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S ulfur recovery units (SRUs) have been utilised to remove 
elemental sulfur from hydrogen sulfide (H2S) rich acid gas 
streams in hydrocarbon processing, refining, and steel 
production plants for over 70 years. Releasing emissions 

containing 50, 60, or 70+% H2S has never been an option, as this 
would be lethal to humans. Burning these gas streams will reduce 
the H2S levels, but sulfur dioxide (SO2) emissions would be a 
result, meaning this is not an acceptable option either. 

Modern SRUs have been designed to use the Claus process 
and have historically achieved 90+% recovery of elemental sulfur, 
significantly reducing the amount of H2S and SO2 released to the 
environment. However, <99% recovery is no longer acceptable to 

many global regulatory agencies, so various plant designs and 
additions have been developed to achieve sulfur recovery rates 
of 99.8% or even 99.9%. This article focuses on the continuous, 
analytical gas measurements that can be performed in tail gas 
treatment units (TGTUs) or tail gas cleaning units (TGCU) to 
ensure reliable, efficient, and safe operations in the effort to 
reduce sulfur emissions from the SRU. Figure 1 provides 
an inlet to outlet overview of an SRU that contains a 
TGTU.

A TGTU is designed to receive the gas output from 
the Claus unit, referred to as the tail gas, and further 
capture, and therefore reduce, sulfur compounds that 
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will be released from the plant. Compared to the feed 
gas at the start of the Claus unit, a typical tail gas stream 
will contain much lower levels (<5%) of sulfur 
compounds – such as H2S and SO2 – at the TGTU inlet, 
and these will ultimately be lowered to ppm levels at 
the emissions stack outlet. 

The sulfur compounds are converted to H2S and 
removed through a series of processes that incorporate 
thermal and chemical elements as shown in Figure 2. 
TGTUs almost always include an inline heater or burner, 
a reduction reactor including a catalyst (such as cobalt 
molybdenum [CoMo] or other proprietary active 
material), a quench tower, an absorber, and a 
regenerator. 

TGTU operational overview
 n As shown in Figure 2, the Claus unit tail gas is mixed 

with fuel gas in the heater/burner to raise its 
temperature as required for proper reaction in the 
reduction reactor. As hydrogen will be required to 
convert the sulfur components to H2S, some TGTU 
burners are designed to generate hydrogen in the 
burner, while other designs include introduction of 
hydrogen prior to the reaction vessel, or rely on 
excess H2 being present in the Claus tail gas.  

n    The combination of heat and a 
catalyst present in the reduction reactor 
converts any sulfur components in the 

Claus effluent – SO2, carbonyl sulfide (COS), 
carbon disulfide (CS2), elemental sulfur (SX) – 
to H2S.

SO2 + 3H2  --> H2S + 2H2O   
(1)

S + H2  --> H2S    
(2)

H2O + CO --> H2 + CO2   
(3)

COS + H2O --> CO2 + H2S    
(4)
CS2 + 2H2O --> CO2 + 2H2S  (5)

n    The quench tower cools the gas 
stream, necessary for proper absorber 
operation.

n    An amine solution is frequently present in 
the absorber. This amine selectively 
captures H2S present in the tail gas 
treatment stream. 
n    Eventually, the absorber becomes 

saturated with H2S and the saturated media is then 
referred to as a ‘rich’ or ‘sour’ amine. When the 
absorbing media can no longer capture H2S as 
expected, it must be regenerated or ‘cleaned’.

n    The regenerator uses temperature, pressure, and a 
residency time to clean the amine. H2S that has 
been absorbed by the amine is released and routed 
back to the front end of the Claus unit for 
reprocessing. The regenerated amine is returned to 
the absorber, where it is again utilised in the capture 
of H2S.

The TGTU effluent gas will ideally contain very low 
levels (<300 ppm) of H2S after treatment and will be sent 
to a thermal oxidiser to convert the H2S to SO2, prior to 
being released to the environment. 

Measuring key gas stream components, at various 
points in the TGTU process, has been performed for 
decades. Based on trial and error, the most valuable, 
reliable, and accepted analytical measurement points in 
a TGTU are located at two locations – one before and 
one after the absorber, referred to as AT1 and AT2 in 
Figure 3

At the first measurement point, the gas stream to be 
sampled has progressed through the reduction reactor 

Figure 1. Typical SRU, with TGTU.

Figure 2. Typical TGTU layout (regenerator not shown).

Figure 3. Recommended analyser sample points.
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and quench tower. Recall that all of the unreduced 
sulfur compounds present at the inlet of the TGTU 
should be converted to H2S after hydrolysis and 
hydrogenation in the reduction reactor, so measurement 
of H2S after the quench tower is considered 
representative of the total amount of sulfur that has 
entered the TGTU. A process gas analyser is now 
commonly installed between the outlet of the quench 
tower and the inlet of the absorber tower to measure 
what is anticipated to be no more than 5% H2S. Process 
engineers can utilise this measurement value to account 
for differences between the amount of elemental sulfur 
that was captured in the Claus unit, with the measured 
sulfur components that were delivered to the SRU inlet. 
Effectively, this is a recovery efficiency measurement.  

Another measurement is also being made in the 
analysers installed at this location. The H2S is typically 
measured with an ultraviolet (UV)-based optical bench, 
but a thermoconductivity detector (TCD) can also be 
added to some analysers to measure residual hydrogen 
(H2). Experts in the design and operation of TGTUs rely 
on excess hydrogen to ensure the unreduced sulfur 
compounds are converted to H2S in the reduction 
reactor. H2 should not be removed in the quench tower, 
so consistent measurements of percent level H2 after 
the quench column is a good indicator that enough H2 
was present in the reduction reactor to convert the SO2, 
COS, CS2 and SX to H2S.

The second location of common gas analysis 
sampling and analysis in the TGTU is after the absorber. 
H2S is again the primary measurement, and the 
concentrations are expected to be much lower than 
they were prior to the absorber. This makes sense, as 
the primary purpose of the absorber is to strip out the 
H2S and send it back to the Claus inlet for further 
processing and sulfur removal. Concentrations of H2S at 
this measurement point are expected to be <500 ppm. If 
concentrations begin to trend up, and H2S 
concentrations prior to the absorber inlet are fairly 
constant, a reasonable assumption is that the amine (or 
absorber) has become saturated and should be 
regenerated. 

Note that the amine concentration may also have 
been ‘poisoned’ with SO2 when the Claus unit 
experiences operational upsets. The air demand analyser 
located at the outlet of the Claus unit will report 
elevated SO2 levels entering the TGTU, but operators or 
systems may not react quick enough to prevent a 
negative impact on the scrubber media. If the H2S levels 
at the absorber outlet remain elevated after 
regeneration of the absorber, there is a good chance the 
scrubber media needs to be disposed of and replaced. 
This is an expensive decision, and is never made without 
detailed analysis and review.

With an increased focus on reducing the carbon 
footprint associated with energy and other materials 
production, frequent regeneration of the absorber 
material is undesirable. This process requires 
considerable energy, and many users are evaluating the 
best way to balance their carbon consumption and their 

sulfur emissions. As such, H2S levels of ‘0’ at the 
absorber outlet will not be applicable for most users, as 
accomplishing 100% sulfur recovery will have other 
negative environmental consequences. 

As it is known that thermal oxidiser emissions stacks 
require SO2 measurement, knowing the H2S 
concentration at the absorber outlet can also assist with 
identifying issues with thermal oxidiser operation. If H2S 
levels are increasing after the absorber, but SO2 
concentrations in the emissions measurement are not, 
the thermal oxidiser operation should be evaluated.

Many users are also including H2 analysis at this 
absorber outlet, as it is a relatively inexpensive addition 
to the H2S analyser and H2 concentrations are not 
impacted by the absorber media. Therefore, redundancy 
of the critical H2 measurement is added to the system, 
with minimum additional engineering or installation 
requirements.

COS should also be measured at the absorber outlet 
for two reasons: COS levels should not exceed a few 
hundred ppm at this measurement point, unless there 
are issues with their reduction in the reduction reactor. 
If COS levels are rising, there could be an issue with the 
catalyst in the reduction reactor ageing. A secondary 
reason to measure COS at this location is to account for 
differences in readings at the SO2 stack emission 
analyser when compared to the H2S reading at the 
absorber outlet. If both H2S and COS are measured prior 
to sample gas movement to the thermal oxidiser, they 
should be approximately equal to the concentration of 
SO2 being emitted at the flare.

Conclusion
Not every sulfur plant will have a TGTU, but when a 
TGTU is present, it can be operated in a more efficient 
manner and with less environmental impact, with proper 
installation and utilisation of a few continuous process 
gas analysers. Experience has shown that the gas 
analysers can pay for themselves by reducing 
environmental incidents (that result in regulatory fines), 
increasing plant process uptime and assisting in the 
prevention of damage to expensive catalysts and 
scrubbing agents. Continued improvements from 
analytical solution providers have reduced the amount 
of scheduled and unplanned maintenance required on 
the systems, further lowering the total cost of 
ownership of the analytical measurement points. 


