


C ombustion has long been an integral part of the 
operation of many sulfur-related technologies 
and processes. The appropriate application of 
combustion technology is critical for those 

processes, whether it is the preheating of air for fertilizer 
facilities, recovering remaining sulfur in sulfur recovery 
plants, or simply incinerating waste gases produced. In 
recent years several opportunities have presented new 
challenges for both equipment and operators. The 
successful implementation and operation of these designs 
required upfront cooperation between the equipment 
suppliers and plant operators to meet new opportunities 
for improvement.

Mixing concepts and operating 
conditions 
While developing the scope for one of the largest plant 
expansions in the world, a client had a need for a new tail 
gas system. The system consisted of four complete tail 
gas units designed to support the 2.5 million tpd plant. 
The process design called for operation at 1500˚F (820˚C) 

to destroy a tail gas with a waste gas concentration of 
340 ppm carbon monoxide (CO) to hydrogen (H2) 
conversions of 9.7 vol.%, hydrogen sulfide (H2S) of 
99.7 vol.% and carbonyl sulfide (COS) to 99.997 vol.%. 
These conversion rates are in line with most typical plants 
currently in service. During the engineering phase, 
John Zink Hamworthy Combustion (JZHC) assisted in 
identifying that this application could be a candidate for a 
mixing concept called TrīLo technology that could allow 
for a significantly lower operating temperate than 
originally specified. This technology involved the use of 
optimised techniques that improved overall mixing of the 
waste gas and fuel. Utilising these concepts, a unit is able 
to operate with as much as 40% less fuel and power 
consumption, largely driven by the system’s ability to 
operate successfully at much lower operating 
temperatures than previously required with conventional 
tail gas designs. The mixing design concept for TrīLo 
technology provides a more uniform temperature profile 
with minimal hot spots (Figure 1), which improves 
conversion of CO at lower temperatures and helps 
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minimise thermal NOX formation. These design principles 
can achieve CO emissions well below the typical design 
standard of 100 ppm (Figure 2) as was originally 
considered for use at this plant.

With the use of TrīLo technology, a much lower 
operating temperature of 1200˚F (650˚C) was implemented, 
replacing the original higher design temperature of 1500˚F 
(820˚C). This operating condition resulted in less fuel and 
allowed for additional mechanical savings due to the lower 
temperature requirement. After the first several months of 
operation with this technology, the facility estimated 
savings of over US$2.5 million/yr per unit in fuel costs as 
compared to the original design specification.

In addition, the system was able to achieve significantly 
lower emissions than originally planned for based on the 
capability of conventional technology (Table 1).

Tail gas and NOX
Even with significant improvements across the industry for 
combustion systems in tail gas units, there are still certain 
areas where even stricter regulatory needs must be 
satisfied, specifically related to NOX emissions. In recent 
years there have been major developments in low NOX 
burner technologies. These efforts have led to levels that 
were once thought unachievable in certain burner markets. 
However, even with these advancements, NOX 
improvements in SRU-related equipment have lagged as 
compared to other burner technologies. As regulatory 
requirements on NOX emissions continue to get more and 

more stringent, several plant operators have requested to 
have the equipment in their SRU systems that achieves far 
lower NOX than has previously been available. 

In most conventional incineration 
applications, NOX limits have been in the range of 
0.1 – 0.2 lb/million Btu-fired. There are many burner 
designs in other combustion applications, such as boilers 
and process heaters, that can far surpass this NOX 
requirement. Often these ‘ultra-low NOX’ burners utilise 
flue gas recirculation (FGR), fuel staging, and other 
techniques to control the adiabatic flame temperature to 
maintain ultra-low NOX emissions (<10 ppmv). NOX 
increases rapidly with the adiabatic flame temperature. 
These design principles have led to operation of these 
burners at 0.01 lb/million Btu and less. However, the use 
of flue gas recirculation is not an option in most 
incineration or tail gas applications and requires 
additional equipment and control scheme considerations. 
Other methods must be used to achieve ultra-low NOX 
emissions.

Originally designed for boiler applications, the RMBTM 
burner, as depicted in Figure 3, has been successfully 
implemented in several incinerator and air heater 
applications to date. The burner achieves ultra-low NOX by 
rapidly mixing the fuel and air that ‘simulates’ lean pre-mix. 
As the two are not truly pre-mixed, the potential for 
flashback is mitigated. 

Simulated lean pre-mix helps to reduce two forms of 
NOX formation: prompt NOX and thermal NOX. Prompt 
NOX is governed by the Fenimore mechanism and results 
from reactions between hydrocarbon fragments and 
molecular nitrogen in the combustion air. Figure 4 shows 
the different possible reaction pathways for prompt NOX. 
In general, the hydrocarbon radicals react with molecular 
nitrogen to form hydrogen cyanide (HCN), which is then 
converted to NO through various other intermediates.

This type of NOX formation is more prominent in 
fuel-rich zones, which are minimised in the RMB burner. 
The rapid mixing of fuel and excess combustion air creates 
a fuel-lean zone throughout the flame, and suppresses the 
formation of prompt NOX. Although prompt NOX is a 
relatively small contributor to total NOX, tightening 

emission 
requirements are 
beginning to push 
for further 
reductions of even 
this smallest 
source. 

By contrast, 
thermal NOX has 
typically been the 
largest contributor 
to total NOX 
production in 
combustion. 
Governed by the 
Extended Zeldovich 
Mechanism, it 
occurs at 

Figure 1. Initial temperature profile (top) vs. 
TrīLo technology optimised temperature profile (bottom).

Figure 2. Comparison of the TrīLo technology CO emissions to conventional systems.
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high temperatures when molecular nitrogen and oxygen in 
the combustion air dissociate and react to form NOX. 

N2 + O  NO + N
O2 + N  NO + O
OH + N  NO + H

The primary thermal NOX mitigation technique is to 
reduce both the adiabatic flame temperatures and any peak 
flame temperatures. The rapid mixing of fuel and excess 
combustion air in the burner creates a lower, more consistent 
flame temperature, eliminates ‘hot zones’, and significantly 
reduces thermal NOX production. 

The implementation of the RMB burner and ultra-low NOX 
technologies into tail gas systems is more complicated than 
simply retrofitting an existing tail gas incinerator with a 
different burner. This is due to the variable composition, 
flow rate changes, and dirty conditions that are often involved 
with sulfur processes. Without the use of flue gas recirculation, 
other process conditions must be investigated that can help 
reduce hot spots in the flame. Many incineration applications 
have both exothermic and endothermic waste streams. While 
there are several strategies used to handle these varying waste 
streams, a method has been developed that strategically uses 
those endothermic wastes. In SRU applications, tail gas 
streams provide endothermic waste that can be used to 
control the flame temperature and limit thermal NOX 
generation. These steams can be injected into key areas around 
the main burner flame to create cool external recirculation 
zones that, in conjunction with a staged centre-firing flame, 
can help these applications operate at low NOX emissions 
limits that have historically been unachievable in the industry. 
Figure 5 shows a schematic of the RMB burner which utilises 
recirculation zones to make the flame more uniform in 
temperature to minimise hot spots that can significantly 
increase NOX. Several mechanical design and process control 
changes had to be made to accommodate these conditions. 

As part of a new tail gas expansion for a plant located in 
the US, an end user required a very challenging NOX 
requirement, far lower than has been previously achieved on 
any existing system. Operating design conditions called for 
operation at 1500˚F (820˚C) and a two second residence time. 
The combustion chamber also included a choke ring 
downstream of the burner. With the use of a heavily modified 
RMB system, engineers were able to make strategic use of 
waste and air. This allowed the system to minimise high heat 
zones and reduce thermal NOX significantly. This design had to 
balance specific mixing zones along with a key stability point 
to ensure overall stability across a range of flow rates and 
compositions. After several months of operation, the facility is 
observing consistent NOX emissions of 0.02 lb/million Btu 
fired (<9 ppm) and as low as 0.01 lb/million Btu (3% O2 dry).

Conclusion
As the industry continues to grow and develop there are 
always new challenges that must be faced. As seen with the 
examples explored within this article, with cooperation and 
continued interest in improving what is achievable, great 
strides are being made in meeting new and unique operating 
conditions. 

Figure 3. Rapid mix burner.

Table 1. Required and actual emissions after 
installation of TrīLo technology

Emissions Required Actual

NOX 100 ppm 25 ppm

CO 400 ppm <200 ppm

H2S 4 ppm undetected

Figure 5. RMB mixing zones.

Figure 4. Fenimore mechanism.
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