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S0,-generation process
can dtouble refinery
Claus unit capacity

Ronald L. Schendel

Brown & Root Braun hasmodi-

fied and applied its sulfur diox-
ide (S0,) generation process now
in commercial operation at a
Texas chemical plant-to fit the
unique requirements of
oxygen-fired sulfur plants.

The new adaptation provides
al the benefits of SO, quench,
with favorable economics. It can
be used to double existing sul-
fur capacity in arefinery, or to
provide redundancy, asrequired
by some regulatory agencies.

Background

Air Products& Chemicalsinc.
and Goar, Allison & Associates
Inc. jointly offer the Claus
Oxygen-based Process Expan-
sion (COPE) process. Sincethis
process was first installed at
ConocoInc.’sLakeCharles, La,
refinery in 1985, interest in ex-
panding

Based on apaper presented at Laurence Reid
Gas Conditioning Conference, Mar. 1-3,
Norman, Okla.

sulfur plantsby using oxygenin-
stead of air has grown.

Sulfur plant expansions based
on oxygen enrichment can have
very favorable economics. In
addition, oxygenbased Claus
plantsemit
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about one eighththe SO, that air-
based plants do.

Today, a number of refinery
sulfur plants use modest oxygen
enrichment of air toincrease ca-
pacity. But whileenriched air can
be used with relatively minor
modifi-

cations, the rich acid-gas feeds
typically found in refinery appli-
cationsrequirelimiting thereac-
tion furnace temperature when
oxygen concentrations are
greater than about 30%.
Fromatechnical view-
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point, SO, quench is the most de-
sirable method of limiting Claus
plant reaction-furnace tempera-
ture. Some of the advantages of
S0, quench are:

# S0, as a Claus reactant en-
hances conversion.

* S0, not only actsasaquench
by absorbing sensible heat, but
also reducesthe extent of the exo-
thermic hydrogen sulfide (H,S)
oxidation. that takes place in the
reaction furnace. As aresult, the
waste-heat boiler duty is much
less, as compared to other quench
schemes.

#* The flow of gases through
the reaction furnace and waste-
heat boiler is much less than in
other quench schemes.

# Pumps and compressors are
not required for SO, supply.

#Reaction furnace temperature
is controlled easily and safely by
introducing oxygen (0,) in propor-
tion to sulfur dioxide.

Inatypical refinery application,
smply replacing air withamixture
of 0, and SO, allows an 80-100%
increase in sulfur capacity, with-
out any other modifications (ex-
cept burner modifications) and
without taking credit for conser-
vativedesigns. In practice, a100-
120%increaseusually ispossible.

Theprimary drawback of the SO,
guench system has been the lack
of an economical source of SO,
givenits
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$230/ton price. This price, how-
ever, fairly represents the cost of
manufacturing SO, by conven-
tional means. Burning sulfur or
H,Sin air to produce SO2 intro-
duces too much nitrogen, and
normal combustion with oxygen
results in the same type of tem-
perature problem faced in the
Clausreaction furnace.

NoT I CE process

Brown & Root Braun's"No Tie
In Claus Expansion” (NOTICE)
sulfur process relies on a differ-
ent approach to producing S0,.
The first generator to use this
technology has been in commer-
cial operation since 1989 at the
Calabrian Corp. chemical plantin
Port Neches, Tex. Calabrian uses
the sulfur dioxideto produce sul-
fur-based chemicals.

Brown & Root Braun has modi-
fied and applied this process to
fit the unique requirements of an
oxygenfired sulfur plant. Thisad-
aptation provides all the benefits
of SO, quench at favorable eco-
nomics.

S02 gener ator

In the sulfur dioxide generator,
S0, isproduced by the submerged
combustion method (Fig. 1). Oxy-
genisreleased below the surface
of apool of bailing sulfur.

The sulfur is hotter than its
autoignition, temperature

NoTICE process
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(about 500° F.); therefore, theoxy- condenser, however, is limited to
gen and liquid sulfurimmediately about 800°F., so that the maximum
react to form sulfur dioxide. But viscosity of theliquid sulfur efflu-
becausethe"flame" issubmerged ent islessthan 150 cp.

intheliquid sulfur, vaporizationof ~ The hot, low-viscosity sulfur is
theliquid sulfur limitsthetempera- returned to the reactor as continu-
ture of the surrounding liquid to ous recycle (Fig. 3). The hot con-
itsboiling point. denser is cooled with molten salt

Sulfur dioxideproductioniseas- as the heat-transfer medium. The
ily controlled by regulating the molten salt is then used to gener-
flow of oxygen. Sulfur isalways ate steam at any level useful to
in excess and, without oxygen plant operation. Thereturning mol-
flow, everything stops. ten salt enters the condenser at
Straightfoward safety interlocks 725°F, so that the viscosity of the
therefore control the flow of oxy- sulfur condensing on thetubewall
gen. is lessthan 300 cp.

Theoxidation of sulfurishighly  After thehot sulfur recycle, very
exothermic so that, although reac- little puresulfur remainsinthe SO,
tor temperature is easily con- vapor. A second condenser, oper-
trolled, substantial quantities of ating under conditions similar to
sulfur are vaporized. In fact, the thefinal condensersof aClaussul-
mass of sulfur inthevapor exiting fur recovery plant, effectively cools
the reactor is more than 10 times the S0, and removestheremaining
themass of sulfur required to pro- sulfur.
duce the SO,,

Previous attempts to commer-  Clausintegration
cialize submerged combustion  The use of oxygen in a Claus
have been unsuccessful because plant presents two process control
the process requires large quanti- jssyes:
tiesof liquid sulfur, whichbecomes 4 control of the reaction furnace
very viscous (93,000 cp) when temperature
condensed from the ot reactor &f- g oy o1 o the H,St0-S0, ratio

fluent and cooled to temperatures i itz on effic
just greater than 310°F. (Fig. 2). 0 mantain conversion elficiency.
The reaction furnace tempera-

torI réfﬁ‘?himn?,:/a?jpear\?v?fr? ;Tfeurresg: ture is controlled to the desired

por, is cooléd inacondenser. The maximum by using the proper mix-

S oo tureof S0, and oxygen. Theflow of

:Eliglmum temperature of sulfurin S0, produiced by the NoTICE S0,
generator is measured
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and the signal is sent to aratio Oxygen demand/supply

controller. The ratio controller
then alowsoxygento flow to the
Clausreaction furnacein propor-
tiontothe SO, flow (Fig. 4).

This control system is inher-
ently safe because there is no
oxygen flow to the reaction fur-
nace unless SO, flow is detected
firgt.

For H,S-t0-SO, ratio control,
the same controls used in a con-
ventional Claus plant are used
with NoTICE. This is typically
feed-forward control, based on
theacid-gasflow for bulk control
and the tail gas H,S-t0-S0, ratio
feedback signal for trim control.
The only difference isthat these
control loops regulate oxygen
flow to the SO, generator, as op-
posed to air flow to the reaction
furnace.

Because there is little holdup
in the SO, generator, these con-
trol loops, in effect, control the
flow of SO, to the reaction fur-
nace. Controlling SO, flow inthis
manner regul ates oxygen flow to
thereaction furnacein proportion
to SO, flow

By controlling oxygen flow to
the SO, generator, the control
loopsregulate the flow of an SO,/
0, mixture of constant composi-
tion to thereaction furnace. This
techniqueissimilar to controlling
the flow of air (a constant-com-
position mixture of N, and 0,) in
theorigina plant.

It may at first appear that more
oxygen is required for this
scheme than for others because
oxygen is used both in the reac-
tion furnace and in the SO, gen-
erator. Thetotal oxygen demand,
however, isthe same.

If one looks at the overall ma-
terial balance around the entire
sulfur plant, it can be seenthat all
sulfur species are converted to
sulfur. Thetotal oxygen demand
equals that required to combine
with the hydrogen in H,Sto pro-
duce water, plus that re-
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quiredto oxidize other combustible nace and oxygen to the SO, gen-
materials, such as hydrocarbons erator. Theflow of air isincreased
and ammonia, intheacid-gasfeed. asacid-gasflow isincreasedtoa

The S0, ineffect, actsasan oxy- maximum of 100% of original ca-
gen carrier. The oxygen entering pacity.
the reaction furnace as SO, re-  Astheacid-gasflow increases
duces the amount of oxygen re- further, theoxygentothe SO, gen-
quired asfree oxygen by the same erator isgradually increased and
amount. theair flow issimultaneously de-

For large-capacity plants, anon creased (Fig. 5).
site cryogenic plant may be eco-
nomical. But for plantsclosetoan Sulfur plant
oxygen pipeline, theeconomicsof  Inthistechnology, amixture of
this process are especially favor- S0, and oxygen replaces air (a
able. Evenfor smaller plants, how- mixtureof nitrogen and oxygen).
ever, pressure swing adsorption The S0, isproduced directly from
(PSA) presents an affordable so- liquid sulfur and oxygen.
lution. Because liquid sulfur pumped

Thepurity of PSA oxygentypi- from the existing sulfur pit isthe
cally is greater than 90% and the source of sulfur (as opposed to
remaining nitrogen has little im- the feed acid gas) and internal
pact on capacity increase. This recyclesarenot required, modifi-
nitrogen level also hasno adverse cations to the existing plant are
impact on the operation of the SO, minimal, involving only burner
generator. modification or changeout.

Hencethename"No Tieln Claus
Oxygen consumption Expansi on" or NoTICE.

In refineries where the load on ~ Thetotal gas flow islessthan
the sulfur plant may vary consid- the original gas flow throughout
erably, it is desirable to use air theplant, evenwhenminimizing
when low capacities are needed Purchased oxygen by increasing
and to use oxygen only when theuseof air (Fig. 6).
higher capacities are required. )

With the NoTICE process, it is EConomics

possible to use any combination
of air and an SO,/0, mixture.

To minimize oxygen consump-
tion, asingle, split range control-
ler regulates both air to the reac-
tion fur-

The total installed cost of a
NoTICE modification is about
one third the cost of a new
equiva ent-capacity Claussulfur-
recovery and tail gas unit. With
the No-



TICE modification, however, there
are greater operating costsinthe
form of purchased oxygen.

Based on the outflow of oxy-
gen in a NoTICE modification,
the amount of time required to
recoup the cost (in other words,
thesimple payout) of anew, more
expensive air-based Claus plant
can be estimated.

At an oxygen price of $35/ ton,
the payout would require 10 years
of operation at 100% of the new
total capacity. At $50/tonitwould
take take 5 years. But if annual
sulfur production were 75% in-
stead of 100% of total capacity,
the simple payout would stretch
to 14 years.

Redundancy

Permitting authoritiesmorefre-
quently arerequiring refineriesto
provide redundancy when they
apply for capacity increase. The
NoTICE process provides an
ideal method of providing that
redundancy. A single

S0, generator can double the ca-
pacity of any one of two or more
existing sulfur plants while an-
other isdown for maintenance or
repair.

In caseswhere redundancy al-
ready exists, an SO, generator es-
sentially will doublethe capacity
of theexisting plants by transfer-
ring the backup function to the
S0, generator. In caseswherere-
dundancy does not exist, an S0,
generator will reducethe number
or size of new sulfur plants
needed, and those plants will be
built at substantial capital sav-
ings.

The cost of an SO, generator is
about one third the cost of anew
sulfur plant and, because S0, is
produced only when one of the
sulfur plants is down, oxygen
costsare minimal. Thustotal op-
erating costs are, in this case,
actually lessthan for an air-based
plant.

For arich acid gas containing
92.4%H,S, increasing

the capacity of asulfur plant from
164 long tong/day (It/d) to 327 It/
d requires anew airbased sulfur
plant of 163 It/ d. The total in-
stalled cost of this plant, includ-
ing tail gas cleanup, is approxi-
mately $18-20 million.

On the other hand, an oxygen-
based expansion using the
NOTICE processcan beinstalled
for atotal installed cost of about
$7 million. The processiseasy to
install, which minimizes down-
time. Itisalsoforgiving and easy
to operate, and has high turn-
down capahility.
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