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In part one of this article, published in the October issue of 
Hydrocarbon Engineering, the need for degassing of liquid 
sulfur was discussed, including a new technology that allows 
sulfur degassing without producing a vent gas stream that 

needs to be reprocessed in the thermal reactor of a 
sulfur recovery unit (SRU).1 This article will outline the experience 
with the first commercial unit.

First commercial unit
In 2017, a major Gulf Coast refinery installed an ICOnTM degassing 
system on a 325 long tpd SRU. The refinery wanted to employ 
sulfur degassing for three reasons. First, there were concerns 
about the environmental impact of H2S emissions from sulfur 
storage. Some of these emissions were being captured and 
processed, but some emissions were thought to be 
unintentionally escaping due to a lack of sophisticated recovery 
equipment. 

Second, there were concerns about operator exposure 
during sulfur handling, particularly at sulfur loading. The refinery 

was very attentive to operator protection measures and was 
employing those measures successfully. Nevertheless, reducing 
the available H2S was considered more reliable than PPE as a 
protection measure.

Third, there were concerns about the pit sweep air system 
reliability. Pit sweep air systems are vulnerable to several failure 
modes: plugging with solid sulfur, corrosion of the piping due to 
the sulfur/water mixture in the process, and failure to create 
adequate draft due to poor pit lid seals are all common 
problems. The refinery had wrestled with these issues in multiple 
sulfur pits and was eager to find a more reliable solution.

The ICOn degassing system was chosen because it provided 
an advantage in a few key areas:
n	 Pre-pit: this provided the option of degassing the sulfur 

prior to the sulfur pit. Converting all (or a portion) of the pit 
to degassed sulfur storage was the most effective way of 
addressing the pit sweep system reliability concerns.

n	 Installation: this particular Claus unit already had the 
necessary tie-points installed in the process piping. Thus, the 
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new degassing system could be installed and tied-in without 
disrupting operation of the SRU.

nn Cost: the degassing system was the lowest cost solution. 
This was especially true when considering the cost of future 
pit sweep system upgrades and maintenance – a cost that is 
greatly reduced when degassing prior to the pit.

Configuration
The configuration that was used for the commercial unit is 
represented in Figure 1. On the liquid-side, the existing sulfur pit 
already contained weirs and functioning pumps. Rather than tie 
into the existing run-down lines, the end user chose to tie into 
the outlet of an existing pit sulfur pump. This configuration 
provided the benefits of greater simplicity and lower cost. The 
disadvantage was that the pit would still contain some 
un-degassed liquid sulfur, but the volume of un-degassed sulfur 

was greatly reduced from prior to installation of 
the ICOn system.

On the vapour side, 150 psig steam sparge 
gas is being let down to the contactor 
operating pressure of approximately 5 psig. The 
vapour returns to a tie-in located near the 
process gas inlet of the fourth condenser. This 
was a convenient, pre-existing tie-in location; 
alternate locations may have some process 
advantages.

With the sulfur being pumped to the 
contactor, it is possible to feed a single ICOn 
contactor with sulfur from multiple Claus trains. 
This first ICOn installation was restricted to a 
single Claus unit. This was done so that the 
technology could be evaluated and refined on 
a simple installation. The end user purchased 
two additional contactors. Both use steam as 
the sparge gas. Each is sized and plumbed to 
service up to three Claus trains simultaneously. 
Two Claus train pits are being decommissioned 
and replaced with run-down vessels. The two 
pits were at end of life and needed significant 
work to restore them to proper operation. 
Start-up is scheduled for October 2021.

Performance
The degassing system started operation in 
June 2018 and has been operating continuously 
since. The sulfur is being continually degassed 
from an inlet concentration range of 
350 to 365 ppmw to an outlet concentration of 
less than 10 ppmw H2S. Figure 2 shows the 
H2S concentration of the degassed sulfur 
exiting the degassing contactor over time. The 
data shown includes sulfur flow rates ranging 
from 250 to 400 long tpd as well as some 
variation in the vapour sparge rate and other 
operating parameters.

The degassing contactor was fitted with 
intermediate sample points so that the rate of 
degassing could be tracked as the sulfur flows 
through the contactor. The reaction rate 
closely follows a first-order chemical reaction. 

Figure 3 shows the H2S content of the molten sulfur vs the 
equivalent residence time associated with the various sample 
points.

Considerations for future installations
The new degassing system can accept/deliver both the gas 
stream and the liquid stream from/to a large variety of 
locations. As shown in Figure 4 and described below, there 
are several viable options for each stream:

nn Vapour source: the degassing contactor can use nearly 
any sparge vapour source provided it does not contain 
too much H2S. It is expected that steam, nitrogen, Claus 
process gas and air will be the common vapour source 
choices.

nn Vapour destination: the vapour can be sent to a variety 
of locations including a thermal oxidiser, the 

Figure 1. Commercial unit PFD.

Figure 2. Commercial unit performance over time.
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Claus thermal reactor, a mid-point in the Claus plant, or 
a tail gas treating unit. Of course, the composition of 
the vapour must be considered; air sparge, for example, 
cannot be sent to a mid-point in the Claus plant. It is 
also important to consider the operating pressure of the 
vapour destination. The contactor operating pressure 
will generally need to be slightly higher than that of the 
destination. An ejector can be used to lower the 
contactor pressure by several psi if needed.

nn Liquid source: the un-degassed sulfur can be pumped 
into the contactor or, if coming from an elevated 
pressure source, can be delivered without a pump. 
Common sources utilising a pump are expected to be 
the sulfur pit or sulfur storage. As the Claus condensers 
operate at elevated pressure (typically between 
2 and 8 psig), sulfur can be pushed from the condensers 
to the contactor via gravity and the natural pressure 

differences between the equipment. This 
‘natural flow’ configuration requires careful 
hydraulic design of the run-down area and 
may not work with all SRUs, depending on 
the operating pressures and equipment 
elevation.

nn  Liquid destination: degassed sulfur 
overflows out of the contactor outlet. 
Thus, draining from the contactor to 
low-elevation sulfur storage, such as a 
pit, is very simple. If the degassed sulfur 
needs to be directed to elevated sulfur 
storage, a pump will likely be required at 
the exit of the contactor.

Operation and maintenance

Operation
Once started, the ICOn degassing system will 
operate continuously, with minimal attention 
from operations. Instrumentation on the 
contactor will alert operations if there is a 
problem. Key parameters that should be 
monitored are vapour flow, liquid flow, 
liquid level and operating pressure/
temperature. When sulfur is pumped to the 
contactor, the sulfur flow rate must be 
actively controlled to match the rate of sulfur 
production. This is the only item that requires 
active controls; everything else uses a 
‘set and forget’ configuration.

Maintenance
The catalyst is not consumed or deactivated 
by normal operation; it is expected to last 
many years. The contactor is designed with 
extra catalyst capacity so that some level of 
catalyst degradation or attrition will not 
impact performance. At a scheduled 
turn-around, the catalyst can be changed, or it 
can simply be ‘topped off’ if there are no 
concerns with its ongoing performance. 
Changing catalyst involves drying it with a hot 

vapour blow-down, vacuuming out the old material, 
inspecting the interior of the vessel, and loading in the new 
material. Most other maintenance activities are those 
common to other SRU equipment.

Benefits of the technology

H2S exposure
The benefits of having degassed sulfur are primarily related to 
safety and the environment. The risk of H2S exposure is 
greatly reduced for all subsequent sulfur handing points; this 
includes sulfur storage, loading, transportation, forming and 
processing. Sulfur storage in the pit area and sulfur loading are 
the two areas in a refinery that typically provide the most 
opportunity for operator exposure to H2S. Reducing the H2S 
level in the liquid sulfur greatly reduces the risk of exposure 
to dangerous levels of H2S.

Figure 3. Commercial unit reaction profile.

Figure 4. Vapour and liquid stream options.
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H2S emissions
Release of H2S or SO2 creates an environmental concern. The 
H2S emissions from each sulfur storage point should be 
considered for environmental impact. Degassing the sulfur 
greatly reduces these H2S emissions. This has the added 
benefit of potentially eliminating the need for sophisticated 
vapour recovery systems. Processing the H2S vapour stream 
from sulfur storage often comes with its own set of 
challenges, as there is rarely a convenient way to tie this 
vapour back into the processing unit. This vapour is often 
sent directly to an incinerator where the H2S is oxidised to 
SO2.

Sulfur pit
ICOn can be configured between the condensers and the 
sulfur pit so that only degassed sulfur is sent to the pit. This 
brings the safety and environmental benefits of degassing to 
the pit area. Today, refineries employ sophisticated pit sweep 
systems and cumbersome safety procedures to maintain safe 
pit environments. Despite these efforts, sulfur pit fires and 
occasional explosions are still experienced, and sulfur pits 
remain a large source of H2S/SO2 emissions. Degassing prior 
to the pit greatly reduces the safety and environmental 
concerns normally associated with this area of the refinery.

Flexibility
The degassing system can be configured to accept and 
deliver the liquid and vapour stream in a number of 
combinations. This benefits retrofit applications in 
particular. With many different options, a configuration that 
provides the right cost/benefit balance is more likely to be 
found.

Waste stream treatment
Degassing with an oxygen-free vapour source greatly increases the 
available treatment options. More conventional air degassing limits 
the waste stream destination to the Claus thermal reactor or a 
thermal oxidiser. These are not always favourable options, as the 
thermal oxidiser is at an elevated pressure and the incinerator 
creates additional SO2 emissions. But the oxygen-free waste 
stream can also be returned to a mid-point in the Claus unit or the 
tail gas treating unit. This flexibility makes it easier and cheaper to 
safely treat the degassing waste stream.

Equipment simplicity
Some configurations provide greater simplicity than others. The 
extent of the ancillary equipment, such as a sulfur cooler, a pump, 
or an ejector, can be minimised or adjusted to use only the 
equipment that is expected to be the most reliable. The use of 
active controls is also minimised; most of the equipment is of a 
‘set and forget’ nature and only needs adjusting during initial 
start-up. Finally, with a fixed bed catalyst, the system is expected 
to last many years without any need for maintenance.

Conclusion
Worley Comprimo and Ametek CSI have joined forces to bring 
this technology to the sulfur industry together. The system can be 
integrated directly into grassroots sulfur recovery designs as well 
as implemented into existing SRUs with minimal impact on 
operations. 
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