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" "ABSTRACT

A computer program which calculates a complete heat and
material balance around a "eplit feed" Claus sulfur recovery
plant was written in Fortran IV for the RCA Spectra 70 compu-
ter. The program provides for up to three catalytic reactors,
the hot gas bypass method of reheating, and a feed gas con-
taining hydrogen sulfide, water vapor, hydrogen, and.nitrogen.
The program user specifies as input data the feed stream
composition and temperature, the number of reactors, the
combustion air temperature, the conversion in each reactor,
the outlet temperature in each condenser, and the fraction of
burner exit gas used for reheating the feed gases to each
reactor. The program prints out the input data, the adiabatic:
flame temperature of the bﬁrner combustion gases, the cooling
load of the waste heat boiler and each condensér, the reheater

heating loads, and a complete stream summary.
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'CHAPTER 1

"INTRODUCTION

The Claus process is essentially a vapor phase oxidation
of hydrogen sulfide with air or sulfur dioxide which yields
sulfur and water. The reaction takes place as high temperatures
(730°C to 1000°C) in the absence of a catalyst and at lower
temperatures (<730°C) in the presence of a catalyst. Although
there are a wide variety of flow schemes, three basic flow
schemes are generally recognized. They are: the split feed,
the once through, and the direct exidation. A typical Claus
plant is a series of conversion and condensation steps where

 the vapors are reheated following each condensation step.

The use of Claus type sulfur recovery plants to recover
sulfur from hydrogen sulfide has increased in recent years be-
cause of strict state and federal government air pollution
standards put into effect, public pressure, and a more respons—
ible attitude by industry toward environmental problems., This
has created a need for computer programs which can perform the
tedious heat and material balance calculations required to
evaluate the design and operation of these plants. A single
fairly accurate hand-calculated heat and material balance may
require from three to four man weeks and the calculation will
have to be made many times to properly evaluate a given problem

because of the number of variables and possible flow schemes



involved.(11) These programs have been ﬁritten by Opekar and
Goar(1l), Boas and Andrade(l) and others, but because of their
proprietary nature, only brief deécriptions of the capabil-~

ities of these programs and their results and not the programs

have been published.

The objective of this thesis is to produce a flexible
computer program which calculates a heat and material balance
around a "split feed" Claus sulfur recovery plant with hot gas

_bypass reheating, and to verify the results of others. A
secondary objective is to proviae a thorough study of indus-

trial Claus plants and their operation.

Although this work is of limited scope and duplicates
the work of others, it provides a non-proprietary independ-
. ently written program with which to verify previous results
and is also a good basis for future industrial or student
work of broader scope. Thevprogram, in addition, will provide
a quick way of studying the effect of such variables as the
number of reactors, the converter operating temperatures, the
condenser operating temperatures, and the amount of hot gas
bypass reheating on the overall operation of a "split feed"
Claus plant. It is limited in scope in that different flow
schemes and reheating methods are not considered as they have

been in previous work.



The primary source of thermodynamic properties of sul-
fur and sulfur bearing compounds for both this project and
work by others is Kelley(8). Kelley has used the basic vapor
density data of Preuner and Schupp(l4) in the development of
this data. The best single source found on the Claus process

is Gamson and Elkins(3).

The author would like to acknowledge Dr. E. C. Roche -
for his assistance in both the programming and chemical

engineering aspects of this thesis.



CHAPTER 2

GENERAL PROCESS DESCRIPTION

Vapor Phase Oxidation Methods

The Claus process is one of the most important methods
for the recovery of sulfur from hydrogen sulfide. 1In this
process, hydrogen sulfide is oxidized in the vapor phase with

either air or sulfur dioxide according to the overall reaction:
H,S + [0] > H,0 + S (R2-1)

This oxidation is a high temperature reaction which may occur
at lower temperatures on surfaces or in solution. Taylor and
Wesley showed that the oxidation occurred only by contact cat-
alysis below 730°C. Although numerous catalysts including
AA2203(bauxite), activated carbons, silica gel, silicates of
A2+++ and Fe T and alkali and alkaline earth metals,.metal
sulfides, and alkaline compounds can be used for this oxida-~

tion, bauxite is the most satisfactory because of its low cost,

durability, and high activity.

The conventional Claus plant is a series of sulfur con-
version and condensation.steps. .One of the basic differences
in commercial Claus plants is the method of carrying out the
initial oxidation step. The threé basic methods for déing

this are: the direct oxidation, the split feed, and the



straight through or once through. The initial oxidation step
is then followed by one or more catalytic reactors depending
on the conversion requirements of the particular process. Two
or more catalytic conversion steps are usually required with
present day air pollution standards. Yields of 90 to 957 with
two catalytic reactors and 95 to 987 with three are usually
attained. Each catalytic reactor is followed by a sulfur con-
denser to recover the sulfur as a liquid. After each conden-
sation step, the vapors are reheated to prevent the condensa-
tion of sulfur in the catalyst bed and subsequent catalyst

poisoning.

The earliest commercial method for cérrying the vapor
phase oxidation of H,S was the original Claus process or the
direct oxidation method, discovered by C. F. Claus in 1890 and
from which the other two methods have evolved., This process
comprised the oxidation of hydrogen sulfide with air in the
stoichiometric proportion over bauxite in a single reactor

according to the highly exothermic reaction
3H,S + 3/2 05 > 3H,0 + 3/e Se (R2-2)
Ad = 145-173 Kcal

This value of AH gives the heat of reaction over a wide temp-‘
erature range, thus accounting for its variability. Although

the yield increases with decreasing temperature, the reaction



must be carried out at a temperature greater than that at
which sulfur begins to condense, since liquid sulfur effect-
ively poisons the catalyst. Since radiation was the only
provision for removing the large quantities of heat evolved
in the process, the temperature was controlled by restricting
the space velocity.(l) In order to obtain yieldé of 80-907%,
only two or three volumes of hydrogen sulfide (S.T.P.) could
be converted per volume of catalyst per hour. This method is
still used today for very low concentration H,S streams for
which it is difficult to sustain combustion with the other
two methods. In this case, the alr and/or the acid gas is
usually preheated and fed to the catalytic reactor. A diagram

of a Claus direct oxidation plant is shown in Figure 1.

The split feed process developed by I. G. Farbenindustrie
around 1937 was the first significént improvement in the orig-
- inal Claus process. This is a two stage process in which the
hydrogen sulfide stream is split, one third being burned com-
pletely to sulfur dioxide under a waste heat boiler according

to the reaction

3 | - |
HoS + 35 0, 2 H,0 + S0, (R2-3)

AH = 124-138 Kcal

(1) Space velocity is defined as the volume of feed gas
($.T.P.) per hour per volume of catalyst.



and then reacted with the remaining two thirds of the hydrogen

sulfide in a catalytic reactor according to the reaction
2H,S + S0, 2 2H,0 + 3/e S, (R2-4)
AH = 21-35 Kcal

A diagram of the process is shown in Figure 2. The improve-
ment results from the fact that almost 807 of the total heat

of reaction is liberated before the final catalytic conversion.
As a result, the space velocity can‘be increased about omne
hundred fold while maintaining operating temperatures at
sufficiently low levels. Another advantage of this process

~1s that if hydrocarbons and carbon dioxide are present in the
feed, the formation of carbonyl sulfide in the high temperature
region and the amount of‘carbon in the resulting sulfur product

are minimized.

This process is used for acid gas with low HZS content.
(less than 25%) to insure stable operation of the acid gas
burner. By bypassing part of the acid gas around the burner,
the flame temperature is kept high enough for stable combus~
tion. 1In case of very low HoS condentrations, the flame temp-
eratire could be boosted by adding supplemental hydrocarbons
or by indirectly preheating the air or acid gas before charg-
ing to the burner. Thé direct oxidation process is usually

more economical in such cases however.
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A second modification of the Claus process was develop—-
ed by I. G. Farbenindustrie at about the same time as the
first. This process, called the straight through or once
through, is a high temperature (up to 1000°C) non-catalytic
combustion of the entire hydrogen sulfide stream with air in
the required stoichiometric proportion for complete conversion
to sulfur. The reaction takes place in a free flame or over
an inert mass with yields of approximately 60%.' The high
temperature combustion is then followed by one or more cata-
lytic cbnversion steps to recover effectively all of the sul-
fur. A diagram of a straight through Claus plant ié shown in

Figure 3.

This process is used for highly concentrated HZS streams
to reduce the load on the catalytic conversion steps both from
é kinetic as well as a thermochemical point of view. 1In the
thermal reactor from 90 to 95% of the total heat of reaction
"is liberated, and about 60% of the total conversion to sulfur
is accomplished. This sulfur is normally removed prior to the
first catalytic conversion step to lower the dew point of the
gas mixture in the first catalytic reactor, and thus increase
the maximum theoretical yield attainable. By effecting the

complete combustion of hydrocarbons, the free flame combustion

also serves to protect the catalyst from deactivation.
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Vapor Reheating Methods

In addition to the initial oxidation step, Claus plants
also differ in the method of reheating the gas following a

condensation step. The four most important methods in commer-

cial use today are:

1. Hot gas bypass
2. In-line burner
3. Gas-to-gas exchanger

4, Indirect fired reheater

These four methods are depicted in Figure 4. 1In the hot gas
bypass method, the cooled gas leaving each condenser is raised
to operating temperature of the converter which follows by
direct mixing with hot gas extracted from the outlet of one

of the passes of a multipass waste heat boiler.

The second method of reheating consists of a direct
fired refractory lined furnace in which the products of
combustion of a side stream of acid gas furnish the heat

to bring the main stream of gas to operating temperature.

The gas-to-gas exchange method utilizes the exothermic
heat produced in the converters to reheat the feed gas to the
converter by gas~to-gas exchanger. This method is the least

flexible in adapting to verying feed rates and compositions.
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Converter temperatures become difficult to sustain without
gome form of auxilliary heat with a decrease in either the
acid gas feed rate or H,S content. With a decrease in feed
rate, heat losses become more significant. In the case of
reduced H,S content, the amount of gas to be reheated remains

about the same, while the total heat of reaction decreases.

The indirect fired reheaters utilize the heat transfer
media of a thin metal wall, refractories, or silica glass to
transport heat from the combustion process to the gas stream

to be heated.

Both the hot gas Bypass and in-~line burner methods
result in recoveries which are several percent lower thén the
other two methods because some acid gas feed is bypassed

_around one or more conversion steps. The indirect fired re-
heater and the gas-to-gas exchanger methods require the high-
est capi£a1 investment because each uses heat exchangers
which have poor heat transfer coefficients and, therefore,
require large heat transfer surface areas. Capital investment
for Method 2 is also relatively high because each in-line
burner requires a ratio control system to maintain the proper
air to acid gas ratio. The hot gas bypass method requires

the lowest capital cost,
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COS Conversion

One of the major problems encountered in Claus plants
where the feed contains carbon dioxide and light hydrocarbons
is the formation of carbonyl sulfide during high temperature
combustion. The conversion of carbonyl sulfide to sulfur

according to the reaction
2 CoS + 802 + 38 + 2 CO2 (R2-5)

is favored at high temperatures, but high conversion can be
obtained at low temperatures at space velocities below 200.

A graph of COS conversion versus temperature is shown in
Figure 5. At space velocities above 200 and at temperatures
where the conversion of carbonyl sulfide is complete, the
conversion of hydrogen sulfide is incomplete. For this
reason, most commercial processes involve two catalytic re-
actors where COS is present; the first is operated at a
temperature level of about 400°C to assure high conversion of
carbonyl sulfide, and the second reactor operating at as low
a temperature as practicable to maintain high conversion of

. hydrogen sulfide. At space velocities below 200, high conver-
sion of carbonyl sulfide will occur around 260°C, thus making
it possible to obtain conversion over 907 for both carbonyl

sulfide and hydrogen sulfide in a single catalytic converter.
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Ratio of Air to Acid Gas

To anyone studying Claus sulfur recovery processes, a
thorough understanding of the effect of the air to acid gas
. ratio on the overall recovery is essential. TFor any given
feed composition, the air to acid gas ratio that will yield
an HyS to SOy ratio in the tail gas of 2.0 must be maintained
for éptimum sulfur recovery. When recovery is high, the ratio
in the tail gas is very sensitive to the ratio of air to acid
gas. Since, with ordinary instrumentation, the HpS to SOj
ratio cannot be maintained exactly, it is important to be
aware of the loss in sulfur yield within the probable control
range of 90 to 110% of the correct stoichiometric amount of
alr. The loss in recovery is greater for a given percent
deficiency when compared with the same percent excess. This
vcan be shown by studying the stoichiometry and the equilibrium
of the reactions involved. The overall reaction to produce

sulfur from hydrogen sulfide is:
ZHZS +0, 2 25 + 2H20 (R2-6)

From the reaction, it can be seen that one mole of oxygen will
react to form two atoms of sulfur. An excess of oxygen would

convert sulfur already produced to SO, by the reaction

S + 0y 2 80, S (R2-7)
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Looking at the stoichiometry of the two reactioms only, the
effect on sulfur yield is only half as great for a given per-
centage excess air as for the same percentage deficiency. The
percentage deficlency or excess of air will set an upper stoi-
chiometric limit on the conversion possible., The difference
between this upper limit and 1007 will be twice as great for a
defiéiency. For example, the upper limit for a 107 deficiency
is 90%, while the upper limit for a 10% excess is 95%. The
maximum theoretical yield for each case will be governed by

the kinetics of the following reaction:
2H,S + S0, 7 3/2 S, + 2H,0 (R2-8)
The equilibrium expression for this reaction is represented by

3P 2
) (Sz) (HZO)

K (E2-1)

(1,5)" (50,)
From this expression, it can be seén that a higher than normal
HyS concentration (deficiency of air) will have a greater
effect on driving the reaction to the right than a higher than
normal SO, concentration (excess of air). This is because the
HyS concentration is raised to the second power in the equil-
ibrium expression while the S0, concentration is raised to

the first power. Thus, the theoretical recovery in the case
of a deficiency approaches the stoichiometric limit more

closely than for the same percent excess, but since the
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stoichiometric limit is lower than that fér an excess, the
actual yield is lower. Secondary effects, such as reactor
temperature rise and change in gas volume due to the excess

or deficiency have a negligible effect. A plot from the
literature(4) showing the sulfur recovery as a function of
excess air for a once through Claus plant with 1007 H,S feed
is shown in Figure 6. The relationship between excess air
“and sulfur recovery for a given plant is useful in determining
the economics of a tail gas analyzer with or without automatic

control of the air to acid gas ratio by the analyzer.

Catalytic Reactor

Conversion variables. Various laboratory studies have

been made to determine the effect of variables such as temp-
_erature, gas velocity, catalyst depth, and percent water in
the feed on the conversion in a catalytic reactor. Graphs of
variables versus conversion obtained from laboratory studies
made at the Matheison Chemical Corporation's McKamie plant
are shown in Figures 7 through 10. This particular study

~ represents the conversion of the HoS in furnace exit gas to
elemental sulfur. In Figure 7, the conversion is shown as a
function of catalyst temperaturé; The solid and dotted lines
represent furnace feed gas with no methane and 4% methane

: :espectively. For the case of 07 methane, the principal re-

action is between hydrogen sulfide and sulfur dioxide. Over
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the entire range studied, the conversion was favored by de~
creasing temperature. TFor the case of 47 methane feed, the
conversion passes through a maximum at 320°C. The combustion
of methane results in the formation of carbonyl sulfide, the
conversion of which is favored with increasing temperature,
At low temperatures, the carbonyl sulfide passes unchanged
through the converter resulting in a low overall conversion
even though the hydrogen sulfide-sulfur dioxide reaction is
substantially complete. As the temperature increases, more
carbonyl sulfide is converted and less sulfur is formed via
the hydrogen sulfide-sulfur dioxide reaction. Below 320°C,
the increase in conversion due to the conversion of carbonyl
sulfide is greater than the decrease due to the reduction in

the priméry reaction. Above 3205C, the reverse is true.

The effect of the catalyst bed depth on conversion is
shown in .Figure 8. The shape of the conversion-catalyst bed
depth curves depends to a large extent on the gas velocity
used, but an optimum catalyst depth generally exists for each
set of conditions, above which the addition of catalyst has
" a negligible effect on the conversion obtained. Thus, for
both curves shown in Figure 8, a 9 inch bed depth would be
considered optimum. At practical space velocities, the opti-

mum bed depth seldom exceeds 22 inches.
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The study of linear gas velocity'through the catalyst
bed is closely associated with the determination of the opti-
mum depth of the catalyst bed. For a linear velocity of zero,
equilibrium conditions would be obtained, and for high velo-
cities, the conversion would approach zero., The useful range
of gas velocity for the case of the 4 inch catalyst bed is
shown in Figure 9. In this range, the conversion decreases
in a linear manner with increasing gas velocity. Although low
velocities are desirable for high conversion, the size of the
converter required at extremely low velocities becomes imprac-—
tible. The range generally used is 0.5 to 2.0 feet per sec-

Ond (SoT.P.) .

The effect of water vapor in the feed gas on the con-
version is shown in Figure 10, The conversion increases with
"decreasing concentration of water in the feed. The presence
of water -vapor decreases both the rate of reaction and the

equilibrium conversion.

Temperature profile., Typical curves of the temperature

A profile in a catalyﬁic reactor are shown in Figure 11, The
linear temperature profile represented by the circular data
points indicates that the reaction, or heat generating'rate is
essentially constant over the range of the primary reaction.
Thé sharp change in slope of the profile indicates the termina-

tion of the primary reaction. For the case of the temperature
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profile represented by the triangular data points, a secondary
reaction is indicated by the continued temperature rise after
the. change . in slope due to the termination of the primary re-
action. This secondary reaction is.probably.a sulfur vapor

molecular weight change.

Catalyst bed contamination. To date no limit on the

life of bauxite catalyst has been observed, but because the
catalyst particles may become coated with carbon deposits,
causing increased pressure drop through the bed, the catalyst

is changed every three to five years.

If the temperature in the catalyst bed drops below the
dew point of the reaction mixture, the sulfur will deposit on
and deactivate the catalyst. This is only a temporary poison
and full activity can be restored by passing hot gas well
above its dew point through the bed until the condensed sulfﬁr
is removed. Sulfur removal can be followed by observing the
catalyst bed temperature rise. Some sulfur is always present
inside an oberating catalyst and does not necessarily indicate
an activity problem. It is hazardous to pass air over a re-
actor containing sulfur when the bed temperature is over 300°F,
The fire resulting from such a practice has been known to

burn a hole in the side of a reactor.
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CHAPTER 3

THERMODYNAMIC DATA

A study of the vapor density of sulfur by Preuner and
Schupp(14) has shown that at temperatures above 1200°K and below
-2000°K, the sole stable specie of sulfur is S,. Below 1200°K
and above 300°K, a complicated equilibrium exists between 82,
Sg» and Sg which is a function of temperature and the total
sulfur partial pressure. Preuner and Schupp have made ex—
tensive measurements from 573°K to 1123°K and found that the
average molecular weight of sulfur vapor in the range of the
normal boiling point is between that of S¢g and Sg and that the
observed vapor densities can be explained by a stepwise dis-
soclation of the type Sg = 5S¢ Z S5. Their work seems to rule
out the presence of S4s since the resulting equilibria were
not consistent with their findings. Presumably, a four
membered ring of sulfur atoms is not sufficiently stable at

these temperatures.

Preuner and Schupp measured the total pressure, the
volume, temperature, and mass of a system containing sulfur
vapor. They assumed that at 573°K and 623°K the concentration
of S, is so low that it can be neglected, and therefore, the

'only equilibrium to be considered is:

338 2z 456 ‘ - - (R3-1)



The equilibrium expression for this reaction is

Ky = (8)4/(sg)3

This system 1s conditioned by the equations

Py = pg + pg

PT V = nRT/M32

[

where Pg = partial pressure of Sg¢
Pg = partial pressure of Sg
Pp = total system pressure

V = gystem volume

=}
1

system mass
= atoms per molecule

gas law constant

H W X
1

= gbsolute temperature

24—

(E3-1)

(E3-2)

(E3-3)

Values of Pg and pg were calculated by substituting the experi-

mental data into equations E3-2 and E3-3 and were then used

to evaluate K, at 573°K and 623°K from equation E3-1 .

From

the values of Ky at 573°K and 623°K, the standard heat of re-

action, AH®, was calculated using the van't Hoff equation showm

below.

fn Ky (T1) /R (Ty) = -8H®/R 1/T; - 1/T,

(E3-4)
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By assuming the heat of reaction, AH®, 1s constant, Kq values

at higher temperatures were calculated.

In the temperature range from 623°K to 1123°K, the

reactions

and their equilibrium expressions
Ky = (59)3/5 (E3-5)
K, = (5)%/s (E3-6)
2 2 8

were considered in addition to reaction R3-1. With S, present,

the system is described by the following three equations:

Py + pg + Pg = Pr (E3-7)
MPp = 8pg + 6pg + 2p2 (E3-8)
= 4 3 -

Ky = (8)7/(Sg) (E3-9)

Solving equations E3-7, E3-8, and E3-9 simultaneously, the
partial pressures of all 3 species were calculated over the
temperature range of interest and were then used to calculate
the values of K2 and K3 from equations E3-5 and E3-6 respect-
ively. Based upon the calculated equilibrium constants, the

systematic variations of SZ’ 86, and SB have been developed
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and are shown in Figures 12, 13, and 14. The variation ob-
tained between the various types of sulfur at 1 atmosphere
total pressure above the boiling point of sulfur and the sat-
urated vapor pressure below are shown in Figure 15. Klemm and
Kilian(17), Braune and Nevelling(2), and others have also
studied the vapor density of sulfur. Klemm and Kilian, work-
ing with more modern equipment, reportedAhigher molecular
weights, but their work was interrupted by World War II and
never completed. Although Braune and Nevelling reported the
existence of 84 in addition to SZ’ 86, and S8’ preliminary
‘calculations in the critical temperature regions indicate that
the yield of sulfur based on the data of Preuner and Schupp is

in fair agreement.

Free Energy Relationships

Kelley(8) has developed thermodynamic relationships for
the standard free energy change of reactions R3-1, R3-2, and
R3-3 from the equilibrium constant values of Preuner and
Schupp. A discussion of Kelley's method of developing these

free energy relationships will follow.

AF% for the reaction Sg 3 45,. Since the specific heat

of Sg 1is unknown and there is no satisfactory method available

for calculating this quantity, it was arbitrarily assumed that
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ACp=6 for this reaction. Substituting AC#=6 into the standard

equations

M3 = AH_ + BaT + Ab/2 T + AC/3 T2 (E3-10)

©
AF,

the following two
(-]
AHT

°©
AFT

= M - IT Ab/2 ™ - Ac/6 T3
~ AaTfnT (E3-11)

equations are obtained:

AHO + 6T (E3-12)

AHO - 13.8T log T + IT (E3-13)

where T = temperature, °K

©
Aty

(-]
AFS,

standard heat of reaction at temperature T, cal

standard free energy change at temperature T, cal

" Since AF% = -RTnK, equation E3-13 was written in the form

) = -R&nK + 13.8T log T = AH_/T + I (E3-14)

Values of I were plotted against 1/T and a good approximation

to a straight line with a slope that yielded a value of AHO

95,200 calories was obtained over most of the temperature

range. A value of I = -62.28 was calculated by taking an

average of values

obtained by subtracting AH_ /T from I.

The final equations are:
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AH% = 95,200 + 6T (E3-15)
AP} = 95,200 - 13.8 log T - 62,28T (E3-16)
AH§98.1 = 96,990 cal (E3~17)
AF§98.1 = 64,670 cal (E3-18)

AF% for the reaction 3Sg 486. Since the specific

heat of 86 and SS are unknown, a value of ACp=2 was assumed

for this reaction. Based on this assumption, the equations

for AH% and AF% take the forms
AH% = AHO + 27 (E3-19)
AFs = M - 4.6T log T + IT (E3-20)

Using the same procedure as that used for the reaction Sg 2

482, the following equations were obtained:

AH,; = 29,250 + 2T (E3-21)
AFS, = 29,250 - 4.6T log T - 27.81T - (E3~22)
AH§98.1 = 29,850 cal (E3-23)
) AF§98.1 = 17,57Q cal (E3-24)

AF% for the reaction S¢ 3 3S,. The following express-

ions for AH% and AF% were obtained by combining equations

E3-15, E3-16, E3-21, and E3-22:



MHp = 64,090 + 4T
AF% = 64,090 -~ 9,2T log - 44,267
AB? = 65,280 cal

298.1

AF§98‘1 = 44,110 cal

-31~

(E3-25)

(E3~26)

(E3-27)

(E3-28)

Equations E3-25 and E3-26 show good agreement with the data

of Preuner and Schupp below 873°K.
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CHAPTER 4

COMPUTATIONAL AND ASSOCIATED BOUNDS

The exact mechanism for the selective oxidation of
hydrogen sulfide to elemental sulfur according to the overall
reaction

ZHZS + O2 Z 2Hy0 + S2 (R4-1)

is unknown. This reaction is conditioned by the equilibria
in the vapor phase between S,, Sg, andeS represented by the
reactions

35,

+4
o

S (R4~2)
48,  Sg ((R4-3)

and occurs by a complex reaction equilibria which includes

the following reactions :

2H,S + 30, 2 2H,0 + 250, - (R4-4)
2H,S + S0, 2 2H,0 + 3/2 S, (R4-5)
S, + 20, 7 250, | , (R4-6)

'Sinﬁe the thermodynamiq equilibrium constants for the reactions
R4-1, R4-4, and R4-6 are so great at the free flame combustion
_ temperature that no elemental oxygen exists in the reaction
mixture, the actual equilibria can be solved by considering

only reactions R4-2, R4-3, and R4-5.
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G. W. Gamson and R, H. Elkins have made a detailed study
of the theoretical equilibrium conversion of pure hydrogen
sulfide to sulfur vapor by selective oxidation with the stoi-
chiometric quantity of air according to reaction R4-1,

Their plot of conversion versus temperature at system pressures
of .5, 1.0, and 2.0 atmospheres is shown in Figure 16. The
percent conversion is defined in terms of the equilibrium
partial pressures by the equation

25, + 65 + 8Sg

% conversion = x100 (E4-1)
289 + 636 + 8Sg + HpS + S0

It can be seen from this plot that the conversion passes
‘through a minimum in the range of 800-900°K for all three
pressures, This minimum point roughly defines two regions of
behavior for the reaction; the catalytic region to the left of
ﬁhe minimum, and the thermal region to the right., 1In the low
temperature catalytic region, the presence of a catalyst is
required for the reaction to take élace and the conversion
increases with pressure at a given temperature. In the ther-
mal region, the reaction will take place in free flame combus-
tioﬁ without the use of a catalyst and the conversion decreases
with pressure at a given temperature. In the thermal region
~at temberatures above 1300°K, the reaction kinetics are rapid
-enough to achieve the maximum yield predicted by the thermo~
dynamics of the system. Both the minimum in the conversion

“curve and the reversal of the pressure-conversion relationship
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in the two regions are due to a shift in the sulfur specie
equilibria with temperature. With increasing temperature,
"the formation of 82 by reactions R4-~1 and R4-5 increases
while the formation of 86 and Sg by reactions R4-2 and R4~3
decreases. The pressure-conversion relationship can be
explained by analyzing the effect that pressure has on the
predominant reactions in each region. Reactions R4-2 and
R4-3, which are predominant in the catalytic region, result
in a decrease in the number of moles, while reactions R4-1
and R4-5, which predominate in the thermal region, increase
and effect no change respectively in the number of moles.
Since an increase in pressure tends to drive a reaction in
the direction of fewer moles, the conversion increases with
pressure in the catalytic region and decreases with pressure

in the thermal region.

Although the theoretical yield approaches 1007 at
around 400°K, the maximum yield in the catalytic region is
determined by the theoretical yield at the dew point of the
reaction mixture. Below the dew point, sulfur condenses and
- effectively poisons the catalyst. The total sulfur partial
pressure is plotted as a function of temperature and pressure
. dn Figure 17. The interéections of the sulfur vapor pressure
curve which is also plotted in Figure 17 with the sulfur par-
tial pressure curves correspond to the dew points at each of

the three system pressures. Since the dew point increases
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with system pressure, the maximum attainable yield increases
inversely with the pressure., However, along an isotherm in
the catalytic region, the yield is favored by increasing
pressure. The theoretical yields and dew points for the

systems shown in Figure 17 are summarized in Table 1 below.

TABLE 1

DEW POINT AND YIELD VERSUS SYSTEM PRESSURE

Total System Pressure Theoretical Dew Point Theoretical Yield

atm °K %
1/2 - 527 | 93.5
1 553 92.0

2 580 ' 89.7
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CHAPTER 5

THE COMPUTER PROGRAM

The Main Program

This computer program, which 1s written in Fortran IV,
calculates a complete heat and material balance for a "split
feedﬁ Claus sulfur recovery plant with hot gas bypass reheat-
ing. All calculations are based on an acid gas feed rate of
100 1b moles per hour and a system pressure of one atmosphere
absolute. Plants with one, two, or three catalytic reactors
corresponding to eleven, seventeen, and twenty-three streams
are provided for. A flow diagram of a three reactor plant
with streams numbered as they are in the program is shown in
Figure 18. Stream components are represented in the program
by a double subscripted variable STRM (i,j), where i is the
stream component number and j is the stream number. Each
stream has the following components with the associated num-

bers and units:

COMPONENT NUMBER COMPONENT UNITS
1 H, 1b moles/hr
2 H,S 1b moles/hr
3 H,0 1b moles/hr
4 N, 1b moles/hr
5 0, - 1b moles/hr
6 - 802 1b moles/hr
7 'S¢ 1b moles/hr
8 Sg 1b moles/hr
9 S, 1b moles/hr
10 1iquid sulfur 1b atoms/hr
11 total moles 1b moles/hr

12 _ temperature , °K

13 stream enthalpy BTU/hr
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Stream data is stored in blank common so that it can be easily
accessed from all parts of the program. The program input data
includes the acid gas feed composition and temperature, the
temperature of the combustion air, the outlet temperature of
each condenser, the fraction of burner outlet gas used to heat
the feed to each reactor, and the fractional conversion in
each reactor. Temperatures are specified in degrees Fahrenheit.
Each piece of data is read from a separate data card to pro-
vide flexibility when making up the input data. The acid gas
feed may contain nitrogen, water vapor, hydrogen, and hydrogen
sulfide in any proportion. Feed stream components such as
carbonyl sulfide, methane, carbon disulfide, and carbon mon-
oxide are not provided for. The program printout includes the
input data, the burner flame temperature, the components of
_each stream, the cooling loads of the waste heat boiler and
condensers, and the heating requirements of the reheaters.

The computer program listing and the printout from six

sample problems is shown in the APPENDIX.

One-third of the acid gas is fed to a burner where com-
" plete conbustion with the stoichiometric quantity of air tékes
place at the theoretical flame temperature. A subroutine
FLAME is called by the main program to calculate the theoreti-
cal flame temperature and thé material balance around the bur-
ner. The fraction of the burner exit gas specified is cooled

in a waste heat boiler and then combined with the two thirds
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of the feed bypassing the burner to form the feea to the first
reactor. The remaining burner exit gas is used in the frac-
tions specified as hot gas bypass for heating the feed gas to
the second or third reactors. The waste heat boiler subrou-
tine WHB determines the temperature of the gas stream leaving
‘the waste heat boiler and the rate of heat removal in the waste
heat boiler, The waste heat boiler exit temperature is initi-
ally set to 373°K in the main program before the reactor sub~
routine REACTR is called to perform the calculations for the
first reactor. TFor a lower limit, it is assumed that this
temperature will never be lower than that of steam at atmos-
pheric pressure. If a reheater is required to heat the first
reactor feed at this burner exit temperature, the reactor sub-
routine will set the reheater feed temperature equal to the re-
_actor feed temperature, thus eliminating the first reheater.

In this case, the subroutine WHB will calculate the temperature
of the bﬁrner exit temperature required to meet this condition.
In the unusual case where the reheater is not eliminated and a
cooler is required, the burner exit temperature remains at its
initial value of 373°K. This situation could only occur if the
acid gas feed temperature is abnormally high or if the st feed
concentration approaches 100%. With the exception of the first
reactor, each reactor in the plant is preceded by a mixer and a
reﬁeater and followed by a condenser. The outlet gas from the

previous condenser and the hot bypass gas are combined in a
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mixer to form the feed to the next reactor, which is then heat-
ed to the desired temperature by the reheater. The mixer has
no physical significance as this type of mixing would normally
be accomplished in a pipeline in the typical industrial plant,
The mixer subroutine MIXER calculates the temperature and com-
position of the mixer ocutlet stream takipg into account the
complex equilibria between Sps Sgs and Sg. The heater calcu~
lations, which are performed by the subroutine REACTR, deter-
mine the rate of heat addition in the heater and the reactor
feed composition, which changes in passing through the heater
due to the equilibria between S,, Sg, and Sg. It is assumed
that no reaction takes place between H,S and S0, in either the
mixer or the heater. If the calculated rate of heat addition
is negative, a cooler is required to meet the conditions speci-
fied in the input data. Although this condition is not auto-
matically corrected by the program, a reduction in the amount
of hot gas bypass or the reactor conversion would eliminate

the need for cooling. The combination of a mixer, reheater,
reactor, and condenser is repeated in the main program by sys-
tematically numbering the streams so that there is a mathema-

tical relationship between them.

There is no provision for incinerator tail gas treat-

ment of the gas stream leaving the last condenser.

Each of the subroutines and function programs used in

the main program are described below.
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Subroutines and Function Programs

In the mathematical expressions used in the descrip-
tions which follow, brackets will be used to identify stream
numbers, and the variables names used will be the same as

those in the program where possible,

Subroutine FLAME (TADBF). This subroutine calculates

the adiabatic flame temperature of the acid gas stream passing
through the burner and a material and energy balance around

the burner. The quantity of combustion air (steam 3) is cal-
culated from the stoichiometry of the two combustion reactions

taking place in the burner shown below.

+1/2 0. > H.0 (R5-1)

H 2 T Hy

2

H,S + 3/2 o, + SO, + H,0 _ (R5-2)

2 2

‘The total oxygen is calculated as follows:
The nitrogen in the combustion air is therefore

N2[3] = ,79/.21 x 02[3] (E5-2)

The total moles of combustion air is calculated by adding the

moles of Nz and 02

AIR[ﬁ] = 02[3] + N2[3] (E5-3)
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The components in the burner exit stream are calculated as

follows:
H,0[4] = Hy[2] + HyS[2] + Hy0[2] (ES-4)
Ny[4] = Np[3] + Ny[2] (E5-5)
50,[4] = H,S[2] | (E5-6)
TOTAL MOLES[4] = HZO[Q] + H20[4] + N2[4] + 802[4] (E5-7)

To calculate the flame temperature, the variable FUNCT express-
ing the change in enthalpy in the burner is calculated and
checked for convergence with the function program WAYA. The

variable FUNCT is defined as

FUNCT = SENTH(2) + SENTH(3) - SENTH(4)

- Mgy x Hyl2] - Mpg

x HyS[2] (E5-8)

where SENTH(N) = enthalpy of stream N, BTU/hr

AHRS—l = standard heat of reaction at
25°C for R5-1, BTU/hr
AHRS—Z = standard heat of reaction at

25°C for R5-2, BTU/hr

The function program SENTH is used to calculate the stream
,enthaipies in this expressidn. The upper and lower limits of
flame temperature specified with WAYA are 4000°K and 373°K

respectively. If these limits do not yield values of FUNCT
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which bracket zero, the desired value, the message
ADIABATIC FLAME TEMP CALC DID NOT CONVERGE

is printed out and the subroutiﬁe is exited without completing
the calculation. If FUNCT has not converged, WAYA selects a
new value of temperature and FUNCT 1s recalculated. TIf FUNCT
converges or if 99 trials are exceeded, the calculation is
complete and the subroutine returns the adiabatic flame temp-

erature to the main program.

Function WAYA (A, ANS, TOL, START, STOP, LEVEL). The

function program WAYA estimates the value of an independent
variable START that will make the single valued function A
(dependent variable) converge to within * TOL of the desired
value, ANS. The other variables associated with the function
are defined as follows:
STOP = upper limit of the dependent variable START
WAYA = a flag used to indicate the status of the
convergence. On exit, the value of WAYA is:
- if A has not converged and a new value of
START has been estimated
0 if A has converged to within tolerance or
99 tri#ls have been exceeded
+ if A cannot converge because the values of
A calculated at START and STOP respectively

do not bracket ANS.
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.In using WAYA, it is important not to set the tolerance
TOL too small or the calculation will not converge within 99
trials and also to select the limits of START so that they
yield values of A which bracket ANS. The number of allowable
trials is a constant which can be changed to any desirsble

value.

The algorithm employed is a combination of linear inter-
polation and the principle of having, each having an equal
weight. TIf the function is not bounded with the first two
trials, the subprogram terminates the calculation and returns
the respective trial independent variable having the minimum

error.

Function SENTH(K). This function program calculates

the enthalpy of stream K relative to 25°C by summing the en-
‘thalpies of the stream components. The function program EQUA
calculates the individual componenf enthalpies using the con-
stants stored in block data area HFDT. The equation and the
source of constants used to calculate component enthalpies is
discussed in the APPENDIX. The five constants associated with
each component yield an enthalpy value in units of calories
per gram mole when the temperature is in °K. The stream en-

- thalpies are therefore multiplied by 1.8 to convert to units

of BTU per hour before returning the value to the main program.
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Function EQUA (X, C). This function program calculates

the value of a polynominal of the form
= 2 se s 00 —.1 ' -
Y = Ag + AjX + A XS+ ARy + Ay X (E5-9)

using a nested expansion to calculate the value of Y excluding
the last term, which is added on at the end. The X1 term has
been included so that the function program can be used for
component enthalpy expressions which take this form. Sulfur
dioxide 1s the only one at present. The nested expansion pro-
cedure improves the accuracy of the'calculation by reducing
the round of error. The variable C is the starting address of
the array where the polynomial constants are stored in compu-

ter memory. The constants are stored in the following order:

M = C(1)
Ay = C(2)
Al = C(3)
A2 = C(4)
Ay = c(M+2)

Ay = C(M+3)
The value of Y is transférred to the main program.

‘Subroutine MIXER (IN1, IN2, MIX, K). The subroutine

calculates the composition and temperature of stream MIX
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formed by mixing streams IN1 and IN2 in mixer K.

The temperature of the stream MIX is calculated in one
iterative loop by setting up an enthalpy balance around the
mixer and solving for the temperature which makes the process
adiabatic. The reaction equilibria between Sos Sgs and 38 is
solvgd at each temperature and included in the enthalpy bal-
ance. Before starting the iterative loop, the individual
components of stream MIX are calculated by adding streams IN1
and IN2 on a componental basis. At this point, the amounts
S5 Sgs and Sg haﬁe been calculated by straight addition with-
out considering the reaction equilibria because the temperature
of stream MIX is unknown. The function program WAYA is used
to estimate the temperature of stream MIX and test the follow-

ing enthalpy expression for convergence:

H = SENTH[IN1] + SENTH[IN2] - SENTH(MIX)

If the stream MIX contains any sulfur, the subroutine SPLIT is
called to calculate the amounts of Sys Sg» and 88 before evalu-
ating equation E5-10. The function program SENTH is used for
calculating stream enthalpies. The lower temperature limit is
set equal to that of the lower temperature stream entering the
mixer. The upper limit is set arbitrarily at 2000°K, a figure

which is based on typical operating conditions of a Claus Plant.
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If these limits do not yield values of H which bracket the

desired value, the message
MIXER K DOES NOT CONVERGE

is printed out and the subroutine is exited without completing
the remaining calculations. If H has not converged, WAYA
estimates a new value of temperature and the calculation is
repeated. If H converges or if 99 trials are exceeded, the
subroutine returns to the main program. The components of

" stream MIX are now stored in blank common.

Subroutine EQUAL (N1, N2). This subroutine sets the
first eleven components of stream N2 equal to the correspoﬁd—
ing components of stream Nl. It is used in many parts of the
program where calculations involve two streams differing in

" only a few components.

Subroutine REACTR (NI, CONV, NO, IR, HEAT, I). This

subroutine calculates a heat and material balance around a
catalytic reactor and its associated reheater based on the
specified conversion and the requirement that the reaction be
adi&batic. The variables specified in using the subroutine

are as follows:

NI = number of the stream entering the reheater
CONV = conversion of HZS and 802 converted to SZ’ S6,

and’S8 based on the entering 802
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NO = number of the reactor outlet stream
IR = number of the reactor inlet stream
HEAT = reheater heat input, BTU/hr

I = reactor number

In carrying out this calculation, the temperature at which the
specified conversion takes place must be determined and then

checked to make sure it is above the dew point of the reaction
mixture. As explained in CHAPTER 1, only the following three

reactions are considered in solving the reaction equilibria:

382 2 Se | (R5-4)
45, = Sg (R5-5)

The equilibrium expressions for these reactions are:

2 3/2 1/2
pqr1 = (WA) (82) I (E5-11)
(H25) 2(502) TMOLES
' EQR2 = S6 TMOLES (E5-12)
(s2)3 1
S8 TMOLES |°
EQK3 = (E5-13)

(s)4 | - 1



-50-

where EQKN = equilibrium constant for reaction N at
temperature T
TMOLES = total moles in the reactor, 1b moles/hr
§2 =

moles of S, in reactor, 1b moles/hr

S6 and S8 are defined similarly.

Because the system pressure has been taken as one atmosphere,
the total pressure term Il drops out of these three expressions.
The equilibria is solved by performing the calculation in
three iterative loops. The reaction temperature, the total
moles, and the moles of 56 are calculated in the outer, middle,
and inner loops respectively. The calculation starts in the
inner loop with initial values of T and TMOLES by calculating
a value of S6. The variable in each loop is tested for con-
vergence by a function program WAYA, which estimates a new
value of the variable if it has not converged. Each time a
new value of a variable is estimated, the calculation is re-
peated starting with the inner loop. For example, if a new
value of TMOLES is estimated, the calculation is repeated
starting with the inner loop using the current value of T and
the new value of TMOLES. If a new value of T is estimated,

the calculation is repeated starting at the inner loop with
fMOLES and S6 equal to their initial values and T equal to the

new value.
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In the inner loop values of $2 and S8 are calculated
from the estimated values of $6, TMOLES, and T using the

following two equations:

3 2/3
/ (TMOLES) / (E5-14)

(Er2)1/3

1

(86)4/3 1

Ex2) /3 (mvorEs) /3

S8 = EQK3 (E5-15)
These two equations were obtained by solving equations E5-12
and E5-13 for S2 and S8 respectively in terms of S6. Equili-
brium constants EQK2 and EQK3 are calculated by the function
program EQK. To see if the estimated value of S6 satisfies
the sulfur atom balance, a variable BAL is calculated and

tested for convergence by WAYA, The sulfur atom balance can

be expressed as

2 x S2[NO] + 6 x S6[NO] + 8 x S8[NO] =

2 x S2[NI] + 6 x S6[NI] + 8 x S8[NI] + SF - (E5-16)

]

~ where S$2{NO] S, in the reactor outlet stream,
16 moles/hr
Other components are similarly defined

SF = sulfur atoms converted to SZ’ Sg»

and Sg, 1b atoms/hr
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The value of SF in this equation is calculated from the speci-

fied conversion, CONV, which is defined as

coNv = . SF____ C(E5-17)
3 % SOZ[IR]

The conversion is defined only in terms of 50, because the hot
gas bypass method of reheating is used, and therefore, the
ratio of HZS/SOZ in the reactor feed will always be 2.0 or
greater. A definition in terms of H § and SO would not re-
present the true conversion in cases where the HjS and S0p
were not present in stoichiometric amounts. The variable BAL
is defined in terms of equation E5-16 as follows:

(2xS2[N1] + 6xS6[NI] + 8xS8[NI] + SF)

If BAL has not converged a new value of S6 is estimated and
the inner loop is repeated. The inner loop is repeated until
BAL converges of 99 trials are exceeded. If the upper and
lower limits of S6 do not yield values of BAL which bracket

the desired value, in this case zero, the message
SULFUR BALANCE IN REACTOR DOES NOT CONVERGE

is printed out and subroutine returns to the main program
without completing the reactor calculation. If BAL converges,
the subroutine proceeds to the middle loop. The initial value
of S6 1s zero and the upper limit is calculated from the fol-

lowing equation:
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SEMAX = (1xS2[N1] + 3xS6[NI; g 4xS8[NT] + 1.5%xS02[{NIl)

(E5-19)

This equation calculates the moles of 86 in the reactor
assuming maximum conversion and that all sulfur is in the

form of Sge
The mole balance is checked in the middle loop by cal-
culating the variable TMCHK defined by

_ TMOLES
TMCHK = 1.0 - freire (E5-20)

The variable TMCALC in this equation is defined as

© TMCALC = Np[NI] - SF/3.0 + S8[NO] - S8[NI] + S6[NO]
- S6[NI] + S2[NO] - S2[NI] (E5-21)
where NT[NI] = total moles in stream entering the

reheater, 1b moles/hr

The function program WAYA is used to test the variable TMCHK
for convergence and select a new value of TMOLES if TMCHK has
not converged. With each new value of TMOLES, the calculation
is repeated starting at the inner loop. If TMCHK converges or
if WAYA exceeds 99 trials, the calculation proceeds to the

outer loop. The initial or lower limit of TMOLES is calcula-

ted from the following equationﬁ

TMMIN = NT[NI] - .25xS6[NT] - .75xS2[NI]

~ 5/16xH2S[NI] ' (E5-22)
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which assﬁmes that all the S2 and 86 in the reactor feed stream
and all the sulfur that is converted in the reactor takes the
form of Sg. The upper limit of TMOLES is calculated with the
equation

TMMAX = NT[NI] + .25xH2S[NI] + 2xS6[NI]

+ 3xS8[NI] ' . (E5-23)

which assumes that all the 58 and 56 in the feed and all the

sulfur converted take the form of Sye

In the outer loop, individual component values are cal-
culated and tested for compliance with the equilibrium expres-
sion E5-11 at the current temperature. The component values

are calculated from the following equations:

H20[NO] = H20[NI] + 2/3 x SF (E5~24)
H2S[NO] = H2S[NI] - 2/3 SF (E5-25)
SO02[NO] = SO2[NI] - SF/3  (E5-26)

The variable EQN2, defined by

1.0-wa[No]) 2(s2[no1) 3/ 2

EQN2 =
m2s[N0])2(s02[No] TMOLESY/? EQKL

(E5-27)

is.calculated and tested for convergence by the function pro-
gram WAYA., If the uppef and lower limits of temperature do
not yield values of EQN2 which bracket zero, the desired
Value, the message

CALC. FOR TEMP DOES NOT CONVERGE
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is printed and the subroutine returns to the main program
without completing the remaining calculations. The upper and
lower limits of temperature chosen are 850°K and 400°K respec-
tively. These temperatures bracket the catalytic conversion
region shown in Figure 16. If EQN2 does not converge, WAYA
estimates a new value of temperature and the calculation is
repeated from the inner loop. If EQN2 converges, the total
sulfur partial pressure is compared with the vapor pressure of
sulfur to determine if the reaction temperature is above the
des point of the reaction mixture. The partial pressure of

sulfur 1s calculated from the equation

p = 52+ 86 + S8 (E5-28)
s TMOLES

and the vapor pressure is calculated by the function pfogram
VP. If the reaction temperature is below the dew point, the
specified conversion is decreased by 0.0l and the calculation
is repeated from the beginning. If the reaction temperature
is above the dew point, the subroutine proceeds to the heat

balance around the reactor and its associated reheater.

In calculating the heat balance, the reactor inlet
temperature is first calculated by solving an expression for
the enthalpy change in the reactor using the function program
WAYA. The expression used is

HCHG = SENTH[IR] - SENTH[NO] - AHR5_3 at 25°C X

ASO2 + MHpg , X AS6 + AHps o X AS8  (E5-29)
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whére ASO2

n

the change in flow of SO, across the
reactor, lb moles/hr

AS6, AS8 are defined similarly

it

AHRS-B standard heat of reaction at 25°C for
reaction R5-3
AHR5_4 and AHR5_5 are similarly defined

SENTH[IR]

the enthalpy of the reactor inlet stream,
BTU/hr

SENTH[NO] is similarly defined

The function program SENTH is used to calculate the stream
enthalpies in this expression. The calculation of AHpg_5 is
shown in the APPENDIX, while AHps_4 and AHps_s5 were obtained
from Kelley's data. Since the second and third reactor inlet
streams will contain sulfur, the subroutine SPLIT is used to
calculate the equilibrium distribution of S,, Sg, and Sg be-
-fore calculating AS6 and AS8 in the expression above. 1In the
case of the first reactor, SPLIT is not used. If the upper
and lower limits of inlet feed temperature do not yield values
of HCHG which bracket the desired value, the subroutine prints
6ﬁt the message

CALC FOR REACTOR N INLET TEMPERATURE DOES NOT CONVERGE

The upper and lower limits of inlet temperature used are 298°K
and 2000°K. These are broad limits chosen to encompass all

practical problems. If HCHG has not converged, the calcula-
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tion is repeated with a new value of inlet temperature. When
HCHG converges, the subroutine proceeds to calculate the heat

load of the reheater using the following equation:

HEAT = SENTH[IR] - SENTH[NI] - AHR5—4 X

AS6 - AHRS—S X As8 (E5-30)
ﬁhere HEAT = reheater heat load, BTU/hr

In the special case of the first reactor, if the reactor inlet
temperature is greater than the reheater inlet temperature,
the two temperatures are set equal to eliminate the need for
a reheater. In the unusual case where this is not true, a
cooler is required upstream of the first reactor, the cooling

load being calculated by equation E5-30.

Before exiting the subroutine, the initial value of
conversion is compared with the current value, and if they are

different, the message

SPECIFIED CONVERSION IN REACTOR OCCURS BELOW

DEW POINT. CONVERSION REDUCED TO X X X

is printed out.

Function EQK (NO, T). This function program calculates

the eqﬁilibrium constant for reaction number NO at temperature
T, The three reactions provided for and their respective re-

action numbers are listed below:
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NO

=1  2H,S+ S0, 2H,0 + 3/2 8, (R5-6)
NO =2 35,2 Sg - (R5-T)

The equilibrium constant is calculated with the following

equation:
FREE

pgk = € RT : | (E5-31)

where FREE

ft

the standard free energy change at
temperature T, cal/g mole

T = temperature, °K

=
i

ideal gas constant = 1,987

= 1,987 g cal/g mole, °K

The value of the standard free energy change FREE used in this

equation is calculated using the following general equation:

= 2 3
FREE = Cl + CoT + C3T + CAT + CS/ZT

where T = temperature, °K
Cl’ C2’ C3, C&’ CS’ C6 = constants associated

with each reaction

The value of the first four terms is calculated first by nest-
ed expansion and then the last two terms are added on. The
six constants associated with each of the three reactions are

stored in a 3x6 array by a data statement at the beginning of
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the function program. Equation E5-32 and the source of the
constants for each of the three reactions are discussed in

the APPENDIX.

Subroutine WHB (QOUT). This subroutine calculates the

cooling load, QOUT, of the waste heat boiler in BTU per hour.
bThe cooling load is calculated directly from the change in
enthalpy of the gas stream passing through the boiler after
first calculating the temperature of the outlet stream if this
is required. If the first reheater has been eliminated by the
reactor subroutine REACTR, this temperature is calculated by
satisfying the enthalpy balance around the first mixer. The

variable DELH defined as

DELH = SENTH(5) + SENTH(6) - SENTH(7)

where SENTH(5) the enthalpy of the H,S feed

' entering mixer 1, BTU/hr

SENTH(6) = the enthalpy of the hot gas
bypass entering mixer 1, BTU/hr
SENTH(7) = the enthalpy of the combined stream

leaving mixer 1, BTU/hr

is célculated and tested by the function program WAYA for
convergence. The upper and lower limits of the temperature
of stream 6, which is the unknown in this equation, are set

- equal to the boiler inlet temperature and 373°K respectively.
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Since the boiler is used to generate low pressure steam, this
temperature cannot be lower than that of steam at one atmos—
phere. If these limits do not yield a value of DELH which

brackets the desired value, the message
WASTE HEAT BOILER CALC DOES NOT CONVERGE

is printed out and the subroutine is exited without completing
the calculation. If DELH has not converged, WAYA selects a
new value of temperature and the calculation is repeated. If
DELH has converged or 99 trials are exceeded, the cooling load,

QOUT, 1s calculated from the following equation:

QOUT = - SENTH(4) + SENTH(12) + SENTH(18)

+ SENTH(6) | (E5-33)

_The streams identified in the equation are shown in Figure 18.
If the first reheater has not been eliminated and the;efore a
cooler i; required, QOUT is calculated using equation E5-33
directly, since the temperature of stream 6 is initially set
at 373°K in the main program. The value of QOUT is returned

by the subroutine to the main program.

Subroutine COND (TCOND, IV, LV, LL, HEAT, I). The con~

- denser subroutine calculates the condenser cooling load, and
the composition and flow rate of the outlet liquid and gas
streams. The temperature of the outlet gas stream is speci-

fied in the program input data. The variables associated with
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the subroutine are defined as follows:

TCOND

it

condenser outlet temperature, °F
IV = stream number -~ inlet gas

LV = stream number - outlet gas

1L = stream number - liquid sulfur

HEAT

1

condenser cocoling load, BTU/hr

1 = condenser number

The outlet temperature, TCOND, which is read in as part of
the irput data in °F, is converted to degress Kelvin before

any calculations are made,

The first step of the subroutine is to determine if the
specified condenser temperature is above the freezing point of
sulfur and below the dew point of the inlet stream. The dew
point is calculated by the subroutine DEWPT and if it is above

" the dew point, the error message
SPECIFIED TEMP FOR CONDENSER IS ABOVE DEW POINT

-is printed out and the subroutine returns to the main program
without completing the condenser calculations. If the dew
point criteria is satisfied, the outlet temperature is com-
pareé with the freezing point of sulfur and if it is below,’

the error message

TEMP IS TOO LOW, SULFUR FREEZES AT 392°K
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is printed out and the cutlet temperature ig arbitrarily set
to 400°K. At this temperature the mole fraction of sulfur in

the gas stream is reduced to less than .0006.

To calculate the material balance, the amounts of SZ’
Sé, and 58 in the outlet gas stream are determined in an iter-
ativg loop and the flow rate of liquid sulfur is calculated
6’ and S8 in the out-

let gas stream is calculated from the following equation:

by difference. The total moles of Sz, )

VP X(NT[IV] - 5268)

TOTSP = i (E5~-34)

where TOTSP

total moles of SZ’ Sg» and Sg in the
outlet gas, 1b moles/hr

VP = vapor pressure of sulfur at TCOND, atm

§268 = total moles of 895 Sg» and Sg in inlet
gas stream, 1b moles/hr
NT[IV] = total moles in inlet stream, 1b moles/hr

The combined vapor pressure of Sos Sg» and Sg is calculated by
the function program VP. The total moles in stream LV is then

calculated by difference using the following equation:
NT[LV} = Np[IV] - 5268 + TOTSP (E5-35)

The moles of 86 are estimated by the function program WAYA and

then used to calculate the moles of 82 and 88 from the follow-

ing two equations:
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s2 = (56/EQx2)*/3 x N 2/3(wv] (E5-36)
s8 = BQK3 X (86/BQr2)4/3 /8,1 311 (E5-37)
~where EQK2 = equilibrium constant for reaction

R5~4 at temp, TCOND

EQK3

equilibrium constant for reaction

R5~5 at temp, TCOND

The equilibrium constants EQK2 and EQK3 are calculated by the
function program EQK. The sulfur mole balance is checked by

calculating the variable DIFF, which is defined by

(S8(LV) + S6[LV] + S2[LV])
TOTSP

DIFF = 1.0 - (E5-38)

and then using the function program WAYA to test for conver-
.gence. The upper and lower limits of 86 specified for use
‘with WAYA are the value of TOTSP and zero respectively. If
the upper and lower limits of S¢ do not yield values of DIFF
which bracket the desired value, the following error message

is printed out:
CONDENSER CALC DOES NOT CONVERGE

If DIFF hasn't converged, WAYA selects a new value of 86 and
DIFF is recalculated. If DIFF has converged or 99 trials are
exceeded, the moles of each specie of sulfur condensed are

~ calculated from the following equations:



S2CD = S2(IC) - S2(LV)
S6CD = S6[IV] - S6{LV]
88CDh = S8[IV] -~ S8[LV]
where S2CD = moles of S, condensed, 1b moles/hr

S6CD

moles of Sy condensed, 1b moles/hr

S8CD

i

moles of Sy condensed, 1b moles/hr

Since liquid sulfur exists in several allotropic forms

thermodynamic data is usually given in terms of atoms,
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(E5~39)
(E5-40)

(E5-41)

and the

the

amount of liquid sulfur is calculated and varried through the

progran in pound atoms. The amount of liquid sulfur leaving

the condenser is calculated from the following equation:

SLIQ = 2 X S2CD + 6 X S6CD + 8 X S8CD

(E5-42)

where SLIQ = flow rate of liquid sulfur, 1b atoms/hr

The condenser heat load is calculated from the following

equation:
HEAT = HVAP(S2CD + S6CD + S8CD)

+ SENTH[IV] + SENTH{LV]

(ES5-43)

~ where HEAT = condenser cooling load, BTU/hr
HVAP = latent heat of vaporization of sulfur,
BTU/1b mole
SENTH[IV] = enthalpy of inlet gas stream, BTU/hr
SENTH[LV] =

condenser exit temperature, BTU/hr

enthalpy of inlet gas stream at the
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The latent heat of vaporization is calculated from the follow-
ing equation:

HVAP = 1.987(2.3) (4940~4.08x10™>T2) (1.8) (ES-44)

]

where T = temperature in °K

it

"HVAP = latent heat of vaporization, BTU/1b mole

This‘equation 1s derived from the expression for the vapor
pressure of sulfur and the Clausius Clapeyron equation. These

equations are shown below.

fn VP = 2,3(-4940,0/T~-.00408T + 9.811) (ES5-45)
where VP = vapor pressure of sulfur, atm

T = temperature, °K

AR
d{nVP VAP
— E5-46
dr RTZ ( )
vhere R = 1,987 g cal/g mole, °K

L

AHVAP latent heat of vaporization of sulfur,

cal/g moles

T = temperature, °K

The Clausius Clapeyron equation is based on the assumptions
that the volume of the liquid phase is negligible compared
with the vapor phase and that the vapor obeys the ideal gas
law. Equation E5-44 is derived by substituting the value of

- d%nP/dT obtained by differentiating equation E5-45 with re-
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spect to temperature into equation E5-46 and solving for

AHVAP' My,p 1s then multiplied by 1.8 to obtain HVAP.

The enthalpy of the liquid sulfur stream in BTU/hr is
calculated relative to the gas at 298°K from the following
equation:

H(LL) = SENTH[IV] - SENTH{LV] + HEAT (E5-47)

Function VP (T). This function program calculates the

combined vapor pressure of sulfur (S, + S, + Sy,) using the
2 6 8

'following equation:

vp = 10(-4940.0/T-.00408T+9.811) (E5-48)

where VP = vapor pressure of sulfur (SZ+S6+S8)’ atm

T = temperature, °K

' This equation was obtained from Kelley's data on the proper-

ties of sulfur.

Subroutine DEWPT (NO, T). This subroutine calculates

the dew point temperature, T, of stream NO containing sulfur
vapor. The calculation is made in one iterative loop using
the function program WAYA to estimate the temperature. At
each temperature, the partial pressure of sulfur is compared
with the vapor pressure by calculating the variable DEW,

defined as

DEW = 1.0 - (S2[NO] + S6[NO] + S8[NO]) (E5-49)
Np[NO] X VP ' '
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NT[NO] = total moles in stream NO, 1b moles/fn

and then using the function program WAYA to check for conver-
gence. The amounts of SZ’ 86, and 58 and the total moles are
calculated by the subroutine SPLIT, and the vapor pressure of
sulfur is calculated by the function program VP. The upper
and lower limit of temperature are specified as 7178°K and
425°K respectively, corresponding to sulfur vapor pressures
of 1.0 atmospheres and .0003 atmospheres., These temperature

limits therefore bracket the dew points of streams with sulfur

" mole fractions between 1.0 and .0003. 1If these limits do not

yield values of DEW which bracket the desired value, the
message

DEW POINT CALC ON STREAM NO DOES NOT CONVERGE

is printed out and the subroutine is exitedeithout completing
the calculations. If DEW has not converged, WAYA estimates a

‘new value of temperature and the calculation is repeated. If
WAYA exceeds 99 trials or the calculation converges, the sub-

routine returns the value of T to the main program, but the

éomposition of stream NO is not changed.

Subroutine SPLIT (N1, N2, TEMP). This subroutine cal-

culates the composition of stream N1 at temperature TEMP. The
composition and total moles in stream N1 change with tempera-
ture due to a shift in the equilibria between components 89,

SG’ and SS. The variables specified when using the subroutine
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are as follows:
N1 = stream number at the original temperature
N2 = stream number at TEMP

TEMP = temperature of stream N2

It is possible to specify the same number for N1 and N2 if
desirable, a feature which has been used several times in the

program,

The calculation performed is similar to that of the
reactof subroutine REACTR, but is not as complex because the
final temperature is known. The calculation therefore only
requires two interative calculation procedures. In the inmer
loop, the moles of Sg is estimated by the function program
WAYA and then this value is used along with the value 6f total
moles estimated in the outer loop to calculate the moles of

S, and Sg using equations E5-14 and E5-15, The sulfur balance
| is checked at the end of the inner loop by calculating the

variable BAL, where BAL is defined as

(2 X S2[N2] + 6 X S6[N2] + 8 X S8[N2])

,FAL = 1,0 - 2 X S2MAX (E5-50)
and where
S2MAX = S2[N1] + 3 X S6{N1] + & X S8[N1] (E5-51)

and then using WAYA to test BAL for convergence. The upper
and lower limits of S specified for use with WAYA are S2MAX/ -

3.0 and zero respectively., If the limits do not yileld values
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of BAL which bracket the desired value,‘the message
SULFUR BALANCE IN SPLIT CALC ON STREAM N1 DOES NOT CONVERGE

is printed out and the subroutine i1s exited without completing
the calculation. If BAL has not converged, WAYA selects a
new value of 86 and the inner loop calculations are repeated,
If BAL has converged, the calculation proceeds to the outer

loop where the total moles, TMCALC, is calculated from the

following equation:

TMCALC = NT[Nl] - S2[N1] - S6[N1] - S8[N1]

+ S2[N2]1 + S6[N2] + s8[N2] - (E5~52)
where NT[Nl] = total moles in stream N1, 1b moles/hr

The total moles calculated, TMCALC, is then compared with the
" total moles estimated, TMOLES, by calculating the variable

TMCHK, where TMCHK is defined as

TMCHK = 1.0 - OPES (E5-53)

and then testing for convergence with WAYA. The lower limit

" of TMOLES, TMMIN, is calculated from the following equatioﬁ:
TMMIN = NT[Nl] - .75 X S2{N1] - .25 X S6[N1] (E5-54)

This equation is based on the assumption that all the 82 and
S¢ in stream N1 is converted to S8‘ The upper limit, TMMAX,

is célculated by aésuming all the 36 and Sg in stream Nl is
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converted to S,. The following equation is used to calculate

TMMAX : ‘
TMMAX = NT[Nll 4+ 3 X S8[N1] + 2 X sé6[nNi] (E5-55)

If these limits do not yield values of TMCHK which bracket the

desired value, the message
TOTAL MOLE BALANCE IN SPLIT CALC ON STREAM N1 DOES NOT CONVERGE

is printed out and the subroutine is exited without completing
the calculations. If TMCHK has not converged, WAYA selects a
new value of TMOLES and the calculation is repeated from the
inner loop. If convergence occurs or if 99 trials are exceed-
ed, the values of S,, Sg» and 88 and TMOLES are assigned to
the respective components of stream N2 and the subroutine

returns to the main program.

The variable TMOLES was selected for the outer loop
because it is the least sensitive variable and its limits are
easily calculated. With the least sensitive variable in the

outer loop, the calculation converges more rapidly.

Subroutine PRINT (NO). This subroutine prints out the

thirteen components of stream NO according to the format shown
in the sample in the APPENDIX. The mole fractions are calcu-
lated from the stream component data stored in blank common,
All stfeam enthalpies are c#lculated by the subroutine, except
for those of liquid sulfurAstreams, which are calculated by

the condenser subroutine COND.
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CHAPTER 6
RESULTS

To verify the accuracy of some of the calculations per-
formed by the computer program, standard free energy values

and equilibrium constants for the reactions

2H,S + 50, 3/2 S, + 2H,0 (R6-1)
38, 7 S¢ | (R6-2)
4S9 1 Sg - (R6-3)

and temperature-conversion data for the overall reaction were

calculated and compared with the results of Gamson and Elkins.

Standard free energy and equilibrium constant values
are compared in Tables 2 and 3 respectively. The largest per-
cent difference in the free energy values is 21.5%Z. Of the
twenty seven values listed, only three values show a percent
difference greater than 2%, and the absolute difference for
these three values is less than 30 calories per gram mole.
The largest percent difference in the equilibrium constants
shown in Table 3 is 10.8% and only five of the twenty three
constants differ by more than 2%. Thermodynamic data from
several sources (8)(16)(13) were tested to find the best com-
parison with Gamson and Elkins. The results tabulated were

calculated from thermodynamic data from Kelley(8) and Smith



- FREE ENERGY CHANGES IN CALORIES PER GRAM MOLE

TABLE 2

TEMP., °K

REACTION 400 600 800 900 1,000 1,100 1,200 1,600 2,000
Gamson
& Elkins 5,793 2,958 -93 -1,547 -3,000 -4,459 ~5,917 -11,598 -17,057
Computer
Program 5,781 2,834 -113 ~1,577 -3,032 -4 ,478 -5,915 -11,567 -17,076
% Diff. 0.207 4,20 21.5 1.94 1.07 0.427 0.0339 0.268 0,111
Gamson
& Elkins -36,815 -22,196 -7,310 203 7,750 15,370 23,016 53,883 85,157
Computer v
Program -36,800 -22,181 -7,291 233 7,801 15,409 23,054 53,944 85,237
% Diff. 0.0407 0.0677 0.260 14.8 0.658 0.254 0.165 0.113 0.0942
Gamson
& Elkins -53,532 -31,225 -8,518 2,940 14,480 26,069 37,727 -84,784 132,45
Computer
Program ~53,508 31,203 -8,490 2,985 14,526 26,128 37,784 84,874 132,57(
%z Diff. 0.0448 0.0703 0.329 1.53 0.318 0.226 0.151 0.106 0.0907

..ZL-.



EQUILIBRIUM CONSTANTS = Kp

TABLE 3

TEMP., °K
REACTION 400 600 800 900 1,000 1,100 1,200 1,600 | 2,000
Gamson 4 9 1 1 1
& Elkins 6.84x10~%[8.37x10~ 1.06 2.38 4.53 7.69| 1.20x107 | 3.84x10" |7.31x10
1 Computer 4 : 1 1 1
Program 6.93x10" 9.28}{10_2 1.07 2.41 4.60 7.761 1.20x107 | 3.80x107{7.35%10
% Diff. 1.32 10.8 0.944 1.26 1.54 0.91 0.0 1.04] 0.548
Gamson
& Elkins [1.30x10°29 1.21x108 {9.93x10% (8.93x107L |2.03x10728.83x10™% |6. 44x107°>
Computer _ _ _ _ . _
2| program [1.28x10%°] 1.20x108 |9.82x10% |8.78x1071 |1.97x107%[8.67x107% |6.32x107° |4.28x1073 |4.84x167L0
% Diff. 1.54 0.827 1.11 1.68 2.96 1.81 1.86
Gamson
& Elkins [1.76x1022(2.36x10%t |2.12x102 [1.93x10™% [6.92x107%]6.45x107% 1. 38x1077
Computer _ _ - 17 ~15
3| program |1.73x10%2%]2.32x101t | 2.00x102 |1.88x1071 |6.68x107%|6.43x107 [1.31x1077 | 2. 54x107-9 3. 2510
% Diff. 1.71 1.69 1.42 2.60 3.47 0.310 5.07] — —

—QL-
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~ and Van Ness(16) and give the best overall comparison with
Gamson and Elkins. All but the water data was obtained from
Kelley. The different thermodynamic data were tested to ver-
ify that the initial difference in results was due to differ-
ences in data and not a mistake in the calculation or a signi-

ficant difference in calculation method.

The validity of the catalytic reactor subroutine and a
general check on the overall program was performed by running
ten test problems with specified conversions between .528 and
«95 and comparing the results with those of Gamson and Elkins.
Since the conversion-temperature data of Gamson and Elkins is
for 1007 H,S feed, the ten test problems were for 100% HyS8
'feed. Except for the specified conversion in the catalytic
reactor, the input data for all ten test problems was the
éame. The following input data was used for the test problems:

NO. OF REACTORS =1

FEED COMPOSITION LB MOLES/HR
HoS 100.0
N2 0.0

" FEED TEMPERATURE = 98°F
COMBUSTION AIR TEMPERATURE = 98°F
CONDENSER 1 EXIT TEMPERATURE = 300°F
CONVERSION IN REACTOR 1 = VARTABLE

BYPASS GAS SPLIT 1 = 1.0
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A summary of the results of these test pfoblems and a compari-
son of the reactor temperature-conversion data with that of
Gamson and Elkins is shown in Tables 4 and 5 respectively.

All the variables in Table 4 vary with increasing conversion
in the direction expected, although some explanation is re-
quired for the variable CONDENSER 1 Q, which is the rate of
heat removal in CONDENSER 1. From Table 4, it can be seen
that the rate of condenser heat removal decreases with increas-~
ing conversion, although the opposite might be expected. The
condenser inlet temperature decreases with increasing conver-
sion, and since the condenser outlet temperature is fixed,
less sensible heat removal is required to cool the gas to the
outlet or condensing temperature., With increasing conversion,
more sulfur is condensed at a fixed outlet temperature, but
.apparently the increased cooling requirement for condensing
liquid sglfur is more than offset by the decrease in sensible
heat removal. The results in Table 4 also show that the re-
actor inlet temperature did not converge at conversions of

+90 and .92. This occurs because the lower limit of reactor

. inlet temperature is set at 298°K in the reactor subroutine.
At conversions of .90 or greater, the inlet temperature would
' be below 298°K in order to satisfy adiabatic reactor require-
meqt of the subroutine., It should also be pointed ocut that a
cooler is required upstream of the reactor for .868 conversion.

This would also have been true for conversions of .90 and .92 .



TABLE 4

RESULTS OF TEST PROBLEMS

(Dew Poin
CONVERSTON .528 .55 0.590 .650 .70 .750 .80 .868 .90 .92
WHE Q, 6 6 6 6 6 6 6 6
BTU/HR ~5.101x10° | =5.39x10° |-5.76x10° |-6.189x100 |-6.478x10° |-6.736x10° |-6.987x10% L7.22x10% | -7.22x10% | -7.22x10%
TEMP. OF
SOZ GAS TO
MIZER 1, °K 941.02 867.6 769.9 657.9 579.9 509.1 439,2 373.0 373.0 373.0
‘REHEATER 1 5
q, BTU/HR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 |-1.14x10 SET=0.0 | SET=0.0
REHEATER 1
INLET TEMP.
°K 803.86 746.2 669.6 581.9 520.8 465.3 410.7 | 359.02 359,02 359,02
REACTOR 1 DID NOT DID NOT
INLET TEMP, CONVERGE CONVERGE
°x 803.86 746.2 669.6 581.9 520.8 465.3 410.7 |  333.29 | SET=298,0 | SET=298.0
REACTOR 1
OUTLET TEMP. .
°K 808.39 787.6 760.1 725.9 699.2 672.3 643.7] 599.40 573.9 555.4] %
]
CONDENSER 6 6 6 6 6 6 6 6 6 6
1 Q, BTU/HR -2.53x10°|-2.349x10°%|-2.12x10%] -1.88x10%{-1.723x10% |-1.582x10°|-1.445x10° |-1.24x10° |-1.126x10° F1.041x10
LIQUID SUL-
FUR RATE
COND.1, LB
ATOMS /HR 52.24 54.4 64.3 64.3 69.4 74.4 79.4 86.22 89.5 91.4




CONVERSION VERSUS TEMP. FOR 100% HZS FEED

TABLE 5

TEMP., °K
CONV, COMPUTER GAMSON & % DIFF.
PROGRAM ELKINS

.528 808.4 800 1.05
.55 787.6 770 2,28
<59 760.1 740 2.72
.65 725.9 715 1.53
.70 699.2 685 2.08
.75 672.3 660 1.86
.80 643.7 630 2.17
.868 599.40 600 0.10
.90 573.9 570 0.686
.92 555.4 553 0.433
(Dew :

Point)

-77-
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if the reactor inlet temperature had converged. These cases
point out the impracticality of using the split feed process
for feed streams with extremely high H,S concentrations, since
the required reactor inlet temperature is so low for high con-
versions that the water in the reactor feed stream would con-

dense out.

The temperature~-conversion data comparison in Table 5
shows extremely good agreement between the computer program
results and the results of Gamson and Elkins. The maximum
percent difference for the ten points is 2.72% at a conversion
of .59. Most of the Gamson and Elkins data were read from
Figure 16, and is therefore only accurate within about * 5°K.
The dew point (.92 conversion) was calculated in a test prob-
lem with a specified conversion of .95. The computer program
reduced the specified conversion in increments of .01 until
the conversion temperature was equal to or greater than the

dew point of the reaction mixture.

Since data for comparison with other program results
such as stream enthalpies, burner flame temperature, waste
heat boiler cooling load, and reheater heating load were not
available in the literature, these quantities were checked
» for several of the test problems with slide rule calculations
and found to be accurate in all cases, In addition to the

ten test problems where one reactor was specified, the program
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has been run successfully several times on problems involving

three catalytic reactors.

The general conclusion is that the computer program
accurately represents the model intended, and that the results

compare extremely well with the data of Gamson and Elkins.
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CHAPTER 7

RECOMMENDATIONS FOR FUTURE WORK

There are several minor changes which would improve the

existing computer program. They are:

1. The subroutine FLAME should calculate the adiabatic
flame temperature of any stream of acceptable composi~

tion and not just stream 4.

2. The program user should specify the percentage of
sulfur removal in each condenser and not the condenser
outlet temperature. By maximizing the sulfur removal
in each condenser, the sulfur dew point in the succeed-
ing conversion step is reduced and the maximum conver-

sion therefore increased.

3. The function WAYA should distinguish between the
- case where it has converged and the case where the

allowable number of trials has been exceeded, and in

the latter case execution of the program should be

terminated by a STOP statement at an appropriate point.

4, The liquid sulfur enthalpy calculation perférmed
-in the subroutine COND should be modified so that the

enthalpy is calculated relative to rhomic sulfur at
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20°C and not relative to sulfur vapor at 25°C and

1 atm.

In addition to the minor changes above, there are
several major changes which would greatly improve the existing

program. They are listed below.

1. The program should have the flexibility to allow
the user to specify as part of the input data the
type of Claus flow scheme desired. In addition to the
"split feed" flow scheme provided in the existing pro-
gram, the "once through" and the direct oxidation
schemes should be included. This could be accomplished
. by having the sections in the main program for gach
flow scheme. A new input variable in the form of an
dnteger with possible values of 1, 2, or 3 should be
added to the input data to identify the flow scheme

desired.

The existing reactor subroutine can be modified
to be used for either a high temperature non-catalytic
converter or a catalytic converter by introducing a
variable specified in calling the subroutine which
identifies the type of converter required. The reactor
.subrcutine would have.to be modified so that a differ-

ent set of temperature limits is used for each type of
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coﬁversion. The non-catalytic reactor could also be
prograﬁmed as a separate subroutine in which the con-
version is a constant (.60 to .65 conversion is com=~
monly attained). The subroutine would consist of a
simple material balance based on the constant conver-
sion followed by a determination of the reactor outlet
temperature using an enthalpy balance. The subroutine
SPLIT would be used in the enthalpy balance to account
for the change in the sulfur specie equilibria with
temperature. A similar enthalpy balance is used at the

existing reactor subroutine.

In addition, the subroutines PRINT and FLAME
would have to be modified if alternate flow schemes
were incorporated in the program. The subroutine PRINT
should be modified to print out the proper stream
names. This could be done by generating the stream
titles in the main program which could then be trans-
ferred to the PRINT subroutine in the CALL statement.
The stream titles are now stored in the subroutine
PRINT. The subroutine FLAME should be modified so that
it can be used with either the split feed or straight
through flow schemes. In the split feed scheme enough
" air to burn all the hydrogen sulfide in the burner feed
to sulfur dioxide is added, while in the straight thr-

ough (high temperature non-catalytic oxidation) scheme
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only enough air to burn one third of the hydrogen sul-

fide is required.

2, The type of reheat method should be made a variable
specified by the user. Since the existing program pro-
vides only the hot gas bypass method, several other
methods including the direct fired reheater and gas-to-
gas exchange should be made avallable. This modifica-
tion could be incorporated in the program by writing
one subroutine which can perform the calculations for
all the reheating methods selected. The type of re-
heating method could be specified by an integer vari-
able in the input data. The calculations for the hot
gas bypass method now performed in the main program

and the reheater calculation performed in the reactor

should be included in this subroutine.

3. The program should be modified to handle feeds con~-
taining the hydrocarbons normally encountered in indus-
try such as CO, CO,, COS, CH,, and CZHG. The following
modifications to the existing program are necessary to
add more components to the feed stream:

a. Modify READ and WRITE statements for the

input data.
b. Renumber stream components in statements

throughout the program.
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c. Modify ﬁaterial balance calculations in the
. subroutine flame so that all the hydrocarbons
are burned to carbon dioxide and water.
d. Add enthalpy constants for the new feed com-
ponents to NAMED COMMON area HFDT/COEFF.
e. Modify subroutines EQUAL and SENTH so that
the calculations consider the additional

components.

4. The temperature of the acid gas stream leaving the
waste heat boilér should be set by the required stream
" pressure in the boiler rather than have the program set
this temperature based on the elimination of the first
reheater. This would allow the user to specify the
stream pressure required at the plant site in question
and also increase the flexibility of the Claus plant by
including the first reheater. This temperature could
be set equal to the temperature of steam at the desired
pressure and included in the input data., This would
eliminate the provisions for back calculating this
temperature in the main program, reactor subroutine,

and the waste heat boiler subroutine.

‘5., The hot bypass gas should be taken off one of the
early passes of the waste heat boiler rather than by-

passing the gas before it enters the waste heat boiler.



-85~

This would require adding the temperature of this gas
to the input data and modifying the waste heat boiler
subroutine to take this stream into account. This
temperature could also be calculated by taking a
reasonable percentage of the total temperature drop

across the waste heat boiler.

6. Some type of tail gas treatmeﬁt such as an inciher—
ator should be included in the program. This would
require an incinerator subroutine which calculates a
material and heat balance around the incinerator. This
involves calculating the amount of combustion air and
fuel to heat the total gas stream to about 650°C and
 burn all the hydrogen sulfide to sulfur dioxide. The
alr temperature, fuel gas temperature, and the inciner-
ator outlet temperature could be specified as part of

the input data.

7. The system pressure should be a variable specified
by the user. A pressure range between 1 and 3 atmos-
phere is desirable. To make this modification, a total
pressure term should be included in the appropriate
equations in the reactor subroutine as mentioned in the
.discussion of this subroutine in Chapter 5. A total

- pressure term should also be included in the calcula-

tions in the dew point subroutine, DEW.
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8. Modify the program so that the burner air to H,S
gas ratio is a variable specified in the input data.
This would provide a means of studying the effect of
this ratic on the conversion in each catalytic reactor
and the overall plant conversion., This can be done by
modifying the subroutine FLAME to use the amount of

combustion alr specified.

To provide a program with all the above features would
require completely rewriting the main program, modifying the
existing subroutines and functions, and writing additional
subroutines and functions. The above comments on each of ﬁhe
proposed modifications are very general and are not meant to
be a complete procedure for expanding the model. The existing
program should provide a good foundation for such an uﬁder—

taking.

Another recommendation for future work is a computer
program that calculates a heat, a material balance, sizes the

equipment, and estimates the total installed plant cost.

The free energy minimization technique is suggested as

a challenging approach for solving the kinetics of the Claus

process.

As a check on the assumptions made in this program and

the thermodynamic data used, the plant operating conditions



~87-~

predicted by the computer program should be compared with
those of an existing plant. This would require that the re-
searcher have access to such information. A cooperative pro-

gram between industry and engineering schools would be useful

in such an endeavor.



"APPENDIX
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APPENDIX A

CALCULATION OF THERMODYNAMIC PROPERTIES

The methods of calculating specific heat, enthalpy,
standard heat of reaction, and the standard free energy change
used in the computer program are discussed below. The basic
thermodynamic data associated with each component and the

sources of data are listed in Table 6.

Individual Component Enthalpy

The enthalpy of individual gas stream components rela-
tive to the standard state of 25°C and 1 atm is calculated

using the following general equation:
H=A_ + AT + AT2 + 2,73 + 4,171 | (E-1)
(o] 1 2 3 4

~The expression is obtained by integrating the general express-

ion for component heat capacity:

C, =a+bT + cr? + ar—2 | (E-2)

2 term in this

VSOZ is the only component considered with a T

expression. Integrating between 298,16°K and T yields
. .

H = | CdT = a(1-298.16) + g<TZAE§§TT€2) +-§<T34§§§TEE3)
298.16°K

-] — =1
- d(T -298.16 ) : (E-3)
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This equation can then be further simplified to yield equation

E-1 in which the constants take on the following values:

A, = the sum of the constant terms
Al = a

Ay = b/2

Ay =C/3

Ay = ~d

The enthalpy equations for the vapor phase components are
shown below., These equations yield values of enthalpy in

calories per gram mole for temperatures in degrees Kelvin,

Sp(g): H = -2350.21 + 7.75T + 0.444 X 107312  (E-4)

S(g): H = -5857.99 + 19.95T + 1.332 X 107312  (E-5)

Sg(g): H = -7611.88 + 25.0T + 1.776 X 107312 (8-6)

S0,(g): H = -4147.74 + 1.14 X 10T (E-7)
+7.07 X 107412 + 2,045 x 105771

CHyS(g): H = -zz79.3? +7.15T + 1.66 X 107212  (£-8)

Hy0(g): H = -2268.1 + 7.256T + 1.149 X 107312 (£-9)
+ 0.0943 X 107613

Hy(g): H = -2066.67 + 6.947T - 0.1 x»10“3'r2 (E-10)

+ 0.1603 X 107613
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0,(g): B = -1962.8 + 6.148T + 1.551 X 10712 (E-11)

- 0.3087 X 107°73

Ny(g): H = =2000,7 + 6.524T + 0.625 X 107312 (8-12)

- 0.000333 X 107513

The Standard Heat of Reaction at 25°C and 1 Atm

The values of standard heat of reaction used in the

computer program were calculated from the following equation:

A =) M - ) bu lycon (E-13)
REACTION f(PRODUCTS) ' f(REACTANTS) 25°C

where AHf = gtandard heat of formation at 25°C

and 1 atm

The calculation for each of the reactions considered in the

- computer program are shown below.

HyS + 5 05 2 80, + 150 | (r-1)

AH; 25°¢ for H,0 -57,798 calories

°oc for SO -70,940 calories

25 2

° -
AHf 25°¢C for HZS 4,800 calories
-] - 0
’AHf 2590 for 52 = 31,020 calories

M3 o = (~70,940 -57,798) - (-4,800) = -123,938 calories
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2H,S + S0, ¥ 2H)0 + 3 S, o (r-2)
Mo = 2(-57,798) + 3(31,020) - 2(-4,800)
- (-70,940)

AH§5°C = + 11,474 calories

38, 2 S¢ (R-3)

AH; 250 for S6 = 27,780 calories

AH§5°C = 27,780 - 3(31,020) = -65,280 cal/g mole
4552 S (R-4)

AHf 95°¢ for S8 = 27,090 calories

AH;5°C = 27,090 - 4(31,020) = -96,990 cal/g mole

"The Standard Free Energy Change

The standard free energy change with temperature for a
chemical reaction is calculated by the computer program using

the following equation:

o . 2 3 -
BFS = € + C,T + C,T2 + C,T | (E-14)

+ C5 + C6T2nT

2T
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This equation is derived by substituting expressions for AH;

and AS% which are developed below into the equation

° °o _ ° . -1
AF7, = OH7 - TASH (E-15)
where AH; = gtandard heat of reaction at
temperature T and 1 atm
AS% = standard entropy change at

temperature T and 1 atm

Since the heat capacities of all the products and reactants
can be expressed as a function of temperature by an equation
of the form

C, = a+bI+ cr? + dar~2 (E-16)

the following analytical expression for the standard heat of

‘reaction as a function of temperature can be developed:

T T
AHD, = AHS oo qeop + LD J c,dT) - ZcpdT - }(n J ¢ dT) (E-17)
2 2

PRO- o, REACTANTS .
bucrs 298-16°K 98.16°K
T
= Mg eop * J AC_dT (E-18)
298.16°K

where ACp = Aa + AbT + ACT2 + Ad'.[‘.'2
and Aa = Xna - Xna
» PRODUCTS REACTANTS
Ab, AC, and Ad are similarly defined.
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Equation E-17 then becomes

T
o (<] 2 "2 -
AHT = AH298.16 + | (Aa + ABT + ACT™ + AAT “)dT (E-19)
298.16°K
o b, 2 =) o0y
= AH298.16 + Aa(T-298.16) + 5 (T7-298.167) (E-20)
e -1 ——=1
+ %C—(TB~298.163) - Ad(T 1--298.16 )

Summing all the constant terms and designating the total AHO,

the resulting expression is

MHQ = MH_ + baT + Ab2 , AC.S

-1
5 3 - AT (E-21)

AHo can be calculated from a known value of the standard heat
of reaction at a singe temperature. The equation for AS% is
~derived by integrating the expression for dS at constant

pressure
C daT

as = —%f- (-22)

between absolute zero and T to yield

T T

AC 4T 2 -2
° + AbT + T :
as3, = Jw_%_m - ( (Aa TACT + AT 7)d (£-23)
[o] (o] .
AC.2  AdT 2
= I_ + AafnT + AbT + —=21° - 282 (E-24)

S 2 2
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The iﬁtegration constant IS can be determined from a known
value of AS%. Substituting into equation E-15 for AH% and
AS% and combining terms gives the following expression for
1O .
ATT.
AF% = AHO - IT = —— = —— ~ == — TAafnT (E~25)
wvhere I = Aa - IS
Simplifying this expression by substituting a new set of con-

stants yields equation E-14. The expressions for AF% for

reactions R-2, R-3, and R-4 are shown below.

3
2H20 + 502 i 2H20 -+ '2" 32
AFS = 12119.0 - 12.999T + 1.063 X 107372 . (E-26)
+5
~ 9.433 x 10-83 - 2:045 X 10

2T

- 4.37 X 10" ITgnT

This expression was calculated as follows:

fa = 2(7.75) + 2(7.256) - 2(7.15) - (11.40) = 0.437

Ab = %{0.888) x 1072 + 2(2.298) X 1073 - 2(3.32) X 1073
-3 ’ -3
- 1.414 X 10°° = - 2,126 X 10
. _ 3 -6 -
- AC = 5(0) + 2(0.283) X 10 ~ - 2(o) - 1(o) = 0.566 X 10

6
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Ad = - (-2.045) X 10™° = + 2.045 X 10°
= AH® - | _Ab 2
B, = Mg 1 - ba X 298.16 - 5X(298.16)
AC 3 Ad
- -3—(?.98.16) + m
MH_ = 11474.0 - 0.437 X 298.16 + 1.063 X 1072
5 .566 X 10°0 ¥ (298.16)°
X (298.16)% - = ; :
204500 _
+ 20500 - 12119.0
AF°-AH 2
Lo MM aroper? Al L, o
T 2 6 L2

0 _ 7250.0-12119.0 _ . 4 -3
at 298.16°K I TR 1.063 X 107> X 298.16

6
6

X (298.16)2 + 204500.0

0.566 X 10
+ 2
(2)(298.16)

+ 0.437 n 298.16 = -12.999

Substituting into equation E-25 yields equation E-26

above.
BS2 T 56
AF% = - 64090.0 + 44.26T + 4.0TAnT (E-27)
482 Z'Ss
AFS = -~ 95200.0 + 68.28T + 6.0TnT (E-28)
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The last two expressions for AF% were taken from Kelley (see
Chapter 3), but could be calculated in the conventional manner

described above using the data in Table 6.



TABLE 6

THERMODYNAMIC PRCPERTIES

Constants a, b, ¢, and d are for specific heat in the form Cp=a+bT+cT2+dT_2
where T is in °K and Cp in cal/g mole, °K
AH% 298 and AF% 2gg are in units of cal/g mole
Numbers in parenthesis refer to references
COMPONENT | S,(g) S¢(8) S¢(8) 80,(g) | H,8(8) | S§,(%) H,0(g) | H,(8) 0,(8) N, (g)
CONSTANTS 7.75 19.25 25.0 11.40 7.15 5.4 < 7.256 | 6.947 6.148 6.524
a (8) ~(8) (8) (8) (8) (8) (16) (16) (16) (16)
b X 103 0.888 2.664 3.552 1.414 3.32 5.0 2.298 | -0.200 3.102 1.250
CX lO6 0 0 0 0 0 0 0.283 0.481 -0.923 -.001
d X 10’_'5 0 0 0 -2.045 0 0 0 0 0 0
AH? 31,020 | 27,780 | 27,090 | -70,940| -4,800 257 | -57,798
f 2 8°K b b 3 b b ? O O o
° (8) (8) (8) (8) @® | @ (16)
AFf 298°K | 19,360 | 13,970 | 12,770 | -71,750| =-7,865 72 | -54,635 0 0 0
(8) (8) (8) (8) (8) (8) (16)

...L6-



APPENDIX B

FORTRAN IV (VER [38) SOURCE LISTINGY 05/02/73 PAGE
- -98-
Y PRDGRAN SULPLY
2 COMMON/ /ST 2 (13527)
3 COMMOM/HEDT/CIEF Le0)
4 O CTUIYETEAP UF COLDENSER Y L
5 C SPUIV=FRACTINN OF PURNER CUTLET cAS TO REACTOR
6 C COIV T =CONVERSTION OF H25 TD $2,%6:0R S8 IN REACTAR 1
L7 C Iy =HEAT annED TO HEATER<CUNLER JaRTU/HR
8 C MCUI =0EAT ADDED TU CONDrwSER J,uTU/HR
9 C THLEE Ant 13 COMPOMENTS T A STHRIAM 1712, 22H2S8,3=100,64=2,5=012,
10 € 6=S02s 7586, 5258,9252, 10010010 SULFUR, 11=TOTAL MOLESs12=TENP,13=
11 € STREAM EUTi:alPY ’
12 DIBENMSTUY CT(3),8P (32000 v 3y HIRYsHC(3)
13 € SET COUPOMENTS UF ALL STrpaAMs=0
14 4 COHTIHIE
15 VRITE (Ex200)
16 200  FORMSAT (viv)y
17 piy b I=lse23
18 DU 5 J=1s13
_}QWMMWMQWQT\M(J;I)~' S 30
20 C PEAD THPUT DATA
21 € STEEAN 1=FFED STREEAMASTREAY 2=RUPNER FUEED GAS,STREAM 3=pURNMER AIR
22 ”Eﬁw(b:lzﬁﬁﬁ=2>,M,(SFRN&J;JJJQ 1,4)sSTRML1220),8TaM12,3)5(CTCL) .
23 FrSPUI) oMt I)slnlaM)
24 1 FJNFAF(Ill(FlO}B))
25 C WRITE [NPUT DATA

RETTTTTTTTTTREITEA s Ty ;(»Taz(1,1);Jr1,4);sTwM<1z;1);&TRM(lz!q),<I;cT(1),'””“”“”“
21 FCTENLTIY 5P YT ,0)

25 7 FORMAT(T st 177, 1 4PuT n»wz'le;f,!T?;_iQ, OF REACTORS=1,11/ )
29 WY1 U UTT, 0 MOLES AR/ T, T2, tH2!

30 ATOrF6. 2/ 1101 1125 125010, 0e2/That 1T2: 1201 TO5E6,2/T1st 172

31 Fa VRN TS P62/ T1, 10 V7, ' Te Py DEGREES FUY/TY 0 VT2,V FEEDYTIGFR,2/
32 FTLe b VT2V R TG 62/ /TLs ! VT2 REACTORETIZ220COMNN, TEMP oo F

33 FT250 VOO UERSTINITS4 12 '8YPASS SAS SPLITYZ(T1al V7571, T16,F6,2,T2%:
34 AP 643sTH0sFE,20) e
28 C COMVERT FEFD GAS TEAP FROW FaMREsHEIT TO KELVIN

36 STRM(L12,1 ) =(STRMI1221)%452,0)/1e8

37 G CSET TUTAL COLES W O STREA: 1=100.

a8 STEM{11211=100,.0

32 C SET STREAN 1s]/3%STREAM 1,8TaEAM S=2/3%STrEAM

A0 DOBO I=lsa o o
41 STRM(Is2Y=nTRM({],13/3,0

4H2 B0 STRMAUI8)=sTaMlIe2)%2.0

43 ST'”(ll:“)“/‘Q G/3.0

44 STHM(L147)216040/7340

45 STRFLI255)=S5TRA(1221)

46 ST'H(IKff)*‘TR“IRJl) L L

47 C CALCULATE fDLABATIC FLAME TE4P OF STREAH &

48 CALL FL&ft(SlTP)

49 WRITE (G624 FLTP

50 4y FORMAT(/'Y FLAME TEMPRDEGUEES K=',F7,.2)



FORTRAM IV (VER L3r) SOURCFE LISTING: SULPUY  PRUGRAM 05/02/73 - PAGE
' -99-

51 € SET TERP OF HOT sYPASS GAS T EACY REACTOR
52 STRM{1250)=373,0

53 STRM{12s12)=FLTP

54 _ STRM(L2,18)=FLTP

55 U0 68 Jsisit

56 : Keb+{]-1)%a

57 DO 69 J=1s71 i o
58 € T CALCULATY FRACTION DF BUPLER OUTLET GAS Tr HEATER~CODLER 1

59 69 STRMOJ Y= TR (Jea)wsP O]

60 PIX STREAMS KEK-] -

61 CALL MIXIR(K=1sKsK+1s1)

h2 CALCHLATFE MEAT AMD HMaT'L NALANCE ARCUND REACTOR I USING SPECIFIED
bb CALL RUACTRAIRKL,CUNVIT ) ol aB3au+200(1) 1)

65 16 THIS THe FIRST REACTOR 72

66 - TFLI~1100502006 . L

67 € YESHCALCULATE HEAT REMOVED It WASTE HEAT sOlILER

68 62 CALL WHHQDUT)

69 PRITE(6,05) O0UT

TOUTTTES TORAAT (Y WASTE HEAT BOILER QL RTU/HR=',F20. 8y 7
71 C CALCULATE AT AND MATYL sALANCE ARDQUND (nNDENSER I
T2 66 CALL COND(OTOI) s K4+2,K+0,m44, 4001, 1)

73 68 wRITE(OsATYI ML), 1400

T4 67 FORMAT(! HEATER=CONLER 1,715t QpaTU/HR=V,E20,.5/71 cONDENSER 's11,
75 +1 0,3TU/HR=1E20.5)

2R T e B

()

(@]

7&’) I [;32 I+ {Mea) #é

77 C PRINT UUT ALL STREAMS WITH 3 STRrAMS O A PAGE

78 S S

19 U0 76 I=1a0

80 _ TFLI-K)PDsz1le21

AL 21 KsK+3

82 23 MRITE(H»22)

83 22 FURMAT(YLY)

8 ‘f'M ,-_.MZ .Q” CA ‘L_H’I 'T (1) N -

88 GO T 4
86 2 STup
B7 ' END



FORTRAN IV (VER L34) SOURCE LISTING: FLAME SURRNUTINE 05/02/73 PAGE
' -100~
S S SURRDUTIOE FLAMECTADSFY it i e e e
2 C SUREMITTS E CALCULATEs THE ADIABATIC FLAME TEMP 0F STREAM 4
3 COMMPOR//STRINL3,23) A
A LA/ rF DT/CHFF((DQ) O
5 C THERE AR: 13 CUMPUZEATS A %TRrAM 1= r2;2 %?S»3~%7m,4 rz,5=u24
6 C 6:802,7=36,9=5&,9-92,10 LIQUID SULFURs1IL=TOTAL MOLESs12=TENP,]13=
7 C . STREAM ELTHALPY.
8 C SEY LUwWEr LIMIT OF FLAME TEMP=373,0
9 STRE(1I2846Y=22373,.0
10 T Y GOm0 0 o e
11 C CONVERT Alw TEMP Fol FALRENGEIT TO KELVIN
12 %TP'(1?,%)=<5TQM(12;%)+4aw D)/l
13 € nQALflle TOTAL LES UF rXyobEN EQUIRED .
14 STRM(D23) =, 5% CTf’(])?‘+l.”r$Vﬁ-(?:2)
15 € CALCULATE 10TAL “ner UF 2 REGUIRED
16 w&TFV(4;3‘f.77/ 2ARSTaM(B2)Y
17 C CALCULATE TOTAL MULES UF &IR
16 STRM{LLs3)=STRM(5,3) +STR (4, 3)
19 € CALC, HULES OF H20 1% STreAM &4 -
20 STRM(3:4)=aTRM (3,23 +5TRM(2,2)45T0M(122)
21 C CALC, MUILES OF W2 It STREAM 4
22 5Tﬁ%ﬁﬁa%)*$?ﬁﬁ<4sz>fﬁTRH$éz$1““wwwwwmxm__mmm .
23 ¢ CALC, NULES OF Sz 14 STREAM 4
24 STRM{E:4)=5TRM(252)
25 CSTRMU11s4)=STRM(B,4)+STR (AL 4)+STRM G 4)
26 C FUHCT=TLTAL CHANGE I+ ENTUALRY _
27 T FUNCT=0E T2 )4 SENTHIB3 ) = SENT {La) 487798, 0% 4 BRSTRM(122)+123938 0%
ZSM.Mﬂwwfl-8*$T’*(211> SO pU S O
29 C TEST FiiR CAMVERGENCE USTre FUNCTIODN WAYA
30 TF(WAYALFUICT0e0s 1 o0 ;bT;m(12:4),THIG:1>) 1829
31 9 WRITEL6,100) i o
3277 I00 FORKATC////10% s VEOTAPATIC FLAME TEMP CALL DID MGT CUNVERGEY////)
33 TANBF=2114.,47
3¢ RETURN
35 B TADGF=STrM(12s4)
36 RETURHN
37 o ENO



A FORTRAN IV (VER L3®) SOURCE LISTINGT REACTR  SURRGUTINE 05/02/73 PACE
- ~101-

L SUBROUT LN E REACTR (M CUNY NG, 1R 4EAT, 1) . ; L
e SUBRIUTIE PETERMINES IF SPECIFIFD CONVERSION 0CCRS ASOVE DEW
3 POINT  IF YIESTUT THE SUBR, OETERMINES TUE MAX frNVERSION
4 ATTHIN n\zc SATISEIFS ThE Opw POIRT CRITERIA,A HEAT AND WAT*L
5 BALASCE ARCUSD THE REACTEOR ARE TigN CALCHLATED
6 THERD ARLD 13 COMPOULENTS 10 A STREAM, 15122 2=2H28,3=1120,4=N2, 5702,
7 ARSI 726,353,952, 1020 IRUID SOLFURS L1=TOTAL MOLES,128TERP, 128
STREAM BT ALPY

al

SCUGVERSTON OF H2S AVp Su2 Tr SULFUR 3ASED 0N ENTERING $02
10 ACTUE GUTLET STREAH
11 Ry

.y

FA EATERDHG REACT S
m‘ T )

12 S TR PeCunkeR
13 [=lEnd V
14 HEAT=H e CLOLT RGBT/ M

aF g2 Iy REACTUR AT EQUILIRKIUN

“Tg TARE DH; TUTAL MUOLES
MEINERT TOTAL HOLES

SF"HTH“Q CF SULFLR CONVESTED T 52556s0R §5

19 T“TL“P Lo v agTOR

20 STHoLE w.f1»m SN

21 fﬁ* “// Tr4(13,23)

Y CUHRMEEy S DTXC LFtéao) e o

23 Sal1n=(STi MDY TEM B0 I %4, D4 STRAU( T2 M) %3 O+STRIVIGI NI Y %] o5 )

24 SoMAX=s2L I /‘) O

25 ¢ CALC, MANTULG TOTAL HOLE

16
17
18

[(slaNeololaNeolataRaoNaeleNaelallie e leleRaies
1 t . H
rmsmat
Y
£
(o
e U

26 TMHAXES Ti z‘ﬂ Ii+e Z‘H‘Vrr 2N 45TRM {720 0)%2,04STRA(B, NI %3, 0

77 C (\lC, wl:EWUT TQTH ‘)LEQ :

28 RIGO L “T““5§1*3?3?a?5f§fﬁfi7451)#ﬁ7535?3ﬁi9f“11r5}[lﬁy?ﬁf@ﬁﬁ?éﬂl3
29 Canvi=cun ‘

30 C CALC, T’ﬁ;. ATIIMA F SULFYR CUNVEKTED

31 1 SF=3.0% STPw'“f”i>»f3 Vo

32 € SET TEAP, EOUAL TO LOWER (IM17

33 , T=400,0

24 13 THMULES=ToMY e

35 G SET §6 EUAL rm LOVER LI 1T

36 4 SH=0.0

BT 45 S2=(S6/EUK(2 T uR 1. /3 0 RTHALESR®(2,/7,) A
34 SE=EQR(IpTyn(S6/0QR (2T w% (4, /3, Y /THOLESw%(1,/3,)
3¢ ( 3AiC'LATF f‘ LFUR IXLJs(L

40 PALBL g 2w (2, %S 2406, 0550 8, 0%Sn ) L LSF42, 045 ToM {9, NI Y 4h OSTRM(T 1)
41 8L OSTR (e ))

42 ¢ CHECK SuLFUR BALARCE WITE FUNCTINN WAYA

43 }F(stk\"f\(”.i\iju.,u_,,’“)x‘]'.!gﬁifw'*;i”li\l(ll))4‘":46347”

44 € CTMCALC=CALCULATED TOTAL [ nLES

45 A0 THOALC=STA(LL, NI ) =SF/3 0+ 38=5TaM (B, NT) #56=STRM(7,MT)+52-
46 +STRH (3, 4]) o

47 , Tﬁcﬁﬁ=1gv—rﬂﬁLESIT%CALC

48 € CHFECR »OLE BALANCE USING FUNeTION WAYA

49 IF{aAYA(T‘f“%;D,;,.O LaTimLESs THIAXS 2014249552

50749 s ST\ L yes rnwsE P RRPEIARLAT2E



A FORTRAM 1V (VER L3t) SOURCE LISTINGT REACTR  SURRDYTINE 05/02/73 PAGE
‘ ~102~
. 51 M2SsSTeM(240 )ezat3anwSF e e )
- 52 SO2s8T20 (6N =1/ Be%SF
i 83 ana LalimWAmg 2 §2%s ] 5/ {1 S 2%Sn2uSORT{THADLESY%E 0 (1e TY)
54 C SE FQ\LTI NOWAYA T S&EHIF.CALCJLATEDD%ALUESWSAszFY“EQQ!LI%RIUMW.w
, 85 C Cﬁ STANT FUROTHE MAIN REACTION
» 56 35(‘ﬂYA(!“vEJOQOJ.UOS)XJeﬁd. 23)Y1307215
57 T OSTRM(2,000)=H28
58 Si‘?(é:w; Py
& 59 STRMUA M ) =eSTRM{ 4541
- 60 ST ese Y872
61 §i§”(7;h'):§§
a L2 *(9;s‘>23%
) 6% ST?!"(): YR R
&4 g~i"‘“§(1!» ?)*IﬂﬁLrS
@ 65 STRM(12:70ysT
. 66 € VELT)=vARUe PRESSURE IN 2TMUSG, FOR S2s500 AND S8 _COMBINED
67 ¢ IS VAROR PrESSURF > PARTYIAL PRESSURE ?
v 68 TFAVRLT ) = {52+56+58)/THMOLES) 810510
_ 69 O YESHREACTION TEMP 15 ADDVE DEYW PHIMNT, o
§ 70 1¢ STRM{LZ22I0 32298,
> 71 € IS THIS THE FIRST REACTOR (I,E. 1D 8225610 S8)
R JFR(STRM( 7551 ) +STEH i*z’1>+wTR’(9ﬁglziéOJQQJZOWWMMW
73 € YES
5 T4 40 L=2
_ 15 C CSET _CUMPOMENTS OQF STREAMS JR AMD NI EQUAL
Té CALL EﬁbﬁLikl;E&)
T7 G T 51
I I T
79 20 L=l
80 C DETEARMINE TEMP DF STREAMM 1R g0 THAT REACTAR IS ADTABATIC
. 81 € CALC 525565470 S8 IN STREsH TR AT SELECTED TEMP L
N B2 T B O T CALL SPLITINI IR STR (L2 1R
83 C CALCULATED HEAT A“MEW To rBEACTOR
. 14 51 HCHG=SEAT %<1'>~s€w B w1 1524, 001 B2 (STREM(62 IR)=STRY (60 00) ) 4 -
T BE T HBB2B0.0%) 4 % (STRE 47;-1>-J1&4<7;1 YI456990,0%] 8% (STRM (8, H0)=STRU(E
86 +31RY)
. g7 € TESY VaLUg DOF HELT ADDED FOR COMVERGENCE
Y : TFCWAYA (R Ga 0 QxA;ﬂ:%TR{(IZ;Ik);Zqu UrA)V24921022
89 C NAT CUNVERCFOSRECALG. MO WITH pEW VALUEF 0OF TEMP
90 24 GO TILS50s51)sL
91 21 00 T {70710
g2 C 1S REACT R TGLET TiMP, GopATER TuAN IST HpATER IMLET TEMP,
93 7L TFCSTRMI2, IRI=STR 122NV Ty 70,72 o o
94 YESSSET TE+P OF 1 =18 Si THAT HEATER 1S NMOT REQUILEDCCAN TAKE DOUT
85 C LESS rit AT 1h JASTE HCAT 0ILFK
96 T2 SThM(12s01)= ¢Tan(lf;£@)
97 C CALC HEATER=CDOLER L»A
98 70 HEAT= nfﬂIH(I‘)-stn HUNT ) s 5230,05) 8% (STRM(T72IR)=aTRM(7,2H])) =~
89 #6900, R PRISTRIN(FL,IRI=STRMEBNT) )
100 3G TR (OO I={NNV)I25H125,26 .




A FORTRAMN TV (VER L33) SOURCF LISTINGY REACTR  SUDRDUTINE 0s8/02/73 PAGE

101
104

103
104
108
106
107

108

109
110

111

112
113

114

115
116

117

118
119
12¢
121

ez

-103~

25 RETURE o
do WHITE(A 121, 00NV
12 FOEEATOL SPeCIFIED CHONVELSTID IN REACTUR s5I1s1 COCURS BELDW DEWt/
U OPOILT . COMVERSTON REDUCKFD TO'aF7,3)
KETUAN

15 PRITELe,16)1

1o FURBATCY REACTOR t,11s' CALC, FOR TEMP DOES HDT CnHVERGE')
FETURY S ”

2 VRITE(esn3y] o

3 OFORMATCY CalC, FOR TOTAL wOLES It REACTOR tsI1,0 npES mDTY/

+ U COMVERGE L)
LETLIRN

47 HRITE(Gs48)]

TEETFOFMAT (T SULFUR BALAYCE 49 REACTOR 1511a ¢ DOES NOY COMVERGET)

K ETUR N
END



A FORTRAM IV (VER L32) SOURCE CISTINGT  SPLIT  SUBROUTINE 05/02/73 PAGE

~104~
- SUMROUTIVE SPLIT(NYIs W22 TENP)
2 COMMUOMNA/ATEN{L12523)
3 CALL Ewual (H1s2)
. SZ“fxw>: MA9anl )44 0FSTRALES LI +3 , 0%STRA(7,NL)
o THSTIHEST M L oML e ¢ TO*STRML9D, bl ) m 25 STRITE 75 N1 )
6 MMAXSSTHMELLpHL Y43, 0%STRM(BsNLY+2 OXSTRM (74 N1Y
T SOMAX=SLAN/3,0
B THNLES=T s
9 1 Sé=0,0
10 A E2m(SE/E M2 TEMPY YRR Lo /3 ) THOLES*R (2072, ) B
11 SA=EGK R, TP YR{SE/E K270 ) 1% (4,/3 Q)/ijLgs*y(l,/gg)
12 BALEL 0= {(2,088240 0%S06+8,0%89)/ (52MAX%R? )
13 TRLwAY AL AL 5,000 2850050 MAX 1) Y4523
14 2 T CALC=STR (LN ) ~STRI (L, 01y =5TRM (BN )»3TR1(7,?13+>8%36+5?
15 MOHK=L g U=THILES/THCALC
16 . IE (R Y AT s D e s 005 THOLES 2 THEAXEZ2) ) L8526 |
17 f) STRM{T7am2)=86 :
16 STRM{ B2 ) =CR
1% sSTRM(B.u2)=S82
20 %Tz“*(ll: d?-?“]LES
21 STEM(L2sn21=TEMP
22 B F‘Uk,mm“_mﬁ_
23 3 »&lTFfmxa‘ vl
24 20 FORMAT(Y S le? RALAMCE T4 SpLIT CALC, UN STREAMY,12,' DUES HNOT t/
25 _ __‘-_“i_! CONVERGE)
26 RETUR A
27 o HMRITE(nsTY W1
28 7 PURHAT(Y Ty T’l CMOLE BALANCE IN SPLIT CALC, ON STREAM 1,12, LOES Vo
29 +/0 MOT O NVERGES)
30 RETURN

31 EnD




A

FDRTRAN

t

ol e BN ST B T

}

O
s 3

Yot 4
u‘v

fa—)
R

ot
£

Pt Gt
~ o

RA®)

IV (VER L3g) STURCE LISTINGY HMIXER SUBROUTINE

CSUBRDUTIOE MIXEROINL,IN2,MIX,K)
At “”//":T?'{l%;z'a)

D2 Islsll
,S’i’?’iﬁ,l"ﬁ(I;:;HX)‘“»T” {1
STEMLL22 02 =AY
THAX= 2(/"‘ L

G TFCSTRM(75 01 43+STRIA(S ;VI“")'*'ST’\N(‘:MZX))L Telh

pLLYHSTRMUT T2
(STRM{32, 1)) 8TR

4 CALL SPLITONIXsH :xﬁka (Lo, X))
ENTHOTHY Y SEMTHL T z)wﬁﬁHTn(HIx)+1.8#op?”O O%(5yven
TP 1>w5€‘M(7si 120 ) 9695003 1o 8% (STHM (B MIX) - STRI (R, IND) =

A

7 oHn
+57
CESTAM(E.T 2}
I{"%Nf\\f‘[\( )‘)g‘)llqulgT (12) '-I)i)@ «AXJB))Q«’,‘)!G’
5 ﬁfn i

Th UHRTTE (et

8 OFORMATOY MIXER t511at TESP DOES nDT CfVU‘éVAU«”GE‘)
M*’Hu
CEnp

M(12s102))

05/02/73 FAGE
~105-

(TP IX)~



A OFORTRAN T (VER L38) SOURCE LISTINGY

- f o |
Eall e ks B R I Al G IR ~GETE R S

W

PR
L5 3 B

16

*

S
-~

ot gt
O oo
Ty

20
21
22
23
24
26
27
28

i
{

OO OO TIOO MO0 000
i H i i

Yavax

A=YeQMe

FUNCTION

Y o= L0 4 ATRX 4 A2%XH%2 4 ewees - AMEYHERM

COMTIHUE

EQUA = Y
SETURN

END

AL

CTHIS FusCT iU

Al
A2

|1 $ G 4

LR e
¢ & E Y
A =

ey

KRN S

EVALUATES A SET 0OF POLYNSMINAL COEFFICIENTS BY
U MESTED EAPANSIUON eee~ AS SINeRATED BY FUNCTION FITIT,

e BB s s

Enl

£

CEQUA

X )

pQUA

CFUNCTION

05/02/73

PAGE
106~



A FORTRA

s R i

10
i
12
13
14
13
16

17
18
19
20
21
22

[en i es Ranl LA LILILI RIS O LI ARSI OO LY {’"zﬁ
i . . ; . i
: H

§

" -

23
24
25

Sy

27
28
29
30
31
32
33
34
35
36
37
a8
39
40
41
42
43
44
45
46
47
49
50

YOy Y mcin

T Cr e

OMNaO o0

START=C LB RS

10

IV (VER L32) SOURLE

CFURCT Eisi
FOUTEME TIE OO
A sCUREE

AnS
THL

NT VALUF

~7£5]*E“ VALUE
=THLE A CV

DY VALUF
r? I DE

STUP =i 1e17T
LEVELS 152, 0

HAYA WILL

DATA kb
SET YaY
L=START
S"l'f S A
L=lARS(LevEL).
HAYA=L .0

SEE IF

TFCABS(Y) S UE, TOL

AT

TR (ROURT (L))
SeCot

TFOYHYL(L) oLTe

N YeY] E

TROEGLETILY W GT,

VARY STanT

du

SWERGED,

ACKET,

LISTING:

NF DEPRM

JAYA

NVERGE DN SINGLE

FUNCTIOIN

_W;’:Y!\(h\;c\l‘ Ry TLJL;" }«'\i?f‘sg T'” s LE Vf L)
VALUED FUNCTION

DEST VARTABLE

OF DEPEMDENT VARIABLE

GF INDEPPMOENT VARTABLE,
FNSE&T VARTARLY ,

.Lﬁﬂ

ABSC AiS= A)
U EXTIT vaYA 183
m BORBET GORVERGE
¢ FUR CUMVERGED 11
¢ FOR CANIGT CONVFROE.
TIS SLCATIVE
BIMFHS T X104)5X2

(4)2Y1¢4)av2(412K
T/ 4%0

b LEVEL

COHVERGED.

) 64
SEE WHICH CALL,
80530214
S0k HIGHER CALLL

De0)

1)

BETWER

WEPEAT
LIMITS iR

6O
SEE 17

50

STanY

0 oo

v 2y

Tib 30

Ca ALCULATTON WITH
30 TrlALS TAKpH
HILL BE OITS I:ITIAL Varue

Vhlfm VER GYV cS LESSER pRRO2, DR

AHSWER

ITS 1WITIAL VALUE ANpD STOP

TOL R 30 TRIALS TAKEN,

HEY

[iU\T ( a4y

SECUND OR HIGHER CALL.

A BETTER VALUFE
: BETWEEN START
FOR MULTILEVEL USE,

AN

05702713

AND

UNTIL

SEE IF Y AND YI1(L) BRACKET ANSWER,

RETHRL
STUP

¢ VALUE 11 START,

STOR,
ITS INITIAL VALUE IF LEVEL

PAGE

~-107-

%Dﬁ

TN ERACKET AT ALL. RE=DD AT START IF THAT LIMIT IS CLOSER QR IF

LEVEL I5 MINUS

TECASS LYY L,

ABSEYLELYY

,A?\‘EQ‘

LEVEL

6T,

0) 60 TN 80



A FORTRAM IV (VER L32) SOURCE LISTING: WAYA  FUNCTION 05/02/73  PAGE
~108-

5 XsXi(ly

52 KOUNT (L= =1

53 GO OTO U

55 TY-Y1 URACKET, STURE X & Y IN ¥2(L) AND Y2(L)

o
K
Ay

o
i g N
Eele

C .
69 G INTERPOLATE NEW X AND cDMTINUE OR QUIT DEPENDING ON KOUNT(L),

Z% w0 ?a(Xl(h)*(%.*Ya(L)mYl{L)3+x2!L)$€Y2(L)u39*Yl(L)))/(4,*(Y2(L)wY1(L)
- Wy

73 ITF(ROUSTOLY L6E, 99y GO 1o 7o

T4 5D KIUNT(L) =K UST(LY+1

1560 WAYAs=] .0

76 60 TH 20

C .
78 C CCUNMVERGEDR OR_TNO_AANY TRIALS
¢ ‘ :

80 70 WAYA=0,D)
Bl A0 KOUNT(L)=0

82 C

83 € SET ntld VALUE OF INDEsENDENT VARIARLE,
g4 C

85 G0 START=X

86 RETURH

87 C

HES

B9 END



A FORTRAN

ODNCWND W

IV (VER L3%) SDURCE LISTINGY , 05/02/73

CBLIICK NATA ]
COMREOMN/BFDT/EDEF(60)
DATA ('«”f;f//'%.(‘:“)" B 73694 T7pm) ¢ OFwbpl e H03E=Ts0,00

A2 0a=227T0, 7&] 1‘!11{3{"{4"‘1& GLA”-}I;-'

+3 05=2265e127025651¢1496m3s9,43E2850,01
O)w”‘“.7;5 52445,25b=4,~3,33E~ 1250400
+3 Dp=1002%25,147%,1 981 a0 =3,075E«720,004

+(‘ {)""d’l‘“fz 74}}‘114{:;»1,7 0(’“”432 Oii){;‘*')"{)'{),/.,_.

#2008 =5507,595 1928213320 =350a050,40s
"‘}') ))""‘7{’31Le F‘.'(.»)&»})177<'5“').‘-'\) O»’».O’ .
'4? Da~2350 0210 7aT536,46Ew0,0,000,52
e 00 =1232,3105.422.5F=350,000.0/
ENU

PAGE
~109-



A FORTRAN

DT T A W N

¥

4+

VoO(VER L32) SOURCE LISTING: pdK FUMCTION 05702773 pfl%ﬁ

FIBICTY o EOR(HT.T)

TUREAL FPUL(e22)/121194005m12,09992 10063E-30 29, 43309, 437610

10

o2 0G0+

M“&-64096,0;+a4,aé;2$n,034,n,§,@;_M

+=O8200,05605,2322%0.0260050,0/
FREE=FELG (aal)
D010 d=l,2
N R
FREF=FRYERTHFENG(Jas 40D
FREOE=FRECHPENGIS, N wALDG MY s T+FENG(520) /(2 ,0%T)
FQKeF AR (wFrbB /(1 .907%T))

PETURH

i

CERD



'ﬁ FORTRAN Iy (VER L3%) SpUBRCE LISTINGT P FUNCTINON 05/02/73 PAGE

-111-
1 CPUNCTDONOVROTY

2 VP A (0G0, G/ Tma00G0E*T+94811)

3 FETURMN ‘

4 END



A FORTRAN IV (VER L38) SHURCE LISTING: nEwWPT  SUBROUTINE 05/02/713 PAGE
-112-
SUBRGUTINVE DEWPTINN, 1) '
COMMLN/ /5 TEN(13523)
Tzd 2he (0
o I=23 L

1 CALL SFLIT(HI,IT)
DEws1oUm{STRA( TS 1) +STRM (A, 1Y STRM(G, IY)/(STRM( L Lo 1)%VP(T))
JFCLAYLLEE 3000000052 T20717,823))15223
KETUR
MRITE (fea il
CFOPHMATCY Dey POTHT CALC it STREAY V,12,% DOES MOT COUVERGE!)
FETURN :

END

i

i
i
|
{
i

[ISEN ¥

e ?
O 0~ O L D e

-

el
0~



A FOR

Relie BN R R E I R

TRAN

L N alee

LSV IRV S SR

i
A

15

24
25

e

27

28
29

30
31

T

33
34

35

26
37

8

39

40

41
42
43
44
45
46

P

48
49

5o

eavana s 3

iv

(VER L34} STURCE LISTINGY LD SUBLRIOUTINE 05/02/73

SURRNUTLE COMD(TCUNDs IV Ve L HEATS )

o f"”?‘//’fe‘(}3;z3)

Tys= ha OF LET STREAM

Lis ‘,p? J T LET GAS STREAH

3
(8

L

LL=kD, oF DUTLET LIQUIL STREAM

ra,V{&T fﬁ'g. TENP, FRUM FAMGENHEIT TD CENTIGRADE

TCONEB=(TCD4460.0Y/1,8 '

CIR(TON ed”%)? Y 5352

CALL DFEAETIIVLT)

TF (T~ Fc! DY1a,1051 B

$268= Six»(’;IV)+uTyM<ﬁsIv3+§T€ (@;IV)

CALC. TUTAU AMILES 0F SULFUR IN VAPOR PHASE AT THE DEYW POINT

r1l§““hk(T'“JU)*{STRH(ll@}V>ﬁ52@9)/‘l,OfVP(TCUNQ))M““
CLES=3TR {11 IV I=SR684TnTER

agz&> TS

\ﬂwfyurnTgrw

S6EMAXsTLTSE

$5620,0

52=(56/E0 K(ZsTCU &))w*(1 B VETMELESHR(2,/2,)

SpmEC K(é;T( IYRCSH/EORK Lz, TCT \U))$*(4,/§.)/7“GLLQ#»(l YER

CHECK nNiilLE "LAN(P

CDIEF=1,0-(¢ %*§6+n2)/TiT§’

4

I%(»Av“<,I;:,u.o;.uol;&&,aénxxii})aiq;?”“
CALL EQUALIIV,LY)
STRM(L2,LVI=TCOND

“Szca£ST&n(w,1v>;32’ -

SECD=STHE (T IV ) m

SH(J FREEE (f:IV)u%8 e
CSLI0z6 0nSAC 8, 0%54CDY2 . naSC0D

wVAQ L 2030940, 0w, f@éu TN IRE2 Y %) ,087%],8
ﬂf5;3~~/ Pr(52C0+50C0+5D f;)w%E«T‘(IV)+SLTTH(LV)
CSYRM(TsLY) =54

STRMBLV =S5

CSTRE(9,LV =52 -

5TR%(11;LV7vTMJLVC

STRM(I2,LLY=TCON

CSTRM (LNt L)-wLIQVWW

CSTRM(LYsLL)=SLIQ

STRMLZ2LLY =S EATH(IV) =SERTHOLV ) +1EAT

CRETURM

5

3]

oo
16

7
A

FRITE(6s60) 1

PAGE
~113-

FARMAT (1 COMDENSER 1y TLyt TEWP IS TOJ LUV, SULFUR FREEZES AT 392K, !
%/ TEKHP SET=400K!) |

T(.l’x}}""ﬂli ..:‘
Gy T2
RITE(s160]

FORMAT(V SUECIFIFD TEMP FOR CUMDENSER 12171,0 1S AsnVE DES POINTY)

RETJRA
WRITE (65 )1 o o
FORMATUN COnDENSER ' 11s0 CALC, 5OES MOT CUNVERGE 1)



A FORTRAN IV (VER L39) SUURCE LISTINGY  cDHD SUBRIOUTINE 05702773 FAGE
‘ | ~114-
51 RETURN

52 ENL



A FORTRAN IV (VER L33) SOURCE LISTIMG: gQUAL SUBROTINE 05/02/73 ﬁﬁ%ﬁ
SUCROUTTFE EaUA
CumMaNZ /TN
D1 Islsll

1 STRMUTAHZ)=8TRM(TML)
RETURN _

END

[

L
2

{
2

Miga2)
%)

O W B N



‘A FORTRAN

35
37

38
39

5 STRM{ 13

+110/T1:!

g TUR
Enp

AV}}a§;:)Hv
G WRITECEs 23 (TITLEC T2 w1330 (CULIYsFRAC(TI)SSTRA( .M
L +STENM{12,4:
2 FURMAT(// T

Sy s STRE

(I‘ l"})

PRINT

SUBRIYT INE

200 Te Nz b,z v 180

FEETS'D STREAM', 1 (1)

IV (VER u3>) STURCE LISTING
CSUBRUUTT R PRIMNTING)
COMPIMZETRIL13523)
CIApsST0 . rRACLILYRC()]
ORATA G/ VR VHPS tall
FU62 VLIS IQ ML s Y/
FEAL=Q TITLEL3200 /)
4! BURNET, 1R H2S GAT,'St2)
T uf“';‘ﬁﬁa AT trs '3
+ ! DU Y VL ER DUTLY s "Ef(4)
OV VIVLET 21,08 GAS mIt,'Mon 1(5)
FV502 CAS VL UTI MIKER'YS 1 (h)
e PIRLET 0 HEATER 1P 1¢7)
+1 IBLET I, 0 REACTORY Y 140)
”if"”mGTLh?',f REACTEGY Y 109)
FULIOUTY S, TULFUE Cuts NG 110
LU ATLET R, GAS e D 101
VS22 LAS 1,0 T MUAERYS T2 012)

+ 1 THLET Y, HEATER '2'2113)
ot I“‘FT‘}‘YREACT”R?ff 2014y
+' GUTLET I, 0 REACTIRNSE 2(15)

P LTQUTID S 0ULFUR Ot ten 2016
MW*' GUTLETY, U GAS 0! Y0 2017)
+1SU2 GAS VL 0T0 MIKER!s'3¢18)
4! IMUET Y HEATER ';'311%)
0 IHLETY, 1 REACTORYS ' 3(20)
+V DUTLET .Y PEACTOR :’ %(?3)
AL TOUTN ST, UULFUR COts YN 22)
#OOQUTLET, bﬁbdfiﬁﬂ!;fll,ziééﬁ,mA
Bl d=ls11
1 FRACOII=STd (s NCY/STRMET 100D
IF<5T6*£23,rﬂ))%,2,4VMMHM"

Hpas,n)
1T13,348/7%,0 y
1922 A0 762820457265 E20,.82/1
¥V ENTHALPY,BTU/ri= 02048y

1710, 1MOLE

2156

FRAC,'T33, 1 LR
TEMPSDEGRELYS Ke',E20,5/

05/02/73

1y

) sT=1,11)0

FRRT

MOLES/HRY

PAGE
~116~



‘A FORTRAN TV (VER L35) SUURCE LISTING:  SENTH FUNCTION 05/02/73 PA%E
CFUNCTION SEFTH

COMMON/STuM ]2
COMptil /P DT 2C0E
f’E%T?“:«’U,{,
5001 I=lslo
HeyseR (=1

L SENTH=SELTH4EQUAISTRI(IZ2,K) s COEF(M)IBRSTRM(T K% 8
RETU . .
END

#7730 .

FLou)

3

DN LD W N



A FORTRAN IV (VER L2B) SOURCE LISTINCT  WHB SURROUTINE 0s/02/73 - FAGE
~118~
CSUBROUTIFE wWHBQ0IT) '
COMMUN//STIM12,5 2%
1ST BEATER COOLER CLININAZTED 7
TFOSTRUCL2,8)=STRMIL22T)Y625:6
CALC. TELP, NF GAS LEAVING WrB ReQD TO YIELD DESIRED TEMP AT
REACTOR INLET
5 THAX=STRIN(12,4)
STRM(12:6)Y2373,0
L DELH=SENTHIS )Y #SEMTHLOY =S nTHT)
10 TFAWAYL(DELHA0 021,02 STRINIZ2,0)0 THAX 1)) Lsbed
11 C HOp CALC o HELT REMUVED IN wiB
12 6 AUT==SELTE (4 ) +SENTH(L2 )+ SENTHI18)Y+SENTH(g)
72 RETURN
14 3 WRITE(Re4)
4 FORMATLY WASTE MEAT s0Iler CaLC DODES NuT CONVERGED)
16 _ RETURM
17 END

D ] O AR D 83 PN e
N S



APPENDIX C -119-

INPUT DATA
NO. OF REACTIRSe)
LB MOLES/IR
H2 Ny 00
H2S 100,00
Hal 0,00

TEMPAUEGREES F
FEED 98 4 ;0
JAIR 98400

REACTOR Ciriby TENWPR .5t CLIVERS UM BYFASS GAS SPLIT
1 30000 R -1 _1.00

FLAME TEMP,PEGREDS K=2114,47

LMASTE HEAT BDJLER up Tu/bks =0 5335109 07
HEATER=CHLLEE 1 OpnTu/iics GecoUOGE
CONDENSER 1 2, ETU/1R= —0,23492F 07



FETL STR
KOLE FRAC.

HZ 0000008 ¢
H2S 010000 0]
H20 N,00000F GO
N2 0.00000E ne

ngo NLH00C0F o
s02 D OO0OLE D
56 D.0000C0E 00

Y 0,000L500 o
52 0.00000Y 00
SLIC ODeNB0GCE n0
TMOLS T, 10000E 5]
TEMPLDEGREES K=
ENTHALPY,BTU/Hits

BURNER H2S

CMILE FRAC, -

H2 UQOO‘x“‘ {Q
H25 G 1000 481
H20 OaOQ“hvh 0
N2 CLOD00GE o
ne 3
Tsp2 , ST
Sé 0000037 00
S8 G.0000058 OO

52 DLO00CEE 10

SLIQ {;.(}( OU(\"“ ne

MDLS e e e lf‘ru\r\ RS |
TEMPADEGuEERT k-

ENTHALPY s BT/ HR=

BURNER A
MOLE FRAC

“H2 ﬂ.cowehh G

H2S N, 00000F 20
- H20 Qe GGLTGE o

N2 R 7%ghuF 0

2 Ce2lCUCE nC
s02 6, 00000 0

-0z, st
58 0.CO0ULL. g
Y De0TULDE o

SsLIe CL00000E GO
MOLS n,100008 r
TEMPODEGREFES K:

TENTHALPY, 3TLi/HE =

EAMLL)

L3 POLeS/uR
0060008 00
Oeln20r 03
Qe On0L0OE 00
D00 D0E VO
0s00000F 0O
0L 00000 DO
0 00000F 00
GeOnDuY 0O
DeOeonlr oo
D00 Cr 0D
Oelnn0E 03

(le31000E n3

e lf_}Sﬁ 05

GAS(2)

8 FaUEs/ek
OqOﬁC“OE a0

G2

i‘“\ AT (JG
OgO"("‘(H 00
Q2000008 00

0e0 ﬁwﬁz”oo i

Ce0D000E 00
002000 00
001 nT0E U0
0.000600F 00

00333338 €2

Ge3100CE 032
Oeb79082E C4

IR(3)
L POLES/UR

0,000008 GO

N QUNTOE O
Q000008 0D
0eloul0fE 03
0:5"“@(:0& G2

Qo000 00r DO
090 r‘L\J ”Q
Q«000¢00F CO
Qe 0000 00

De00GHNE UO

Oe23c10E 03

_Q.3IGOHE 03

0.35159L 058

~120-



} feLip

4 MOLE FRAC,
Mg H,00000F
H2S 0 0Q000F
He Qe 13084E
N2 -Qa?3ﬁ“2”
DZ Cco }‘:‘Jg
Sz Oal&(,‘%~'f£
S6 0.QO0GOE
Ts8 N,000060F
S2 0., 00000F
_SLIO 6.0000NE
MOLS D, 10000k

TEMPDEGREES K=
ENTHALPY 2310/ HRs-

- THULE FRAL,
M2 0. 000008
_M2s Oclwuoosv
H20 LOODUUE
NZ ,,oa Sl
a2 000000E
Tsoz “Hronutor
N 0 000DGE
58 ﬁeOOu¥“£
sz 0L 00000E
SLIQ ,anunz
MOLS ﬁ,lﬂbuﬂc

TTTENPS DEGREES K=
ENTHALPY;‘T /HR=
S12 GAS TO
MOLE FRAC.
HZ , 0, 0DD0ODE
H2S 0,00000T
L H2D _0,12054F
N2 - 0.73832F
- 02 06 00GHOE
e 0 (130847
56 L 0000NE
S8 0 slelererels
.52 0,00000F
SLIQ 0.00000F
MOLS 0.100G0FE

TEMP,DEGREES K=

ENTHALPY,BTU/HR=

JMLET H2S 6GAS M

EROUTLET ()
L3 MOLES/HER

0,21143F 04

QeTn7T28 L7

IXER ) (5)

ne 0000008 00
00 Qed0000E 0OQ
00 0.313233¢ 02
NG Delngl “r 03
00 O?O' (08 00
ad 0.32222E 02
0D D.000000 Q0
€ Qe O5006GE 0O
00 e 000C0OE 00
Io18; 0.000008 00
"1 0:254767 03

L POLesS/an

Ge31U00E 03
O llS(sz Cb

MIXERL(6)
kB POLES/HR

60 De0H0ON0E
00 O 050060F
ﬁf} B 0~3"*3"33f
00 QelunlOE
o1¢] 0 00000E
50 «33233¢C
o o omnnok”
a0 Qs 0GQO0OF
o0 0400000E
00 DeCO0OCOE
Ol Q254 T6HF

0.86764E 03
0,20862E C7

5o

r){) B

0o

ﬂ() ‘?205 ﬂ \(\F ”{‘
oL 04668070 02
00 Ge00H00E
00 0.00000F OO
eo. 0050008 00
e Ge 00007
e 0000508 GO
ul 04000098 00
(;; - ~()!0/’r )\)(.“
oe 0:00000F8 Q0
~-’\J 0!6(1(\071’ ()2

~121-



T H2S

H2

Hz2n
N2

sg2

s6

oy

s2

CSLIO
THOLS

TEME

ENTHALPY BTd/Hp="

nz

G 00C00T
0207417
0,10370F
0.58h19¢
VL 000060F
0103700
0.000CCE
”oGQUOQF

s QO0D0OUE
0,00UH(‘
5410000

DEGHRELS K=

INLET

“H2

H2S

THeO
N2
n2

802

S6
S8

sz

sLIQ
MOLS

MOLE FRAC,

QW 000007
o 20741

1, 103708

O 58519¢
ﬂ,QQQUOt

103707
ﬁ.ooo‘ﬂ
0.00000F
0, 00000F
O OOO\}("‘

+ 100COE

TEMp:DEGPfF%’Km
ENTHALPY,BTU/Hits

~ INLET HEs
MOLE FRAC,

TER 1(7)

0o
50
o0
50

G0

oo
0
a0
a0
0
Ol

Ls MOLES/HR
O 0000DF
Qebtts6TE
0.33233¢
Cel RRLIDE
00000608
Qe3%2230
QsO\H“QP
~\)20( \)(\Ord
Oe0u000F
OQOP”'OY
0e22143¢

Oe746279E 03

0o
0o
a0
00
0n
GO
00
goith
a0
00

o1

REACTAR _1(%)

0o

e
02
03

00

02
00

o

(914
00

03

___Qe2u9788 07

L vOTEs /i

,ng55375m

0e32323331
OelariQr
0.00000¢
0e332330
000000
0:00000¢
0.00000F
0.00000¢
0321431

O 74@2@[ 03
Q.20978E Q7

T H2

H25

_Hz2g

—ch

~eLTa

N2
- 02
s02

S8
S2

MOLS

UUTLET

MOLE FRAC.

T0.00000F
0,935028-01
Gh21817¢
DeBBE2GE

0000O0E
Cetb6TH1Y

T

00
00
D0

-1
0V129356-0]
Oelb4iizZl~

0e

0,407881=-0]

Oy 0{,"(,(”
“' 100\)(; W

__TEMP,DEGREES K=
TENTHALPY,BTU/HR=

STV
ol

Q0
0z
G2
03
00

P

00

#14]
00

03

0o

PEACTUR 1(9)
LB MOLES/:R

0:05000F
0.35000F
Os700000
D.18R10E
0:00000F
Oy150C0¢
0418501
ODeb4SaTAE
Oelz087F
0¢0GOLOT
0132085E

0.78765E 03

O 22919{ 07 © e e e

00

02
02
03
0o
02
0l
00
02

03

—

-122~



LTQUID SULFUR COND 1(10)

, MOLE
M2
H2S .
Hz O
N2
e
Sz
S6 -
S8
Se
SLIo

ML S
TEMP,DEGREES
ENTHALPY,bTU

FRAC,
DL,00000E
0.00000FE
0.00000F
0 000C0E
L 00000
G oCConor
L cOQ(‘ JOE
O(‘)( GF

O O0COHOE
_0.100000
O, 100000

K=
IHR=s

L MOLES/HK

GO, 0+000008 00 .
00 0 00300E 00
0o 000000 0OC
Go 0s00000F 00
0 Q.00000F 00
00 O« 00Q00E 00
0O 0.00000E 00
G0 D«00000E 00
0o Ne0NN00E 00
1 Q-;q4€0t 62
Nl CeB44080F 02

Deh22?22E 03

L =0e8HT9BE 06

DUTLET GAS

H2S

H20

N2

02

s0z

56

S8

s2

sLIQ

MOLS

TEMPs DEGREES
ENTHALstﬂTU

F—F« AC,
Q00000

[hX8)

0.98943E-01

0.230853L 00
D.,62039F 00
0,00000E op
49414 0T
O QZIRO” 04
06202335 =-073
Oy 294)/t~37“
0.00000F UG -
0,10000E n]

K"
/[HR=

LONp 21 (11)

D Q000E 00
Oe30000E 02

073600 02

O«15R10E 03
0« 0000G0OF 00

Delg791F~01
OebrabbE~01

0«00000E 0O

" 0slB000E Q2

T0e89310E£-05

0e3021GF 03

0.42222F 03
051068 06

-123-
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~ INPUT DATA

NO. OF REACTNRS=1
T L’B CHOLES/HR T

H2 0.00

H2S 100,00
5000

NZ 0,00
TTTTUTYEMP Y DEGREES F

FEED 98,00
_AIR%B.00

REACTOR  COND. TEMP.,F  COMVEKRSION  BYPASS GAS SPLIT
oo 300.0D0 06650 1.00

FLAME TEMP,DEGREES K=2114,47 o _

CWASTE HEAYT GOILER QeuTi/Hr=  =0,618%96E 07
THEATER=CUDLER 1 QaBTU/HR= Q.00000E 03

- CONDENSER 1 Q;BTU/HR= ~0.188lar 07



FEED STREAM(T)

MOLE FRAC. : LB MDLES/HR
He Lt 00N00E 00 0+00000E
H2S o 10000k 01 O0e¢l0090E
Han 0.00000F 00 0.00000¢
Ne _0,00000E 00 _ 0000008
0z 0.00000E 0O 0+ 0000OF
sge 0000008 GO 0.00000F
S6 _De00000E 0O _0e00N00E
S8 0. 00000E 00 0+ 06000F
s2 0.000GCE 00 0400000F
StIQ _ _0,00C00E 00 0.00000F
MOLS D, 100C0F 01 0«1CO00E
TEMP;DEGREES K= D.31000F 03

CENTHALPY,BTU/HR= - 0,17398fF 05

BURMER H28 GAS(2)

0o ..

03
00

00

00
00

Q0

00
00

Qo

03

MOLE %RAC. } LB MOLES/UR
H2 e 200COE 00 0 00000F
H2S m”glUUUULMQLm 033233 ¢
H20 0.00000L 0O 0s0G000E
N2 C00000CE 0O Qe QUOCOE
02 0.00000L 00 Q«00000F
s 0L,000060E 0O V00000
56 D 00000E 00 000000
58 0. 00000FE (O 000000E
Y2 DL 00000FE (0 0:00000F
SLIQ 0,000C0F 00 0:00000GF
MOLS N.100060F nl 033333
TTEMPSDEGREES K* T 0L.31000E 03

ENTHALPY,BTU/HRs= 0,57992¢ 04

oo

02

00
0o
0o

00

ao
00

00

00

L0z

BURNER AIR(3)

MOLE FRAC. L3 MOCES/HR
H2 0.000COE 0O 0¢0CO0OE
H2S . D.000CUE O 0¢CO0D0K
_H20 _0,00C00E uC D 00000E
N2 0. 7T90C0E QU DelfnlOF
Nz 0e2l0GOE 00 Oe50000F
sp2 L 0.00000E 00 ”QgOnn”OFW
56 0L 00000E 00 0¢00000F
S8 0.00000F 00 0« 00000F
S22 _Ls0CO000E 0O 0e0GO00E
SLIQ 0.00000GE §0O 0e00000E
MOLS 04.10000E 01 0+23810F
_TEMPsDEGREES K= . D+3)1C000E 03

ENTHALPY;%TU/Hk— T 0L35159F 05

00

00

0o

03
02
00

uo

0o

0o
03

00

-~125~



_hz2 -
HZ2S
{20
N
5
502
Sé6
~eg
$2
5112
TMDLS

TEMPs DEGREFS
_ENTHALPY aTil/idR=

Hz
HZS
“~Ha0
NZ
02

S sn2

. S6
56

g

SLIO
_MOLS

BURNFR DUTLET(4)
MOLE FRAC.

0,00000F

N.000008
0.13084F

0,73%32F"
hnLeoeo0r

D 13084¢
e QDOOOE
0L QOCOOF
0.,00C00L
G, 00000

0,100008

K=

CHMOLE FRAC.

0. 00000F
O.100C00¢

0 00000E

0,00000CH
G 00000F

0L, 000008

0.,0000GF

0,00000E
0.,00000F

0 QOcaoeE

6,10000E

CTEMP,DEGREES K«

ENTHALPY,

Nz
G2
sg2

e
S8
Se2

TSLIQ
MOLS

BTU/HE=

S002 GAS TO
MOLE FPAC, )
OQOOF

’\ UO’HJQE
0.l3QH4€

0,738228
0,00000¢

D 13084E

V00000

1 e GODOOE
0., 00000F

0L, 00000

0,10CuCE

TEMPLDEGREES K=

CENTHALPY,6TU/HR="  © 7

b FULFS/MR

0o C0e06n00E _00
00 Qe 00000LE 0O
no Dv32323F 02
e ~Oslrelop 03
0o 0.000008 00
o0 D 333338 02
00 0e0o000L 00
no 0000000 00
00 C:02000F 00
H0 o,Ornﬂo 0o
01 ; Ce25476F 03

I leQﬁE 04
0, 74772F C7

IMLEY H2S GAS MIXER 1(5) R
LE MOLES/HR

a0 Ce000OCOE 0O
el 0260667 02
GG Qe CCOLOFE 0O
00 D.000008 GO
00 02 0u0GOE 0O
6o 05000008 00
GG C.00n00E 00
00 0006600 00
oo 0.00G00F (O
00 Ve 0G000E 00
Ql B O ﬁn667rm03ﬁ
31000E 02

O 11598 €5

HIXERL{6)
LB MOLFS/uR

¢ 0eQGOD0OE 0O
oo Q:040G0F 00
00 0+3%233¢ 02
GO 0«18R108 U3
00 Q0:000C0F 0O
']y 0e32232 (2
o0 0. OQOUOLWOO““
20 Q000008 QO
0 0000006 00
Lo T0L0UNn0UE VO
01 0e25476F 03

(‘)'12&76‘; 07 S
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INLET HEATER

MOLE FRAC,

He 0,00000F 00, 0e00000E 00 ..
H2S 0.,20741C 00 Oebe6678 02
HzN O, lOB?UC 60 0333338 02
N2 0hB519F 00 0.16810F 03
a2 Ce ooquof oo 0000000 00
SUZ ilei\a%?{v‘[", ()O 03322‘33"—” (“2
56 L0.000000 00 QeQCQO0E 00
S8a 0, 000008 00 0.00000F U0

52 0.00000F 00 0000008 00
SLIQ ﬂ.u YOCOE 0O 0s00000E 00
MGLS 1000508 UL O0=32163¢F 03
TEMP,DEGREES K~ 58]935 03
MENTHALwV;HT‘/Hnﬁ_"wmmm*mm*Q,129)2 07 o

HQLF F AC«

Mz 0. 00000F 40
“H2S _“ 207418 oC
Hz20 e LOB3TCT o0
N2 U.g85L9E 1o
Dz 0L.,0000080 ¢
s Ce1037080 0o
Sé 0., 000008 o

S8 0L, 000006
sz MU 00NQCE
SLI@ L 00000TE
MOLS Oalﬁgpoiwg

TTEMPDEGREES K=

1¢7) B
oLk MOLES/HR

La POLE

0 00000E
Debiss6TE
Ne33323F
Q108107
0.0000OF

0+33333F 02

Oy002000F
0.0 ONG
0400000E
Q000001
O0e3p143F

0,58193F 03

THLET REACTOR 1(8)

00
Lz

Le
03
00

838]
(820

8o

0

03

MTEﬁP’DEGREESW%~HWWN,
ENTHALPY, BT/ Hr =

0.725955 03
0.,16751E 07

ENTHALPY BTU/HR = 0.129928 07
QUTLET REACTOR 1(9)

MDLE FRAC, - LB MOLES/HR
W2~ TTTEL00000F 00 02600008 00
H2S 0eT4489E=1] 0233337 02
H20 L,gﬁ@?%{ 10 Oe7t:607TF 02
N2 0 HOO4BE 00U " O«lfi810E G3
02 0. 00000E GO 0:0COU0E 00
sn2 372650 -01 Oel1n6TF 02
Y- ‘b 2220501 TOebGA0TE 0T
S8 (58722002 Del7476F UL
s2 0.145L29-o; 04454578 01
TSLIQ MQ}OOOﬁQ” 0o OoOQQOOﬁ 00 '
MOLS L10CC0E ol 0¢31324F 03
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LIQUTD SULFUR COND 1(10)
MOLE FRAC, LB MOLFS/HR
_HZ 0.000000 00 0060008 00

H25 0. 00000E 00 0e0rQ00E 0O
He O 0,00000E 1O 0s00000F 00
N2 D.00000E 00 0:00000F 00
e 0L 00000F 00 0000008 00
S 802 0000000 00 D0:00000F QO
$6 D.0000CE 00 0000008 00
Y T0L00UUCE 0 DL00000F U0
$2 0.00000F 00 DeQuONCE 00
SLIO 0100005 ] 0ebh3951 U2
TMOLS 7., 10000F 01 0e64395F 02
TEMPLDEGREES K= D,ha2222E 03
ENTHALPY BETU/HR=" =-0,40851F 06

o DUTLET GAS COMD 31€11)
MOLE FRAC. Lit MOLES/HR
H2 Ue00D0CE 00 0s000U0E 00

_HZS GeTTToTE~0D] D+233337 02
‘Hz20 0e255328 50 VeTo6676 02
N2 0,62090E 40 OvluzlOf 03
ne 0,00000E GO 0+ 0COUCFE 00

sp2T B E R T S 0116675 02
S6 D219 w04 Delpebir~01

_§8 04202230 ~03 OebLTL9E=D)
Sz D 29ubTFanT 0¢B83EIE=05
SLIQ 0L, 0000CE QO 0, 0COCOFE 00

_MOLS 0,10000E 0l Ce30004E 03

De42222E 03

TEMPSDEGREFS K= 4
ENTHALPY,, s Tt/HR= 0.5026%E C6
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INPUT DATA
_NO, OF REACTORS=1
LB MOLES/HR
H2 0,00
_Mes 300,00
H2O 0,00
N2 0,00

TEMPS DEGREES F
FEED SR,00
AIR 98,00 -
REACTOR  COND, TEWMP,,F  COMVERSION  BYPASS GAS SPLIT
Voo 300.00  0.700 le0Q

FLAME TEMPSLEGREES km2114

ASTF an/\l !I( fP “,; 1 i H'a =0, (;/g”[\s_)fm Q;l
HEATFR CIULE:« 1 GaeTU/iR= 0.,00000E OO
CONDENSER 1 R2s0TU/HE= -3.17234& 07



CFEE Q
MULE FRAC,
JHe G0000DE
Hz2 S D.10000¢F
H20 0000008
N2 0.00000€E
g2 0,00000F
502 0 00UGOE
56 . 0000000
Y 0L 000C0F
52 0000001
SLIQ 0. 00000F
THOLS CelODOLE ¢

TEMP,DEGREES K=

CENTHALPY,3T/HR
) ___Bur YK
) MOLE FRAC.

He 0000007
H2S L 100507
TH20 T 0L 00000
N2 HD,00000F
Dz C,000008
sn2 0L,000GGF
56 G, 00000L
S8 Ge0000HTE
S22 T0L,000L0E T
SLIQ 0000008
HDLS (Js lOU ‘(\
TTEMPRDEGREES K=
ENTHALPY,,BTU/HR =

32
SL1Q
HOLS

MOLE FRAC.

BURNE
3. CU00: \Nf
0,00070F
b 00000F
c 79000F
U 21000¢€
0,00020¢

000000k

0,00000E
_D.CODOOL

T0.00000F

0, 10000F

TEMP,DEGREES K=

TENTHALPY,

RTU/MR=

ST EAM(T)

_0D
o1
00
LU
(ﬂ
o0
O

Ehe
()
00
a1l

LA

MO eSS/

OQO\ ‘(30 ,()Q"“'

OQl\ O0F 03
Coe Odobﬂ 00
OgOGv(JF 00

0OODLOE 00

0e0000F 0O
0 O p 0D

Ve0rp00L 0O

0000008 0Q
00000 CO

0e10000E 03

De31000E 03

L 0.17398E

HZ2S5 6AS(2)

0
u]
o0
00
18
o0
oy
0
g
G0
ool

[%

0050098 CO

os

MOLFS/HR

0e0LO0GE 00

04333330 02

UQOLM\VH; 0o

C:00000FL €O
0.0000CE 00

Qe OONOC0E DD
Qe QonLOE 00
0e000C0E 0O
OQO(b”Oc 00

Je32233F G2

C0.31007E 05
0.579%2%

R AIR(3)
e
(¥t}
o
ro
°0
0o
1
-
00
0o
01

LB

04

Qe0n000FE 00
GeOnO0GOE QD0

MOLES/HR

0+00000g 00

De15810F U3
0:55000¢ 02

0e00CH0E 0O
0e00nLIOE 00

0,00000F 00
0020008 00

0.00000¢ 00

04233108 03

0431200F 03

0.35159F 05
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Bl NER
 MOLE FRAC.
Mz D.0000G0E

HZS 0., 00009¢E

M2 e 130%4H
_NZ R ‘_l 0 ® T58: 52 i
0e 00000
sz Uelﬁua+_
MS@_“MW 0, GR000F
S 2. 000008
32 PRIV IS

sL10 D O0GI0T

CNOILS UL.10000F

TEME, DEGRELS e
ENTHALPY, 870/ R a.

YOLE FRAC .

He 0e000OCE
h“S L Mg’elgf}(‘("*_
H20 0L, 00GU0F
Nz 0.0000CF
_DZNMW_ O 0000Ct
s02 Oou\vr
36 Q uwnowz
,-Sﬁ_ & e( I(M, ;
52 e A E
5LIQ i}cU"’C)L)")*
ML S 0100077

TYEMPLDEGREES K= 7
ENTHALPY S BTU/ M=

SN2 GAS Tu
MOLE FRAC,

THZ T 00000 T
H2S , QL. 000006
H20 (s 1303848
N2 TGLT3832F
D2 De 0O000E
502 O.l}ﬂhwf
B TG,L,000008
S8 OgOvOUUP

.Sz _0.00000E
SLIQ 0 00000E
MOLsS. 0e10000E

TEMPSDEGREES K=

CENTHALPY, BT/ HR=

DUTLET(4)

La POLES/HR
00 0e00000E

e 0:00000F

0.323232¢
30 Celpnloe
fLo o 06000E
G0 0323330
[ De00GDOC
50 U:000000

' 0L 00F

O00000F

Ge25476E
0,2114%E 04
_QeaTI2E 07

THLET H25 68 HMIXER 1(5

0O ..

00
02

03
00

0z

00

GQ
00

03

L 3 u:uFr/ﬁ;;\ -

GO 0020008
a1 BAX-T-TN A
0U O00000E
00 0.00n000¢
0o 003 000F
0o T 0.0 ‘DOLF“
0y 000 O}JL
300 OkO‘ﬁu'
GU Q.OHUﬁgp
0 ‘ De00000E
(l OeEr66TE

Ye310CCE 03
Qoll (/wl:: Cb

NIXERI(6)

o LB MOLesS/sl
oe C.0ac00fe
GO “0a02000¢
00 0e33333¢F
O Qelun]OF
o0 0eQO0O0CE
”( 0e33323¢
w GsQun00r
G0 Qe 00000E
DO B OFO‘){}O()'
(‘O O O(\f)g}{){’
Gl 0025476F

0.57997€ 03
0.99873F 06

0Q

00
00
00
{0
20

i)

0O
v

Do

0z

03

uo
02
UU
QQ
0o

03

6o
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. INLET
; MUOLE FRAC.
H2 0,00000F 00
H2S Qel2QTall 00
Hel 0D,103708 O
N2 0.58519¢ 00
nege T0L00000F o0
s02 G LO3T0E 00
S6 1L O000NE DO
88 THL0000GF vo T
§2 G00000E 00
SLIO 0.000CCE 0
THUOLS e 100UOE &r”
TEMPLDEGRELS K=
ENTHALFY BT/ Hite
TNLET

HEATER 1(7)

L MOLES/HR
0000008
Debht6bTE
0+33233¢
Qelunrlor
0. 00000F
C0¢32333€
() O )Mﬁ("
O ogo)og
(‘gf)( H“OF
0:00000F
o BélQJ_

\52082F 03
Q'1ﬁ194f.97”mmmeww“

REACTOR 1 (#)

02
02
03

00

02
00
00
00
0o

Ve

0o

MOLS

TEMPLDEGREES
LéTHALPY;BTt/M{:'

D.10
R-

O0C0F ol

0«31046F

0.69924E 03
Q 18422F C7

U3

o THMOLE FrACc Le MOLES/7HR
HZ $ 00000F 00 0e00QLOE 0O
H25 0;20741? 030 Dabt667TF 02

TH20 WL10B3T70E L0 0333338 02
NZ De58519¢ 00 O+ 15810 03
02 C.00000E 49 De¢0Orp0OE 0O

sn2 TGL,10370F 00 T0e393228 02
S6 G, OU0C0E D Ogofm‘ﬂr uo

NS& (\ QOACHLE r){} B O! 0OanL ‘J O(\ e
S2 TGL,00uoul po 0000008 0O
SLIQ OQGOOL< 00 0 0COLOE VO
MOLS LuUULr 21 0321438 03
T TEMPSDEGRELS xn‘ © UW52082F 03 .
ENTHALPYJ 3.‘-‘ ~.i/i‘_“' = O l‘\ll\,}li'E 0 7

QUTLET REACTOR Y(9)

R MILE FRAC, LB MOLES/UR
He 040007200 00 CeQu 000( JO
H2S 06442000} 0.20000F 02

_HzD _wc?57(3Fu W0 DeBigOE 02
Ng DLB0BRLE 0 0«132810 03
02 D.000008 G0 Ce0uDLOE OO0
_s02 _0,322190-41 0120008 V2 -
T 86 Ge2h0468=01 0e74653¢ 01
S8 NeBOY9ELE~02 0e251265 01

sz 04824518 -02 0e258%4¢ 01

TSLIO 0. 00U0DE 10 0200000F 00
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CLTOUID SULFUK COND 1(10)
Ls MOLES/HR

» MOLE
H2
Hes
H20
N2
o2
so2
S6.

58

s2

SEIe

HOLS

TEMIMs DEGREES

ENTHALPY, BIU/HRE

FRAC

2000088 00

Qs 00000E 00
0.00000E 00
0.00000F 00

T 00000E Ko

0, 00000F 00
0000038 (

04 00000E €0
Ce0O000E 00

IR ACIS U T o B

DL 100008 1

K=

. MOLE
H2
H25 _
H20
N2
02
sn2
$6
S8
58
SLIQ
MOLS

“TEMP,DEGREES

ENTHALPY . 2T

FRAC .
3.00000E 20

0,268468 00
5.62120F GO
$,00000F O

D42 18BE~04
0,202936=03

0. 000C0CE 0OC
0,10700E 01

033555801

L De6T115E-01

T00294576=07

D00u000E
Qe 0GOLOE
0:00000¢
0+009060F
OeOnipLOEe
0:.00000%
0000007
0 0npL0C
O« Q0008
0054558
OCebBabbE

Deh2222E 03
. =~0.379488F 06

QUTLET GAS COND 1(11)

(11¢)
00
09
0o
0o

00

90

00
00

02

uz

L3 MOLES/uR

0.00000¢
Q200008
ODBO00G0E
0«15R10F
Qe 00COCE
0el0p00F

00
U2 .
o2
03
00

DelznT2e-01
0e60295E-01

O¢B7T7H0E=GE

0.000008 €O

0s25800E 03

K= ~ 0e42222E 03

fHR=

0. 49869F 06

o
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~ INPUT DATA
nwﬂma_PF REACTORS=]
LB MOLES/HR
H2 0.00
_H2S__loen,o6 o
Hz20 000
N2 N,00
TEMPSDEGREFES F
FEED D800
JAIR 98000

REACTOR COND,y TERP . F COHVERSTON  BYPASS GAS SPLIT
1 30000 LeBOD _1le.00

FLAME TEMPLDEGREES Ku2)1l4 .47
U WASTE MEAT BOTLER " TU/UR= =0 R
HEATER=COOLER 1 aanTu/niks O LOnE 00

-3, 690708 07
CONDENSER ] N,BTU/HR= -0 G450 Q7
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, FEED STREAM(1) v

MOLE FRAC. Lo MOLpS/HR
_He Ds0000GFE 00 wQeOQQ“OVWQOWM
H2$ _ Ue LOODOE 01 O o000 03
H20 J.,000000 UO 00000608 00
N2 000000F 00 O Ozmﬂor 0o

o T0:00000F V0

ne 0L, 00000F ¢
s02 G CODUOE L0 ()g(),,{n.u)z; 00
S DL 00CURE 0n _0.0nnc0E Q0
S8 0 Uuu«u’ 0o Qe 0u0li0r Ul
Se ; 00 G2 00000n 00
sLIg 0.0 WVWAQ”" D0n0L0F 0O
mMOoLs G lO00uE ol 0 10GC0E 03
TEMPLDEGREFS K= DedilconE 03
_ENTHALPY,uiii/HR=- 04173780 €5

PURNER _H2S GAS(2)

THMOLE FRAC, LE MOLES/uR
H2 GLOUDCOE 00 QeQr i 00E G0
_H28 0106008 91 0332238 02
H20 0. 00000F 00 0,0a00H0E 00
N 0, 006008 00 0. 00000F 0O
D2 “;0090”'AWQ 0.000C0E 0O

s02 QeDOU”V“ 0 0.000D0GE GO
S6 , 000008 G 0000008 00
58 O OOCOGE Do D 0up0OE VO
82 LO00LOE G0 0L, 020008 00
SLIO L 00000E DO 0«00000E 0O
__MOLS 0.;0‘(”' nl  De33m33c 02
TTEMPSDEGREES K= J 31¥O”E 03

ENTHALPY 3T/ HR= 0.57992E 04

BUPNER AIR(3)

. M2 M-OO‘

60 0+000C0E 00
H25 000 00 Q. 0Nn000F 00
_H20 ﬂ.OHU( &0 0060008 00
N2 LT9000E TheT T0elanlug 03
- 02 O 21000t 00 0500008 U2
sg02 _£,00090€F €0 0e00000F 00
T S6 0,00000F 00 0000008 00
S8 C1OOC;3‘ o0 D000 E 00
82 fOUGEOE 00 0.00000F €O
SLIQ u LOCUJOE GO 0+ D00V0E 00
MOLS 0100008 1 CQe238106 (3
TEMP,DEGREES K: 0.31000F 03

CENTHALPY, BT/ Hr="" 77 0,35159E 05 7

MOLE FRAC, S . Ls Mnt;Q/xR_m




 BURHME

MOLE FRAC,

_H2
H2S5
H20

N2
ne
sQz
S6
58
S$2
SLIQ

TMOLS

TEMP» DEGREES

_ENTHALTY, B

. INLET H2
TMOTE FRAC,

Oel3084F
0L,738320

0.13084F
0. 00000F
0 0QUODUE
0 DOVCGE
0, 000008
0L, 100008
K=

Tu/Hp=

ER GUTLET(4)

Leg0oeot
6. 000G0F

O, o000

5
Q0
Qe

l.i

RO

0o

00

RALYS

G0
00
(10

L0V T4TIE O

0e21145E

MOLES/HR

0200000F
033333

Oelnal0E
0e00000E

0e33333F

20 00000E

Q O( J“Of
O¢QuOLLE
Og 0.,3‘.)&.()5:

0e254T0F

04

'S GAS MIXER 1(5)
- 1

00006008

0o

(14
02
03
0o

\..' ‘4

co

0Q
00
G0

03

MOLES/aR

CENTHALPY,BTU/HR=

O 4“01(’}&. Ob S e

H2 D GUDGOE O D+00O0O0E 0O
H28 0, 10000E ol Qe bH6OTE 02

TH2O T “<.00n,»;‘dé”‘ “O‘Omhnﬁé“qo
N2 o DOOCOE 00 0000008 00
n2 LOUNDGE 10 0e00000E 0O

snz T '0;600@0&“6@”' T0.00000F GO
56 1, 00000E 00 0.000008 00
S8 0.00000F 10 _0.00000F 00

e S unoee o ’olu<eroo"
SLIQ 0.,0000CE 00 0.0 OG0E U0

CMOLS . 0,1000CE 0l Debt66TE 02
TEMP,DEGREES K= Ge3100vE 03
ENTHALPY BTU/HR= D.115988 08

S22 GAS Tii MIXFR1(6)

o miLE FRAC. ! “UL&S/*R L
H2 0e0000DE GG O:O&OﬁOF no
H25 0,00000F 00 0« 0n00G0E QO

_Hz20 _De130240 00 . D+33233¢ 02
N2 0,T3832E 00 0elr2l0F 03
02 0L00000F 00 0040008 0O

S0z Gel3084F ng 03313233F 02
S6 T0, 000008 00 T 0«0UOLOE 00
S8 HQOOO(UF_QU 0000000 00

52 00000F g0 0¢00000E 00
SL1Q H,OOOuu‘ 5o T0.00NU0E 00
MOLS 0 lO0CUE Ul 0285676 03

_ _TEMP,DEGREES K= De43922E 03
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ASCE.

“(\(’ .

ne

TINLET
: MOLE FrRAC.

_He D.00C00E
HZS Ve 20T41F U
H20 O 10370F o6
NZ _ nJg5l‘H~ r}(

he T QgUOubO
sfe Qe LOAT0E 0
56 Oe QO(")‘ 14
s UEOOOHL,de
S2 LO00O0E (D
SLfQ_4 cDO0O0E
MOLS ualoﬂwhiwdl

C TEMP,DEGREES K=

_ENTHALPY,BTU/HR=,

_0eB01798 C6

FEATER 1(7)

LG MOLES/HR
Be000008
O GGLHEOTE
De33233¢
Gelrglor
Qe ONONOE
0«33 1.5 ‘“if
000000
Oc()\J(\(‘OF
0¢00G0OE
0 Q‘ﬁ(nr

_ T 0e32143F

U.‘tl(*?lf_ OJ}

00 .

02
G2
03

00

Oz -
GO
00
00
00
03

INLET REACTOR_1(R) ]
MOLE FRAC, Lé MOLES/HR

H2 G.000005 O 0000 00E 00
_Has L Ce207alE OO _Qeb6606TE V2

Hen 0,103700 0@ 0e33233F 02

N2 0.58H19E (0 0+:16810F 03
oz _LOO00OE 06 L 0.000008 00

sG2 OglOBVOE 00 03323336 02

56 L0000CE 0 0.,000600C VD

58 euuuoof_p~m_ Oeoﬁv\OFmQQ“w

52 0 oounUe GO G00000F €O

SLIQ U.OOUroL 0¢ 0n000“0[ 00

MOLS 1. 10C0CE o1 3;1425»9%ww

T TEMPDEGRELS Ka

ENTHALPY, BT U/ bR
BUTLET
- MOLE FRAC, A
H2 2.00000F oD
~ H2% Deb43437TE~0]
HZQM_ Ne2B2341E 00
Nz- L) 612,[L 00
. D2 DL, 00000k 6O
sp2 Vel TI8E=1))
S6 DL 2329TE=n1
S8 0el4610FE~01
§2 0 20458E=02
TSLIO O 0o oy
MOLS 0.10000E 01}

TEMP,DEGREES K=

TENTHALPY, BTO7Hirs =

Qe 41071E 0«
D.501795 06

REACTOR 1(9)

L MDLFR/AR
0.00000F
0s13333F
DeBrebtTFr
0e12810¢
0e00000E
DeHabbTE
0 T1813E
Debapalp
0262889E
Qe 0CQUOE
0+30896F

0,64372E 03

0157198 07 T

00

o2
02

03
00
Ul
Ul
01
00___
0Q
03
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M2
HeS
Hefl
Nz
sn2
S6
52

S5L1Q

MOLs T
TEMP,DEGREES

TLIQUID SULFUR COND 10100
MOLE FRAC,
e Q0000E 0D

0,0000CE 00
0.00000F 00
0.00000F 60

DY R0000E o7

0.00000E 00
N COOOOE €O

T0L0000CE 00

0.000GCE 00
Nl00000 0l

T 10000F o1
0.42222E

K=

__ENTHALPY, 0Tt/ W=

H2
_Hzs.
H2o
N2
02
""" 502
56
S8
—e5
sL10
MOLS

TYEMPDEGREES K=

~0.363768 C6

L MOLeS/Zuk
DeDCLODOE_ U0

CeDCODOE 0O
0:0:000F 00

0,00n0COF 00
0 0GO00E 0O

Qe QCCGUOF 0O
Qe 0DL000E 0C

0.0c000E 00

0y 0GN00E 0O
De75492F 02

OeT9492F 02

03

DUTLET GAS COMD 1(11)

HOLE FRAC.

. g -,
(1, Q00OCE 0

-(?9{*5244P~/}

0294021 4 -

O0.638128 0
N. 000008 00O

0226170 ~01

G462109E=-004
020232613

Ce2P45TE-0T

G.000G0E 020
010000t 01

ENTHALPY,RTU/Hk=

COLROMOLESTART

0000008 00

0+13333F 02

QeBLHOTE G2
O0«15810E C3
0000008 00

C0e6666TE 01

Qel2d360~01
Debte6lE~01

0e86828E-05

0. 00000E 00

Yoo . 0e26477C 03
0.422272F 02
0. 49069E 06
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O INPUT DATA
NO, OF REACTURS=]
LB MOLES/IR

Hg - {1, Q0
HR2S _100.00
Hz2 [ Q0,00
N2 0,00

TEMP, DEGREES F
FEEQ GB.O0

CAIR 98,00

REACTOR COMD, TENP,,F CONVERSIUN BYPASS GAS SPLIT
1 A0C.00 0900 L Ye00

FLAME TEMPDEGPEES K=22114 47 :
CALC FUR REACTURY JMLET STREAM _DUES 6inT cOMVERGE
WASTE HEAT BOILER QseTu/iR= =0, 72200E 07
HEATER-CODLER 1 QsBTU/HiR= O0.0c0000E 09
_CONDENSER 1 2p8TU/Hk=  ~0411265E 07
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‘ FEED STREAM(Y)
: MOLE FRAC, Lo MOLpS/uR
K2 0. 060000F 00 0«00000F 0O
HZS G.]OQOQL 91 Qe l:DD0E 03
H2U 0 QO0Q0OE oo 0« 0000D0OE VO
Me 0.00000E 00 000008 U0
g VL 00000F 60 0:04000F DO
S0 D.00000E 40 s 09n00E GO
S6 O DuuwquﬂOm D 0UOB0E 0O
55 N, 0000CE 0 0+ OLOLUE 00
S2 0. QODLOE 0D G Q0000 N0
SLIQ p.Oouon& 0o 0e03000E OO
MOLS O 0.10000E 01 0¢10000€ 03
CTEMPHDEGRERS K= Ce31000E 03
ENTHALPY BTU/HR="  ,17398F 05

e BURKER H2Ss GASt2y

o HOLE FRAC, L MDLES/HR

H2 D, 00000E £ 0«00000E 00
H2S 0,100008 o1 0323333 02

TH20 T0L00000LE 00 DeO0DD0OE 00
NZ 0000008 00 0« 00000F 00
02 0.000GCE 0O D010 00F 00

snE T0L.0000GUE 00T 0 0GUOCE UG
S$6 D.00000F o0 D+ 00000F 0O
S8 U DOURUE 00 GeO0C0ON0E 00

82 TOL00uBOE GO 0 00G00E 00
SLIQ DL,000200E 0 000000E 0O
MOLS 0:10000E 0] 0+33233¢ 02
TTEMPSDEGHREFS K= T 0L 31000F 03 o
ENTHALPY8TU/HR= D.57992F 04

BURMER ALR(3) )
MOLE N\Mé' e kB MOLES/HR
H2 L00CO0E 10 0:035000F 00
H2S Q CODGOE 00 Qe 0450008 00
_H20 0,00050E CO0 0+0000CE 0O
N2T D T9000E D0 0 1‘310s 03
$02 0, 000008 0n OQOUOUOE 00
S S6 0.00C00E QU S 0+00000E 90
88 G000UNE 0O 0000008 00
sz 0.00000E 00 040060008 00
SLIQ ”u.oon I0F 00 0.0unCOE 00
MOLS 0.10000E ¢1 0¢23310F 03
_TEMP,DEGRERS K= 0.31000E 03

TENTHALPY, 8TU/HR=" "7 T 0y 35169 05 T T




HZ
H2S
H20)
N2
oz
sG2
56
S8
52
_5L1Q
MOLS
TEMRP,DEG

CBURNER

MOLE FRAC,

_ENTHALPY AT

_0,00000E 5

0 O0CCOL
013064

CeTRH32F
“““ﬁqﬁﬁh:

130040
{\ 00090E

[ R

TCLOG000E Do

’) OOOOGE

DUTLET (4)

LG
0De0CODOE 00

HMOLES/HR

0+.00000F 0D
03233335 02
OelenlOe 03

Q333233 02
DaOt’m(;(’){ f)O

CGe000L0E 00

O Ot U( ,)[ ')U o

0;() (\!)”F OO
}e 02000E VO

TQe25476E 03

C‘/f
a7t

QU(/” ¥ T G0
L10000E Ol v
CREES K» 0.21145E
diRPsr o 0eT&TT2E
INLET H2S GAS MIXER 1(5)

H2
H2s
H20
N2
02
Tsaz2
$6
58
S2
5L1Q
_MOLS

TEME,DEGHRESE

ML‘ Eﬁ

o
=

FRAC,
O, OU() Uk

0,100 r»ot“ )

O oQo0oE
0. 00000k
0. 008008

Wﬁ;@ﬁcuﬁﬁ‘

eOO“()f
OOUuU‘”

h 0 eooouc

0,00000F

» 10000

Km

ENTHALPY BT ./ HE=

_ L MBLE

T

H2S
LS

S02 GAS Ta

N2
" 02
spn2

ERAC,
0. 0Q0C00E
0,00000F

Dy l%"\é)‘tr'“
O T3832¢

«000D0L
0.130@4?

=TS
58
$2

0 00000
0+0000CF
G.000008

CSLIN
MOLS

N, 10000E

TEMPSDEGREES K=

TENTHALRY BTU/HR= 0,

utl_

0. 00000F

Lw

09
o1
G0
[
( ()

3
\J,}

o

00
ncﬂw

o0

31300E

(} l.lb-"‘ivi.

MIXERLI (&)

o
o0

20

00

10

0o

(yi}

NG

...l ‘} .

a0

ol

J.37300L

L

0.25721F

POLFS ke

Ce OM00O0E QO

Oe65607E 02

0¢00000E 00
O 000008 GO
C: 005008 0O

O.OQ\HO”'GQ”

Qe 000U0E GO

ﬂ O \(‘s ;()} f"\n_»

OnO*H" DOE 00
0060008 GO

03
0s

0. 00 O00F 00
0000008 OO

»0*35“%3FUOZQM

U:lrcsl(){' ¢3
0000008 00

O 35”*4’v92.m
D+ 0UCLOE 00

0000008 Q0

0900000 0O

HOLeS/ur

OebnetTE G2

0:000008 00

Qe2847HF 03
()3 - - P
06
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INLET HEATER 1(7)

HOLE FRAC, | LB MOLES/HR
HZ . 0000008 00 Do 00en0OE 00
H2S 0.207418 O DeGu606TE Q2
H20 010370FE 00 Qe23%33F 02
Nz DB8B19F 00 O« 16810F 03
ne T0L,00000F 00 Ve OOONOE VO
502 010370E DO De323%30 02
S6 000000E o CrONDOOE DO
S8 0.0CO00E 00 0eQLNOOE 0O
52 0.00000F 00 0:000008 00
SLIA 9,000C0L 00 0¢00000E 0O
TMOLS O 100GGE fl 0eB2143F 03
TEMP,DEGREES K= . 0352028 03

wﬁﬂiﬂékEY;SIy!ﬁRMMWWMMMMMWQQZéaﬁQEMPéwmwme

INLET REACTOR 1(8)

, AOLE FRAC, LE POTES/aR
H2 0, 00000F 0D . 0«0CGG0OE 00
H2S 04207415 00 QebinbTE 02
“H2O T0L,10370¢E D0 033332 02
N2 0«585190 o0 02128108 03
02 0.00000F 10 OgOm 0OE 00
S0 TULI03TeE G 0323338 02
$6 0. 000005 00 QoOUOOOF 00
S8 G, C0000E L0 0e0000CE VO
S22 0L 00000E 00 0:00000F 0O
SLIQ G.00000E QO 0:00000F 00
MOLS D.1CG0C0E 01 0+32143F 03
TTEMPLDEGLEES K=" T 0.29080CE 03 T
ENTHALPY, TU/HR = ~0,67534F 03

OQUTLETY REACTOR 1(9)

. MDLE FRAC. LB MOLES/HR
H2 0,000008 0 0e0CHOOE 00
H2S » 0e21%215=001 Osb6666TF D]
H20 0.,3C0908K 00 093333F 02

N2 TQebLBROF GO QelualOF 03
02 0000008 20 0e0ONGOOE GO
S02 0,10961F=(1 0¢303333F 01

s T Ve lbba9r-ny 0.50632F 017
S8 0e244086F=11 OeTubab7e O1
s2 0e222060~03 0 6777TTE-0L

sLIQ DL000G0F 0D 020C000E 00
MOLS 0100008 01 0«30412F 03
TEMPLDEGREFES K= O 57?9 BE 05

TENTHALPY,BTU/HR=s" 7700124158 07 T
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MOLE FRAC,

_He _0,00000E 09
H2S 0L00000F Do
H20 000000E 00
N2 "0, 00000 00

o T0L000G0F U

S Sp2 CGLO00GQCE 00
56 0«C00GC0OE nO

s T00000CE G0
52 CeOODLOE v

~§QIQ , 0,10C0UCE o}

MOLS 'Ogluo“az ol

TEr P DEGREES K=
ENTHALPY, BIJ/HR=

o OUTLET GAS
MOLE FRAC,

- H2 0.00000E 00
H2S De22B062E=01
TH20 0. 320060F 00
N2 De.645025 00
ne 0L.,00000E 0O

S s TDL.11431F-01
56 De621890~04

58 0e20233F-03
S2 De2945TE-0T
SLIQ Qe 0C000F GO
MOLS 04100008 01

TTEMP,DEGREES W=
CENTHALPY,RTU/HR=

CLTQUID SULFuK

L ~0.306769F 06

ﬁﬁﬁb ]{
L itF‘/

uogorm00£ QQMW

D Cunii0e GO
0000008 00
D:00000F DO

0000008 00
0eQ0HUUE 0O

O.000000 00
DeBun43r (2

Qeh2222E 03

COND 1(1]} B
L3 MOLES/uR
0:QUNB0OE (0
Oab&éhfr 01

«923338 02

OgluR)UF 03
_‘_OQOW‘( Gr GO

Osl B03E~01
CDebu003e-01

0:00000F 00

«33233F 01

DeQCON0E 00

0s 00000 00

0895435 02

0eB5RI9E-05

0291618 03

0.42222F 03

0.48269F 06
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~INPUT DATA
NO, DF REACTIRS =]
TR MOLES/HR
He 0. 00
__H2S8 100,00
Hz0 T 0.00
N 2 0 ® O Q

TEMPSDEGREES F
AR 98,00

REACTOR  COMD, TENMP,,F  CUMVERSTON  BYPASS GAS SPLIT
Vo 200.00 WY o Xe00

FLAME TEMP,OEGREES K22114.47 : 4 .
__CALC FUOR REACTNRY IFLET STREAM DDES ROY CONVERGE

SPECIFIED COnmVERSTIN 1 REACTOR 1 CCEURS BELOW DEW

POINT, CONVERSION RELUCED TO 0.92C0

WASTE HEAT BOTLER QunTUH/HR=  «0,722008 07
TOHEATER-CODLER 1 QpBTU/1R= 0,000006 00
© CONDENSER 1 L,3TU/jHKs -G 104168 O



H2 (e Q0UDOF
H2S OQIOUOOE
H20 L OD0Q00F

N2 A”Q 0000OQF
n2 0.00000F
50z 0. 00000F
S6 _0,00000F
S8 0,00000F
S2 000000
SLIQ NeQOCICE
MOLS 9.100008
TEMPLDEGREES K-

MOLE FRAC.

CENTHALPY, 5T/ Hk=

H2 G DOOO0E 0N
_H2s§ Dellounlr
“He2n Ce0OUONE L0
N2 0,00000E 00
02 0,000090E 00
802 TJe00000E 00
S6 D 000008 0
58 0,000C0E L0

s2 d.UOU‘UtMMMM
SLIQ O.OOOUNF 00
MOLS lO(:Jb ol

H2 O, 00000 20
HZ2S G, DO0N0E 00
H20 0,000008 00
NZ (. 7TIDOCUE 00
nz Ne21000E 00
502 D, 00N0N0E 40
S6 0, 00000% a0
$3 0,000008 00
52 0,00000E 00
st1e 0L U00O0E DY
MOLS U«l0000E 01

HOLE FRAC.

CTEMP,DEGREES KL
ENTHALPY,B8TU/HR=

BURNM FR H

FELD STREAM(1)

oo

il
¢0
G0

o

)
o0
00
V]
0
ol

_0.17398E 05

‘5.6

a1

Co

L PDLES/UR

CelpCOE 03
0:0000D0E 00

0000008 N0

0:060N0E 00

O 00C0GHOE 0D
Qe Q000E Q0

LD 0Ca00E 00

0« 0LO00E CO
D2 000UCOE 00

000000F 00

O10000F 03
DL31GH0E 03

ASC2Y
LB MOLES/HKR
CeQ:QLOE QO

OqO‘@uOt 00
0:00000F 0O
_0.0CH00E 00

OeQo000E OO
10+02000¢ 00

OOUCOF (41§
O e DOOCO0E 00
vual—;‘O\JE (}5
0.579%2E 04

SURNER ATR(3)

TEMP,DEGREES K=
CENTHALPY,2TU/HR=

MOLE FRAC.

bE MOLES/MR
0+00G000E CO
DeCLOUOE 0O

T0.00000F 00

0+33333F 02

0332333F G2

L 0.000008 00

0el°810F 03
0e5¢000E 02
0p00000E 00
T0e0uN00E 00
OgO’ OUDE G0

CeQi-00OE QO

mo 00nC0L 00

0e23810F 03

0¢31000EF 03

035159 05
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MOLE
o H2
H2S
H20
N2
e
SN2
6
58
S2
SLIQ
CMOLS
TEMPsDEGRELS

FEAC,

QL 000NCE

0.0C200E
(e l3084E
NeT3332F

5 ; 0Chunf

Oe)lB3ORAE

0, 000D0E

D, 00000E
e 0000
N GODLNE
0e1000CE
K=

L ENTHALPY, ETU/HP =

N2
02

S sn2
S6
S8

—e5—-
SL10
MOLS

T TEMPYDEGRELS

MOLE

FRAC .,

e QNOON0E
(e JUDOUE
U QOOCE
G, 000LOFE
Le00NNHNOE

Da000N0E

e OOUIOE
D000 0k
0L 0CHN0E
e QOLLOE
0,100C0¢

ENTHALPY ETU/HRS

s02 6AS Te
§ ... MOLE FRAC,

H2
H2S
H20
N2
02
s02
SYEE
S8
52
SL1Q
MOLS
TEMP,DEGREES

0e0COUOF
D, 00500L
D13084F

C0eT30321E

Gv0UBTOL
0.130F4E

N,00000E

0. 00VLOE
D ONLEOF

0L 00GUOF

NelOOLOE
K=

TENTHALPY, BT /Hr=s

00
v
0o

00

a0

a0
00

1Y)

G0
00

"

RUSNER GUTLET(4)
Le MOLES/HR
0e 000001

T 0e2haTEF

O 0000OF
Ve33333¢
D¢l r10F
O COpLor
De32m3ag
0 0L00COYT
De0300CE
0,00000F
0 Q- N00R

Ve2l145E 04

I T €3 & 2 S O

no
cl

oy

00
G0
00
50
o0

06

30]

el

0,00000E

WQQOQHOUE

JULET H25 GAS MIXER 1(¢5)
LE MOLES/HR

QeQ0GCOE
0064657

0« 0020C0OF

0« 000UOE
Ds00000F

0w 0000

De000U0E
Oebir:bTE

© 0e3100CE 03
0.11598E 05

HMIXERLI(6)

Sy

00
00

0o

on
§39]

00
0

co

01

rQ

00 .

00
ve
03

02

0o

0o

0o
0a -
(§16]
U3

00

00
GO
00

ve

86

00
00
00
00
vz

LR MOLES/HR

0+ 000O0OF
Ca0UnCOF
003:"233;’

0e14810E

Qe Q0 00F
De3N223
Qe 0 CLOF
0eQ00Q00FE
Ce D00}
0eDLOVOE
Os25476F

_037300E 03 -
0.25721F 06

00

GO
e
03
00
0z
(1)
0o
6o
o
¢3
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H2
H2's
H20
N2
nz
$02
S6
$8
52
HSLIQ
MOL S

TEMPADEG
ENTHALPY  BTU/HR=

H2
H2Zs
H20
N2
02
sn27
56
58
2
SLIQ
MOLS

MOLE

INLET MEATER 1(7)

FRAC,

LR 000UCE 00

helCT741L 00
0,10370E 00

NebEH1IE 0O

Q*Ob”b”b &18)
0LIC3T0E 0

MOHOOQQOE a0
0,000020E 0O

0 00000E 00
000000 00
J:l“U““ (45

REFS K=

La

Oeloalr 03

MOLES/ZHR

0:00000F CQ_ .

Oeb6e667 i 2
0.32233¢ 02

L

000 n00p 00
ODe32133p 02

D 0H000F 00

O 000Q0OE OO0
0e0GC00OF Q0

O«0cHu0E OO0

INLET REACTOR 1(8)
CMOLE FRAC,

CLOODEOE A0

) 20741F ng

103708 00
eSRE51VE 00
Q,OOQUOt !

L )

..“.0,3 é' & {').7 E 0 2,

0 lU370E oo

DL 00000E G0

Ce0O0LOE 00
G000 20

0.00020E 920
CLlONCOE 1

TEMPLOEGREES K=
ENTHALPY s BTU/HR=

N2
0z
Soz
Sé
SA
s2
SLIQ
MOLS

OUTLET

0e371438 03
0:¢35902E 03
0,25800F

e

O ol»\0€ ¢o

03333431 02
Ol 10 03
0«00000F D

00 33339F G2 7

O 0o0D0E 00
0+00000E 0O

0e0CO0OF 00

0000008 00

0.3)145L_Q§”

0, 2950wF 03
~0.6T534F 03

KEACTOR 1(9)

e31)40E 09

__F P AC *

o Ls M

,OOO}“gvﬁéwmw‘

O 175678 -,1

De6195%4F 0
0,00000E 00

_»}QQ’?H‘&" -2

W14375F.n]
3Q27o 2=l
Uelll328-03
0. 00020E O
D 1000DE 0}

TEMP,DEGREES K=

ENTHALPY BT/ Hle

Qe 03000 00
0+5%333F 01

De9466TE 02

e 1EP10F U3
O!O(ol)'){ 90
0e2eh07c 01

0?43644é 01

OeB21308 Q1

0s33792c=0]

U11551E

CeODDNOE 0O

0+30361F 03

0,55549E 03

07

OLFS/HR
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H2
TH2S
H20
N2
“ns
s02
56
38
S2

stie

CMDLS

MOLE FRAC.
~~£J?OO(H)QF Bl

0« 0DQ0UE NQ
00000601 0C¢

_04000U0OE 6B
H.000000 o

0, 000000 L0
(3. 00000E 00

T0.00000E 00

74 00000E pO
04 LOVCOE 01

0,10000F 01

TEMPsDEGREES K=

_ENTHALPY, BT /MRS

H2
_H2s
H20
N2
02
7802
$6
58
~33—

sLIQ
MOLS

T TEMPLDEGREES K=

DL G0000EF 00
0e183240~(1

T Ge32524F 00

0.,64623L 00
C.000008 00

TGL91618E -7

0,421590-054
0,202330=03

TUs29457E=-0T7

0.00C00E <0
O IOO()(JF ,I")l

ENTHALPY BTU/HR =

0e42222F
Lm0.367570 06

Ld MOLES/UR
0000008 00

0:000000F 00
00C000F 00
Qe OCN0OEF €O

0L 0COLOE 0D

G 00N00OE GO

0e00C0OE 0O

D¢ 0CO0ODE CO
Qe 0 0OGOT VO

0.91413E 02
0e9T4138 02

03

DUTLET GAS COND 1(11)

MOLE FPAC. Lo MOLes/uek

0.000008 QO

 0e523330 0L

0e94667TE 02
O«1uR)0E 03
000,008 CO

C0s2e66TF 017

Oslz280c=~01
OeBLRY2E~(])

0e85739E~05

0«00QOOE 00

. 0e25107F 03
Got2227E 03
0.431106 06
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