modified 
Claus unit, but unless the SRU is handling a 
stable acid gas, e.g. in a small scale natural 
gas treatment plant, this is often not the case.

Unusual process conditions (upsets) 
are never welcome and shouldn’t be con-
sidered as “normal” but in daily life they 
happen, particularly when processing dif-
ferent acid gas streams or sour water strip-
per gas in the SRU. What is important is 
how well the situation can be controlled.

In some cases an upset may cause 
loss of recovery efficiency, resulting in 
higher emissions, which is undesirable 
but manageable, but in other cases, in 
addition to increased emissions, there 
may also be damage to process units. The 
latter can be caused by the breakthrough 
of hydrocarbons. Table 1 illustrates the 
impact of hydrocarbons on the air demand.

The higher oxygen consumption from the 
hydrocarbons will result in an air deficiency, 
which will be measured by the tail gas ana-
lyser and fed back to the process control 
system but only after a time delay (process 
lag time). Furthermore, the tail gas analyser 
only controls the trim air to the Claus reac-
tor. If this is not enough, knowing about the 
condition of the upset will help.

Unfortunately, an accurate and compo-
nent specific measurement is not possible 
in the required time. These measurements 
are only possible with the use of process 
gas chromatographs which take around 5+ 
minutes from the change of the process gas 
to any result of measurement (this includes 

sampling system). The upset may also be 
over before it is reported.

In the worst case scenario, hydrocarbon 
breakthrough, i.e. when there is insufficient 
air to burn the hydrocarbons, may lead to soot 
formation in the first catalytic reactor. Other 
consequences include loss of recovery effi-
ciency leading to higher sulphur emissions.

The TGTU will be forgiving and correct 
for the appearance of hydrocarbons. As an 
increase of hydrocarbons in the feed gas will 
lead to an air deficiency, the H2S concentra-
tion in the tail gas will increase. However 
hydrocarbons can disappear as fast as 
they appear. The control system may have 
just managed to adjust the air flow to the 
reaction furnace so that everything is back 
to the required control set points but if the 
hydrocarbons then suddenly disappear 
there will be too much air fed to the reac-
tor which will increase the SO2 concentra-
tion in the tail gas to unacceptable levels.  
The important question now is whether 
there is enough hydrogen available to hydro-

lyse all of the SO2 into H2S. The following 
CoMo catalysed reactions take place in the 
reducing reactor:

	 SO2 + 3H2 → H2S + 2H2O� (3)

	 S + H2 → H2S� (4)

	 H2O + CO → H2 + CO2� (5)

	 COS + H2O → CO2 + H2S� (6)

	 CS2 + 2H2O → CO2 + 2H2S� (7)

Any SO2 breakthrough into the absorber 
tower will cause irreversible damage to the 
amine, which can be quite costly (costs of 
$40-50 per litre are not uncommon for spe-
cific amines). In this scenario, bypassing 
the absorber is the only option. There are 
two bypass options:
l	 bypassing the entire TGTU  
l	 bypassing at quench tower outlet 

Both options are illustrated in Fig. 2.  
Process gas analysers (AT4, AT5 and 

AT6) can help to mitigate the worst case 
scenarios of 1) damage to the absorber 

Compound Moles O2 per mole HC Ratio of O2 needed per mole HC 
compared to mole of H2S

Methane 2 4

Ethane 3.5 7

Propane 5 10

Butane 6.5 13

Pentane 8 16

Hexane 9.5 19

Source: AMETEK

Table 1: �Impact of hydrocarbons on air demand
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amine and 2) bypassing the TGTU for an 
extended period of time.

In some plant setups both measurement 
options are utilised in the TGTU. AT4 moni-
tors SO2 concentrations, to prevent damage 
to the amine found in the absorber. AT5 
measures the H2S concentration enter-
ing the absorber, to quantify the amine 
load required. AT6 measures the H2S (and 
potentially COS and or CS2) concentration to 
assist in isolating operational problems and 
quantify contributions to sulphur emissions. 

Recall that the reduction reactor in the 
TGTU converts all remaining sulphur compo-
nents carried over from the modified Claus 
to H2S, which is removed by the absorber 
and recycled to the Claus reaction furnace. 
In order for these reactions to take place, 
a reliable supply of hydrogen is required. 

The graph in Fig. 3 shows the H2 read-
ing as a function of an SO2 excursion. As 
soon as there is a deficiency of H2, SO2 
breakthrough becomes likely. Looking more 
closely at the reactions taking place in the 
reducing reactor (equations 3-7) it can be 
seen that every mole of sulphur also con-
sumes one mole of hydrogen. As such, 
presence of SO2 at AT4 indicates that the 
hydrogen feed should be increased. Some 
users will monitor hydrogen at this point (or 
at AT5 or AT6), to identify whether or not 
too much hydrogen is being injected.

Proper selection, installation and opera-
tion of process analysers can reduce emis-
sions, safety risks and operational costs in 
SRUs.

SRUs have historically been complex to 
operate because of the varying make-up 
of the feed gas streams and the multiple 
thermal and chemical processes used to 
remove elemental sulphur, but AMETEK 
analytic solutions continue to reduce that.

Artificial intelligence – a proactive 
approach to control
Applied Analytics is looking into adding more 
measurements upstream of the thermal 
reaction furnace (i.e. H2S/CO2 in acid gas, 
H2S in amine, H2S in sour gas inlet) and 
incorporating those measurements along 
with other plant specific data into robust 
mathematical models to yield a more effi-
cient and predicable sulphur recovery unit.

The basis behind the artificial intelligence 
(AI) in a plant is that the system would take in 
a series of inputs (in this case this would be 
the process data at all the different analyser 
and instrument points) through an adaptive 
program to learn and optimise the process. 
AI uses what is called a neural network (Fig. 
4) which is a computational approximation 
of how the mind works. The neural network 
is built through the interaction of nodes. The 
data comes in and is run into the first layer, 
layer 1. The data gets combined into a series 
of nodes in hidden layers shown below as 
layers 2 and 3. Each of the nodes in the hid-
den layers performs a function with the data 
and then passes the new data forward. Once 
the information is translated through the hid-
den layers the data is compiled again into 
an output. In this case the outputs would 
be adapted set points for the system. There 
can be a multitude of hidden layers depend-
ing on the required results. Using learning 
algorithms allows for the system itself to 
adapt based on the results, changing the 
parameters of the nodes as the system is 
running to optimise performance. As can be 
seen by the system in Fig. 4 even with as few 
as three inputs the system is making a vast 
number of connections between the data 
and building out correlations based on this. 
A system built like this would be tuned to the 

specific process and the system would be 
able to adapt to the changes in that system.

Using this technology would allow the 
creators of the AI to build in certain param-
eters in which the AI would be able to run, 
ensuring that the process changes were not 
overcompensated for during the onset period 
while the system is learning or by erroneous 
reading. This could also force the system 
into only running in known safe run areas for 
the sulphur recovery unit. Using all the data 
that the system collects the AI could act as 
both a control unit for running the plant and 
it could also create an overview of how the 
plant is functioning, detecting issues long 
before they become problems. This has the 
potential of both giving invaluable informa-
tion on how the plant is running and mainte-
nance that needs to be done before it affects 
the product of the system or the run time.

The recent push for sulphur recovery 
plants to release less sulphur and the 
regulations that are being put in place 
make sulphur recovery a prime candidate 
for AI modifications. Many of the factors in 
the Claus plant affect the efficiency of the 
sulphur recovery unit. The main factor as 
mentioned above is the H2S and SO2 ratio.

This ratio is most generally determined 
by the ratio of oxygen to the acid gas that is 
allowed into the reaction chamber, however 
there are many other factors that affect this 
reaction. Side products are often formed in 
the reaction chamber and beyond creating 
unwanted products their presence can alter 
the expected stoichiometry of the reaction 
and that of the downstream reactions. Addi-
tional hydrocarbons or CO2 in the feed can 
upset the burn temperature leading to more 
side reactions or react with and use up the 
oxygen meant for converting the H2S to SO2. 
These reactions are dependent on the tem-
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