arious approaches that introduce low oxygen levels have
resulted in moderate capacity increases. Oxygen can be
added to the air supply stream for concentrations up to 30%
oxygen. Beyond the 30% oxygen level, oxygen must be
introduced into the reaction furnace through a burner
specifically designed to accommodate oxygen, or through a separate
oxygen lance. However, higher oxygen concentrations result in higher
temperatures, which rapidly approach the furnace refractory design
limits.
Methods must be employed to mitigate the reaction furnace temperature
whenever high oxygen levels are necessary to coincide with significant
capacity increases in refinery operations. Three proprietary technologies
are in commercial operation that successfully address this issue.
Combustion Process Technology
One proprietary oxygen combustion technology relies on a recycle
stream taken from the No. 1 condenser exit to dilute reaction furnace
gases and carry away sensible heat from the reaction furnace. The
process requires a recycle blower, and usually a complete change out
of the reaction furnace, waste heat boiler and No. I sulfur condenser,
due to the higher flows, and heat duties in this plant section,
A second process offers yet another approach. At higher temperatures,
hydrogen sulfide partially dissociates into hydrogen and sulfur. Other
compounds like carbon dioxide, that are found in the reaction furnace
also dissociate at these temperatures. Since the reactions are
endothermic, the net temperature rise with oxygen concentration is not
linear, and somewhat selflimiting.
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To some extent, these reactions occur in all
refinery Claus furnaces, especially when oxygen
enrichment is used. Certain burner designs further
promote dissociation reactions by producing a
hot flame in the presence of high levels of oxygen.
However, the furnace refractory must be
protected from the high temperatures of this flame
by a separate cooler flame that surrounds the hot
flame. While the increased level of dissociation
allows for higher net oxygen concentrations than
normally possible, the maximum oxygen
concentration for processing a typical refinery
acid gas stream is limited to about 60% oxygen.’
Not being able to operate at oxygen
concentrations in the 60% to 100% range limits
capacity increases. Also, this approach requires
a longer residence time (about 2 seconds) in the
reaction furnace to allow for mixing of gases from
the two separate flames. Complete replacement
of the existing waste heat boiler is normally
required.
A third process which has been in
operation at the KOA Osaka refinery in Japan
since 1990, is based on double combustion
technology. This proprietary process (SURE Tm
Double Combustion Process) provides full
capacity expansion capability at up to 100%
oxygen, without the need for rotating equipment.

Figure 1. The SURE Double Combustion process uses two reaction stages with
intermediate cooling to limit temperature rise to high 02 concentrations.

heat boiler, and the No. 2 reaction
furnace. Also, there is no burner in the
No. 2 reaction furnace. By design, the
gases exiting the No. 1 waste heat
boiler, and entering the No. 2 reaction
furnace are substantially above the auto-

ignition temperature under all normal
operating conditions. This concept
allows for a low-pressure drop system,
which is easy to install and control.
Since the gases entering the No. 2
reaction furnace are above the auto-

Double Combustion Process
To limit temperature rise, the combustion
reactions are carried out in two stages with
intermediate cooling as shown in Figure 1. Acid
gases are first subjected to a partial combustion
at temperatures well below the safe operating
temperature of the refractory, but at
temperatures high enough to ensure complete
ammonia and hydrocarbon destruction. The
first stage of combustion is carried out without
attempting to meet the overall stoichiometry
requirements, or total oxygen demand. The
gases are then cooled in a waste heat boiler,
prior to entering a second reaction furnace where
the remainder of the required oxygen is
introduced.
Significantly, there is no sulfur
condenser between the No. I waste

Figure 2. At high acid gas levels, reaction furnace 2 temperature increases with
increasing 02 concentration, while reaction furnance I temperature is maintained
at high levels, as per maximum design conditions.

i
ignition temperature, even small quantities of
oxygen will react completely, and there is no
minimum oxygen flow required to maintain a stable
flame. Therefore, a burner is not required, and an
oxygen lance may be used to introduce oxygen
into the No. 2 reaction furnace. Minimal pressure
drop occurs through the system because there still
is only one burner.

in both reaction furnaces for a typical rich
refinery gas with significant ammonia present,
as overall oxygen concentration is increased
from 21% (air only) to 100% (no air). As
evident in the figure, temperatures in the No. 1
reaction furnace are maintained at high levels
to ensure satisfactory destruction of ammonia
and hydrocarbons. The total flow, and therefore
residence time, is fairly constant.

Reaction Furnace Temperatures
Process Control Scheme
With no burner in the No. 2 reaction furnace,
and temperatures above the auto-ignition
temperature, there are no minimum flame
temperatures, or minimum flows, to maintain. A
smooth transition occurs from air-only operation,
through partial oxygen enriched air, to 100%
oxygen. Even the richest acid gases in refining
applications can be processed with 100% oxygen
using this process. Oxygen control is safe and
simple. Oxygen is fed to the No. 1 and No. 2
reaction furnaces, at a constant ratio between the
two furnaces. Oxygen demand is satisfied by
increasing the total oxygen flow as required, but
since only part of the oxygen flow goes to the
No. 1 reaction furnace, temperatures remain well
within design limitations.
Figure 2 shows the temperatures

In most cases it is desirable to minimize
consumption of purchased oxygen to reduce
operating costs (Figure 3). Front-end pressure
can be used to automatically control the relative
amount of air and oxygen used to keep the plant
hydraulically loaded. As pressure increases,
oxygen flow is increased, while the air flow is
reduced to accommodate higher acidic gas flows.
Conversely, as the acid gas flow is reduced,
pressure falls, oxygen flow is reduced, and air
flow is increased. This maximizes air utilization,
which results in minimum purchased oxygen
consumption.
Retrofit to Existing Plant
When retrofitting to an existing plant, the
existing reaction furnace and waste heat boiler
become the No. 2 units, and a new burner, No. 1
reaction

furnace and No. 1 waste heat boiler are added
upstream of the existing furnace. The existing burner
is removed during tie-ins.
The BOC Gases acid gas oxygen burner has
been operating since 1990. Installed and operating
in two refineries, it has been selected for eight
more applications currently in various phases of
engineering and construction.
For staged capacity increase (and staged
investment) a BOC acid gas/ oxygen burner can
first be added to the existing furnace. This will
normally allow oxygen concentrations of up to
about 45% with very rich refinery-type acid gases,
and a resulting capacity increase of 75% or more.
Later, during expansion to the fullest capacity
available with the double combustion process, the
same burner can be moved from the existing furnace
to the new No. 1 furnace.
Oxygen Supply
For large capacity plants, an onsite
cryogenic air separation plant may be economical.
However, even for smaller plants,
adsorption-type plants present an affordable
solution.
Adsorption-type oxygen plants, and small
volume cryogenic plants have economical
advantages when producing oxygen with a purity
of

nearly 90%. The small amount of remaining
nitrogen has little impact on capacity increase.

Investment Cost
The inherent advantages in the operation
and maintenance of the double combustion
process can be delivered at investment costs which
are much lower than a new sulfur plant and
significantly lower than other approaches. The
new waste heat boiler is about 50% of the work
required by other process schemes, which call
for

total replacement of the existing boiler. Also,
there is no need for a recycle blower, ancillary
equipment or unusually high residence times
in the reduction furnace. Operation at 100%
oxygen is practical, maximizing the potential
for capacity increase.
Increasing capacity of an existing sulfur plant
with double combustion process technology
is more than offset by the substantial savings
in investment costs as well as modest
operating savings in air blower power
consumption.

For new multiple train plants, double combustion
technology is an effective means of providing
redundancy. The plants may be designed to operate
with air at maximum capacity. When one train goes
down the overall capacity can be easily restored
by switching operation of one or more of the
remaining trains to the oxygen mode.
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