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“pecial Report

Expand Sulfur
Plant Capacily

Reduce Plant Emissions Using High Oxygen
Concentrations Without High Temperature
Damage to Refractories

Interest in oxypen use

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
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V arious approaches that introduce low oxygen levels have

sulfur plants in refinerie

since high exygen _ specifically designed to accommodate oxygen, or through a separate

sancantratipne were ; oxygen lance. However, higher oxygen concentrationsresult in higher

successfullyf used at che temperatures, which rapidly approach the furnace refractory design
prged, Lale Charles La., limits.

vefinery, and the KOA, 1 Methods must be employed to mitigate the reaction furnace temperature

Kawagaki rolinan n : whenever high oxygen levelsare necessary to coincide with significant

capacity increasesin refinery operations. Three proprietary technologies
arein commercial operation that successfully addressthisissue.
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 arecycle blower, and usually a compl ete change out
of the reaction furnace, waste heat boiler and No. | sulfur condenser,
dueto the higher flows, and heat dutiesin this plant section,
A second process offersyet another approach. At higher temperatures,
hydrogen sulfide partialy dissociatesinto hydrogen and sulfur. Other
compounds like carbon dioxide, that are found in the reaction furnace
B . I also dissociate at these temperatures. Since the reactions are
ATV B o e endothermic, the net temperature rise with oxygen concentration is not
S Ll e linear, and somewhat selflimiting.
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To some extent, thesereactionsoccur in all
refinery Clausfurnaces, especially when oxygen
enrichment isused. Certain burner designsfurther
promote dissociation reactions by producing a
hot flameinthe presence of high levelsof oxygen.
However, the furnace refractory must be
protected from the high temperatures of thisflame
by aseparate cooler flame that surrounds the hot
flame. While the increased level of dissociation
allowsfor higher net oxygen concentrationsthan
normally possible, the maximum oxygen
concentration for processing a typical refinery
acid gasstream islimited 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
alonger residence time (about 2 seconds) in the
reaction furnaceto allow for mixing of gasesfrom
the two separate flames. Compl ete 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
Double Combustion Process) provides full
capacity expansion capability at up to 100%
oxygen, without the need for rotating equipment.

Double Combustion Process

Tolimit temperaturerise, the combustion
reactions are carried out in two stages with
intermediate cooling asshownin Figure 1. Acid
gasesarefirst subjected toapartia 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 asecond reaction furnacewhere
the remainder of the required oxygen is
introduced.

Significantly, there is no sulfur
condenser between the No. | waste
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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 ignition temperature under all normal

furnace. Also, thereis no burner in the operating conditions. This concept

No. 2 reaction furnace. By design, the alows for a low-pressure drop system,

gases exiting the No. 1 waste heat which is easy toinstall and control.

boiler, and entering the No. 2 reaction Since the gases entering the No. 2

furnace are substantially above the auto- reaction furnace are above the auto-
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Figure 2. At high acid gas levels, reaction furnace 2 temperature increases with
increasing 02 concentration, while reaction furnance | temperature is maintained
at high levels, as per maximum design conditions.



ez
T

g

i . Cek, |

® ¢ |

Frisisars Caatrel & kdpnts tatel Raw of perchased onypen.
Lalowictor | = fdjents Forws o give comslont rofle.
{aloulitor 7 = From adid ges. T mobosbodes tobal anygen reguiend.

= Lgbdrmiis pw thesed AR Maw ra cahidaln an reguized

= Wirh reael, and fer i i, Trem el gai esely i Rk,

Figure 3. Process contrel to minlmize exygen consumpton.

i

ignition temperature, even small quantities of
oxygen will react completely, and there is no
minimum oxygen flow required to maintain astable
flame. Therefore, aburner is not required, and an
oxygen lance may be used to introduce oxygen
into the No. 2 reaction furnace. Minimal pressure
drop occursthrough the system because there till
isonly one burner.

Reaction Furnace Temperatures

With noburner intheNo. 2 reactionfurnace,
and temperatures above the auto-ignition
temperature, there are no minimum flame
temperatures, or minimum flows, to maintain. A
smooth transition occursfrom 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 aconstant ratio between the
two furnaces. Oxygen demand is satisfied by
increasing thetotal oxygen flow asrequired, but
since only part of the oxygen flow goes to the
No. 1 reaction furnace, temperaturesremain well
within design limitations.

Figure 2 shows the temperatures

in both reaction furnaces for a typical rich
refinery gaswith significant ammoniapresent,
as overall oxygen concentration is increased
from 21% (air only) to 100% (no air). As
evidentinthefigure, temperaturesintheNo. 1
reaction furnace are maintained at high levels
to ensure satisfactory destruction of ammonia
and hydrocarbons. Thetotal flow, and therefore
residence time, isfairly constant.

Process Control Scheme

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 therelative
amount of air and oxygen used to keep the plant
hydraulically loaded. As pressure increases,
oxygen flow isincreased, while the air flow is
reduced to accommodate higher acidic gasflows.
Conversely, as the acid gas flow is reduced,
pressure falls, oxygen flow is reduced, and air
flow isincreased. Thismaximizesair 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
becometheNo. 2 units, and anew burner, No. 1
reaction
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furnace and No. 1 waste heat boiler are added
upstream of theexigting furnace. Theexisting burner
isremoved duringtie-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 alow oxygen concentrations of up to
about 45% with very rich refinery-type acid gases,
and aresulting capacity increase of 75% or more.
Later, during expansion to the fullest capacity
availablewith the double combustion process, the
sameburner can be moved from theexisting 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 apurity
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 ddlivered at investment costswhich
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,
thereisno need for arecycleblower, ancillary
equipment or unusually high residencetimes
in the reduction furnace. Operation at 100%
oxygenispractical, maximizing the potential
for capacity increase.

Increasing capacity of an existing sulfur plant
with double combustion process technol ogy
ismorethan 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 plantsmay bedesigned to operate
withair at maximum capacity. When onetrain goes
down the overall capacity can be easily restored
by switching operation of one or more of the
remaining trainsto the oxygen mode.
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