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"ABSTRACT 

A computer program which calculates a complete heat and 

material balance around a "split 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 burner combustion gases, the cooling 

load of the waste heat boiler and each condenser, 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 oxidation. 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 written by Opekar and 

Goar(11), Boas and Andrade(1) and others, but because of their 

proprietary nature, only brief descriptions 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 provide 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. The program, 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(14) 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. In this 

process, hydrogen sulfide is oxidized in the vapor phase with 

either air or sulfur dioxide according to the overall reaction: 

H2S + [0] H2O + S (R2-l) 

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 

At203(bauxite), activated carbons, silica gel, silicates of 

+++ •  AR, and Few 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 three basic methods for doing 

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 95% with 

two catalytic reactors and 95 to 98% 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 carrying the vapor 

phase oxidation of H2S 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 

3H2S + 3/2 02 + 3H20 + 3/e Se (R2-2) 

AH = 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.(1) In order to obtain yields of 80-90%, 

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 H2S streams for 

which it is difficult to sustain combustion with the other 

two methods. In this case, the air 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 significant 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 

H2S + S + 02 4-  H2O + SO2 (R2-3) 

AH = 124-138 Kcal 

(1) Space velocity is defined as the volume of feed gas 
(S.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 

2H2S + SO2 4-,  -+ 2H20 + 3/e Se (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 80% of the total heat 

of reaction is liberated before the final catalytic conversion. 

As a result, the space velocity can be increased about one 

hundred fold while maintaining operating temperatures at 

sufficiently low levels. Another advantage of this process 

is 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 H2S 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. In case of very low H2S concentrations, the flame temp-

eratnre could be boosted by adding supplemental hydrocarbons 

or by indirectly preheating the air or acid gas before charg-

ing to the burner. The 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. C. 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 conversion steps to recover effectively all of the sul-

fur. A diagram of a straight through Claus plant is shown in 

Figure 3. 

This process is used for highly concentrated H2S streams 

to reduce the load on the catalytic conversion steps both from 

a kinetic as well as a thermochemical point of view. In 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. 



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. In 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. 



Converter temperatures become difficult to sustain without 

some form of auxilliary heat with a decrease in either the 

acid gas feed rate or H2S content. With a decrease in feed 

rate, heat losses become more significant. In the case of 

reduced H2S 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 than 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 capital 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 + SO2 + 3S + 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 90% 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. For any given 

feed composition, the air to acid gas ratio that will yield 

an H2S to SO2 ratio in the tail gas of 2.0 must be maintained 

for optimum 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 H2S to SO2 

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 

air. The loss in recovery is greater for a given percent 

deficiency when compared with the same percent excess. This 

can be shown by studying the stoichiometry and the equilibrium 

of the reactions involved. The overall reaction to produce 

sulfur from hydrogen sulfide is: 

2H2S + 02 4- -+ 2S + 21120 (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 SO2 by the reaction 

S + 0 SO 2 .÷ 4-  SO2 (R2-7) 



Looking at the stoichiometry of the two reactions 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 deficiency or excess of air will set an upper stoi-

chiometric limit on the conversion possible. The difference 

between this upper limit and 100% will be twice as great for a 

deficiency. For example, the upper limit for a 10% 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: 

2H2S + SO2 * 3/2 S2 + 2H20 (R2-8) 

The equilibrium expression for this reaction is represented by 

(S2) 2(H20)2 
K -  

(H2S)2  (S02) 

(E2 -1) 

From this expression, it can be seen that a higher than normal 

H2S concentration (deficiency of air) will have a greater 

effect on driving the reaction to the right than a higher than 

normal SO2 concentration (excess of air). This is because the 

H2S concentration is raised to the second power in the equil-

ibrium expression while the SO2 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 



stoichiometric limit is lower than that for 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 100% H2S 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 H2S in furnace exit gas to 

elemental sulfur. In Figure 7, the conversion is shown as a 

function of catalyst temperature. The solid and dotted lines 

represent furnace feed gas with no methane and 4% methane 

respectively. For the case of 0% 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. For the case of 4% 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 primary reaction. Above 320°C, 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. 



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 (S.T.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 

profile in a catalytic 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. 

The sharp change in slope of the profile indicates the termina-

tion of the primary reaction. For the case of the temperature 



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 sulfur 

is removed. Sulfur removal can be followed by observing the 

catalyst bed temperature rise. Some sulfur is always present 

inside an operating 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 S2. Below 1200°K 

and above 300°K, a complicated equilibrium exists between S2, 

S6, and S8 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 S6 and S8 and that the 

observed vapor densities can be explained by a stepwise dis-

sociation of the type S8 S6 S2. Their work seems to rule 

out the presence of S4, 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 S2 is so low that it can be neglected, and therefore, the 

only equilibrium to be considered is: 

3S8 * 4S6 (R3-1) 

-23- 



The equilibrium expression for this reaction is 

K
1 
= (S

6
)4/(S8)3 

(E3 -1) 

This system is conditioned by the equations 

PT = P6 P8 (E3-2) 

PT V = mRT/M32 (E3-3) 

where p6 = partial pressure of S6 

p8 = partial pressure of S8 

PT = total system pressure 

V = system volume 

m = system mass 

M = atoms per molecule 

R = gas law constant 

T = absolute temperature 

Values of p6 and p8 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 K1 at 573°K and 623°K, the standard heat of re-

action, All°, was calculated using the van't Hoff equation shown 

below. 

tn K1(T1)/K1(T2) = -AH°/R 1/T1 - 1/T2 (E3-4) 



By assuming the heat of reaction, All°, is constant, K1 values 

at higher temperatures were calculated. 

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

reactions 

S6 2.- 3S2 

S8 4S2 

and their equilibrium expressions 

K3 = (S2)3/S6 

K2 = (S2)4/S8 

(R3-2) 

(R3-3) 

(E3 -5) 

(E3 -6) 

were considered in addition to reaction R3-1. With S2 present, 

the system is described by the following three equations: 

P2 P6 P8 = PT (E3 -7) 

MPT = 8P8 6P6 2P2 (E3 -8) 

K1 = (S6)4/(S8)3 (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 S2, S6, and S8 have been developed 



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, reported higher molecular 

weights, but their work was interrupted by World War II and 

never completed. Although Braune and Nevelling reported the 

existence of S4 in addition to S2, S6, 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 S8 * 4S2. Since the specific heat 

of S8 is unknown and there is no satisfactory method available 

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

equations 

4414 = AH0  + AaT + Ab/2 T2 + AC/3 T2 (E3-10) 

AF°T = AHo  - IT Ab/2 T2 - AC/6 T3 

AaTtnT (E3-11) 

the following two equations are obtained: 

AH°T = AHo  + 6T 
(E3-12) 

AF°T = AHo  - 13.8T log T + IT 
(E3-13) 

where T = temperature, °K 

AH°  = standard heat of reaction at temperature T, cal 

AFT = standard free energy change at temperature T, cal 

Since AFT = -RTtnK, equation E3-13 was written in the form 

= -RtnK + 13.8T log T = AHO/T + I (E3-14) 

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

to a straight line with a slope that yielded a value of AH0= 

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 AHo/T from E. 

The final equations are: 



AH° = 95,200 + 6T (E3-15) 

AFT = 95,200 - 13.8 log T - 62.28T (E3-16) 

AH298.1 = 96,990 cal (E3-17) 

AF298.1 = 64,670 cal (E3-18) 

AF; for the reaction 3S8 f  4S6. Since the specific 

heat of S6 and S8 are unknown, a value of AC =2 was assumed 

for this reaction. Based on this assumption, the equations 

for AliT ° and AF°T take the forms 

AH°  = o + 2T (E3-19) 

AFT = o - 4.6T log T + IT (E3-20) 

Using the same procedure as that used for the reaction S8 

4S2, the following equations were obtained: 

AH°T = 29,250 + 2T (E3-21) 

AF°T = 29,250 - 4.6T log T - 27.81T (E3-22) 

AH298.1 = 29,850 cal (E3-23) 

AF298.1 = 17,570 cal (E3-24) 

All for the reaction S6 z_ 3S2. The following express-

ions for AHT and AFT were obtained by combining equations 

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



oxT = 64,090 + 4T (E3-25) 

All = 64,090 - 9.2T log - 44.26T (E3-26) 

298.1 = 65,280 cal (E3-27) 

AF298.1 = 44,110 cal (E3-28) 

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

of Preuner and Schupp below 873°K. 



CHAPTER 4 

COMPUTATIONAL AND ASSOCIATED BOUNDS  

The exact mechanism for the selective oxidation of 

hydrogen sulfide to elemental sulfur according to the overall 

reaction 

2H2S + 02 * 2H20 + S2 
(R4-1) 

is unknown. This reaction is conditioned by the equilibria 

in the vapor phase between S2, S6, and S8 represented by the 

reactions 

3S2 fS6 (R4-2) 

4S2 * S8 (R4-3) 

and occurs by a complex reaction equilibria which includes 

the following reactions: 

2H2S + 302 * 2H20 + 2S02 (R4-4) 

2H 2S + SO2 + 2H2 0 + 3/2 S2 4-   
(R4-5) 

S2 + 202 2.- 2S02 (R4-6) 

Since the thermodynamic 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. 



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-l. 

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 

2S2  + 6S6  + 8S8 
% conversion - x100 (E4-1) 

2S2 + 6S6 + 8S8 + H2S + SO2 

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 

the minimum, and the thermal region to the right. In the low 

temperature catalytic region, the presence of a catalyst is 

required for the reaction to take place and the conversion 

increases with pressure at a given temperature. In the ther-

mal region, the reaction will take place in free flame combus-

tion without the use of a catalyst and the conversion decreases 

with pressure at a given temperature. In the thermal region 

at temperatures 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 



in the two regions are due to a shift in the sulfur specie 

equilibria with temperature. With increasing temperature, 

the formation of S2 by reactions R4-1 and R4-5 increases 

while the formation of S6 and S8 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 100% 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 

in Figure 17. The intersections 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 



CHAPTER 5 

THE COMPUTER PROGRAM  

The Main Program  

This computer program, which is written in Fortran IV, 

calculates a complete heat and material balance for a "split 

feed" Claus sulfur recovery plant with hot gas bypass reheat-

ing. All calculations are based on an acid gas feed rate of 

100 lb 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 H2 lb moles/hr 
2 H2S lb moles/hr 
3 H2O lb moles/hr 
4 N2 lb moles/hr 
5 02 lb moles/hr 
6 SO2 lb moles/hr 
7 S6 lb moles/hr 
8 So lb moles/hr 
9 S2 lb moles/hr 
10 liquid sulfur lb atoms/hr 
11 total moles lb moles/hr 
12 temperature °K 
13 stream enthalpy BTU/hr 



20 

21 
16 

15 
10 

SL SL  

12 

L,/ 

R1 Cl 

COMB AIR 

WHB 

14 11 

RH1 

R1 

13 
RH2 RH3 

R3 

Fig.18. Computer Process Flow Sheet — Split Feed Claus Process 

18 

LEGEND  

B BURNER 
WHB WASTE HEAT BOILER 
M MIXER 

RH REHEATER 
R CATALYTIC REACTOR 
C CONDENSER 

SL SULFUR LIQUID 



-39- 

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 takes 

place at the theoretical flame temperature. A subroutine 

FLAME is called by the main program to calculate the theoreti-

cal flame temperature and the 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 



of the feed bypassing the burner to form the feed 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. For 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 WHE will calculate the temperature 

of the burner 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 H2S feed 

concentration approaches 100%. With the exception of the first 

reactor, each reactor in the plant is preceded by a mixer and a 

reheater and followed by a condenser. The outlet gas from the 

previous condenser and the hot bypass gas are combined in a 



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 cutlet stream taking into account the 

complex equilibria between S2, S6, and S8. 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 S2, S6, and S8. It is assumed 

that no reaction takes place between H2S and SO2 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. 



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. 

H2 + 1/2 02 -4- H2
0 (R5-1) 

H2S + 3/2 02 SO2 + H2O (R5-2) 

The total oxygen is calculated as follows: 

02[3] = 0.5 x H2[2] + 1.5 x H20[2] (E5-1) 

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 N2 and 02 

AIR[3] = 02[3] + N2[3] (E5-3) 

-42- 



The components in the burner exit stream are calculated as 

follows: 

H20[4] = H2[2] + H2S[2] + H20[2] (E5-4) 

N2[4] = N2[3] + N2[2] (E5-5) 

S02[4] = H2S[2] (E5-6) 

TOTAL MOLES[4] = H20[4] + H20[4] + N2[4] + S02[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) 

- 
AHR5-1 

x H
2
[2] - AH

R5-2 

x H2S[2] (E5 -8) 

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

F R5-1 = standard heat of reaction at 

25°C for R5-1, BTU/hr 

AHR5_2 = standard heat of reaction at 

25°C for R5-2, BTU/hr 

The function program SENTH is used to calculate the stream 

enthalpies in this expression. 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 



which bracket zero, the desired value, the message 

ADIABATIC FLAME TEMP CALC DID NOT CONVERGE 

is printed out and the subroutine is exited without completing 

the calculation. If FUNCT has not converged, WAYA selects a 

new value of temperature and FUNCT is recalculated. If 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 trials 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 desirable 

value. 

The algorithm employed is a combination of linear inter-

polation and the principle of having, each having an equal 

weight. If 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 component 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 

0 + A1X + A2X
2 +  Al/Xm + AM+1X-1 (E5 -9) 

using a nested expansion to calculate the value of Y excluding 

the last term, which is added on at the end. The X-1 term has 

been included so that the function program can be used for 

component enthalpy expressions which take this form. Sulfur 

dioxide is 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) 

AO = C(2) 

Al = C(3) 

A2 = C(4) 

AM = C(M+2) 

AM+1 = C(144.3) 

The value of Y is transferred to the main program. 

Subroutine MIXER (INi, IN2, MIX, K).  The subroutine 

calculates the composition and temperature of stream MIX 



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 S2, S6, and S8 is 

solved 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 INl 

and IN2 on a componental basis. At this point, the amounts 

S2, S6, and S8 have 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) 

+ AHR5-4  X AS6 + AHR5-5 X S8 (E5 -10) 

If the stream MIX contains any sulfur, the subroutine SPLIT is 

called to calculate the amounts of S2, S6, and S8 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 correspond-

ing components of stream Ni. It is used in many parts of the 

program where calculations involve two streams differing in 

only a few components. 

Subroutine REACTR (NI, CONY, 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 

adiabatic. The variables specified in using the subroutine 

are as follows: 

NI = number of the stream entering the reheater 

CONV = conversion of H2S and SO2 
converted to S2, S6, 

and S8 based on the entering SO2 



EQK1 - (w 

I 

A)2(s2)3/2 n  

(H2S)2(S02) TMOLES 

1/2 
(E5-11) 

(S2)4 

TMOLES 3 

II 
(E5 -13) EQK3 = S8  

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: 

2H2S + SO2 t 2H20 + 3/2 S2 (R5-3) 

3S2 1-4-_>.  S6 (R5-4) 

4S2 7tt.  S8 (R5-5) 

The equilibrium expressions for these reactions are: 

EQK2 =  S6  
(S2)3 

TMOLES 2 

II 
(E5 -12) 



where EQKN = equilibrium constant for reaction N at 

temperature T 

TMOLES = total moles in the reactor, lb moles/hr 

S2 = moles of S2 
in reactor, lb moles/hr 

S6 and S8 are defined similarly. 

Because the system pressure has been taken as one atmosphere, 

the total pressure term H 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 S6 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 

TMOLES and S6 equal to their initial values and T equal to the 

new value. 



58 = EQK3 
4/3  

(S6) 1  
1/3 (EQK2)4/3  (TMOLES) 

(ES-15) 

In the inner loop values of S2 and S8 are calculated 

from the estimated values of S6, TMOLES, and T using the 

following two equations: 

S2 = (S6)113(TMOLES)213 

(EQK2)1/3 
(E5 -14) 

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 S2[NO] = S2 in the reactor outlet stream, 

16 moles/hr 

Other components are similarly defined 

SF = sulfur atoms converted to S2, S6, 

and S8, lb atoms/hr 



The value of SF in this equation is calculated from the speci-

fied conversion, CONV, which is defined as 

CONV = SF  
3 x S02[IR] 

(E5 -17) 

The conversion is defined only in terms of SO2 because the hot 

gas bypass method of reheating is used, and therefore, the 

ratio of H2S/S02 in the reactor feed will always be 2.0 or 

greater. A definition in terms of H S and SO would not re-

present the true conversion in cases where the H2S and SO2 

were not present in stoichiometric amounts. The variable BAL 

is defined in terms of equation E5-16 as follows: 

BAL 1.0 - (2xS2[NO] + 6xS6[NO] + 8xS8[N0]) =  
(2xS2[NI] + 6xS6[NI] + 8xS8[NI] + SF) 

(E5 -18) 

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 is zero and the upper limit is calculated from the fol-

lowing equation: 



S6MAX (1xS2[NI] + 3xS6NI] + 4xS8NI1 + l.5xS02[NI])  
= 

3.0 
(E5 -19) 

This equation calculates the moles of S6 in the reactor 

assuming maximum conversion and that all sulfur is in the 

form of S6. 

The mole balance is checked in the middle loop by cal-

culating the variable TMCHK defined by 

TMCHK = 1.0 THOLES TMCALC (E5 -20) 

The variable TMCALC in this equation is defined as 

TMCALC = NT[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, lb 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 equation: 

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

- 5/16xH2S[NI] (E5-22) 



(H2S[N0]) 2(S02[NO] TMOLES1/2 EQK1 

EQN2 = 1.0-(WA[N0])
2
(S2[N0])

3/2 
(E5 -27) 

which assumes that all the S2 
and S

6 
in the reactor feed stream 

and all the sulfur that is converted in the reactor takes the 

form of S8. 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 S8 and S6 in the feed and all the 

sulfur converted take the form of S2. 

In the outer loop, individual component values are cal-

culated and tested for compliance with the equilibrium expres-

sion E5-ll 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) 

S02[NO] = S02[NI] - SF/3 (E5-26) 

The variable EQN2, defined by 

is calculated and tested for convergence by the function pro-

gram WAYA. If the upper 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 



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 is calculated from the equation 

S2 + S6 + S8  p
s TMOLES 

(E5 -28) 

and the vapor pressure is calculated by the function program 

VP. If the reaction temperature is below the dew point, the 

specified conversion is decreased by 0.01 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 

SO2A + AH X AS6 + AHR5-5  X AS8 (E5-29) R5-4  



where AS02 = the change in flow of SO2 across the 

reactor, lb moles/hr 

AS6, AS8 are defined similarly 

AH-3 = standard heat of reaction at 25°C for R5 

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 AHR5_3 is 

shown in the APPENDIX, while AHR5_4 and AHR5_5 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 S2, S6, and S8 be-

fore calculating AS6 and AS8 in the expression above. In 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 

out 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- 



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 - AHR5_5 X AS8 (E5-30) 

where 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 equilibrium constant for reaction number NO at temperature 

T. The three reactions provided for and their respective re-

action numbers are listed below: 



NO = 1 2H2S + SO2 ÷ 2H2 0 + 3/2 S2 (R5-6) ÷  

NO = 2 352 56 2 S  -t- -6 (R5-7) 

NO = 3 4S2 * S8 (R5-8) 

The equilibrium constant is calculated with the following 

equation: 
FREE 

EQK = e RT (E5 -31) 

where FREE = the standard free energy change at 

temperature T, cal/g mole 

T = temperature, °K 

R = 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: 

FREE = Cl + C2T + C3T
2 + C4T

3 + C5/2T 

+ C6TtnT (E5 -32) 

where T = temperature, °K 

C1, C2, C3, C4, C5, 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 



the function program. Equation E5-32 and the source of the 

constants for each of the three reactions are discussed in 

the APPENDIX. 

Subroutine VUB (QOUT). This subroutine calculates the 

cooling load, QOUT, of the waste heat boiler in BTU per hour. 

The pooling 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 H2S 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 calculated 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, is 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 therefore a 

cooler is 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 



the subroutine are defined as follows: 

TCOND = condenser outlet temperature, °F 

IV = stream number - inlet gas 

LV = stream number - outlet gas 

LL = stream number - liquid sulfur 

HEAT = condenser cooling load, BTU/hr 

I = condenser number 

The outlet temperature, TCOND, which is read in as part of 

the input 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-

pared with the freezing point of sulfur and if it is below, 

the error message 
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TEMP IS TOO LOW, SULFUR FREEZES AT 392°K 



is printed out and the outlet temperature is 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 S2, 

S6' and S8 in the outlet gas stream are determined in an iter-

ative loop and the flow rate of liquid sulfur is calculated 

by difference. The total moles of S2, S6, and S
8 

in the out-

let gas stream is calculated from the following equation: 

VP X(NT[IV] - S268) 
TOTSP = 

1-VP 
(E5-34) 

where TOTSP = total moles of S2, S6, and S8 in the 

outlet gas, lb moles/hr 

VP = vapor pressure of sulfur at TCOND, atm 

S268 = total moles of S2, S6, and S8 in inlet 

gas stream, lb moles/hr 

NT[IV] = total moles in inlet stream, lb moles/hr 

The combined vapor pressure of S2, S6, and S8 is calculated by 

the function program VP. The total moles in stream LV is then 

calculated by difference using the following equation: 

NT[LV] = NT[IV] - S268 + TOTSP (E5 -35) 

The moles of S
6 

are estimated by the function program WAYA and 

then used to calculate the moles of S2 and S8 from the follow-

ing two equations: 



S2 = (S6/EQK2)1/3  X NT2/3[LV] (E5-36) 

S8 = EQK3 X (S6/EQK2)4/3/NT1/3[LV] (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 

DIFF = 1.0 
(S8(IN) + S6[LV] + S2[LV])  

TOTSP 
(E5 -38) 

and then using the function program WAYA to test for conver-

gence. The upper and lower limits of S6 specified for use 

with WAYA are the value of TOTSP and zero respectively. If 

the upper and lower limits of S6 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 S6 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) (E5-39) 

S6CD = S6[IV] - S6[LV] (E5-40) 

S8CD = S8[IV] S8[LV] (E5-41) 

where S2CD = moles of S2 condensed, lb moles/hr 

S6CD = moles of S6 condensed, lb moles/hr 

S8CD = moles of S8 condensed, lb moles/hr 

Since liquid sulfur exists in several allotropic forms and the 

thermodynamic data is usually given in terms of atoms, the 

amount of liquid sulfur is calculated and varried through the 

program 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, lb atoms/hr 

The condenser heat load is calculated from the following 

equation: 

HEAT = HVAP(S2CD + S6CD + S8CD) 

+ SENTH[IV] + SENTH[LV] (E5-43) 

where HEAT = condenser cooling load, BTU/hr 

HVAP = latent heat of vaporization of sulfur, 

BTU/lb mole 

SENTH[IV] = enthalpy of inlet gas stream, BTU/hr 

SENTH[LV] = enthalpy of inlet gas stream at the 

condenser exit temperature, BTU/hr 
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The latent heat of vaporization is calculated from the follow-

ing equation: 

HVAP = 1.987(2.3)(4940-4.08x10-3T2)(1.8) (E5-44) 

where T = temperature in °K 

-HVAP = latent heat of vaporization, BTU/lb mole 

This equation is derived from the expression for the vapor 

pressure of sulfur and the Clausius Clapeyron equation. These 

equations are shown below. 

tn VP = 2.3(-4940.0/T-.00408T + 9.811) (E5-45) 

where VP = vapor pressure of sulfur, atm 

T = temperature, °K 

dknVP AH VAP 

dT RT2 
(E5 -46) 

where R = 1.987 g cal/g mole, °K 

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 

dtnP/dT obtained by differentiating equation E5-45 with re- 



spect to temperature into equation E5-46 and solving for 

AH-vAP' AllVAP is 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 (S2 + S6 + S8) using the 

following equation: 

/71, = 10(-4940.0/T-.00408T+9.811) (E5 -48) 

where VP = vapor pressure of sulfur (S2+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[N0])  =  
NT[NO] X VP 

(E5 -49) 



NTEN01 = total moles in stream NO, lb moles/Rn 

and then using the function program WAYA to check for conver-

gence. The amounts of S2, S6' and S8 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. If 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 exited without 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 

composition 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 S2, 

S6, and S8. The variables specified when using the subroutine 



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 

reactor subroutine REACTR, but is not as complex because the 

final temperature is known. The calculation therefore only 

requires two interative calculation procedures. In the inner 

loop, the moles of S6 is estimated by the function program 

WAYA and then this value is used along with the value of total 

moles estimated in the outer loop to calculate the moles of 

S2 and S8 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 

BAL = 1.0 
(2 X S2[N2] + 6 X S6[N2] + 8 X S8[N2])  

2 X S2MAX 
(E5 -50) 

and where 

S2MAX = S2[N1] + 3 X S6[N1] + 4 X S8[N1] (E5-51) 

and then using WAYA to test BAL for convergence. The upper 

and lower limits of S6 specified for use with WAYA are S2MAX/ 

3.0 and zero respectively. If the limits do not yield values 



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 is exited without completing 

the calculation. If BAL has not converged, WAYA selects a 

new value of S6 
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 = N
T
[Ni] - S2[N1] - S6[N1] - S8[N1] 

+ S2[N2] + S6[N2] + S8[N2] (E5-52) 

where N [N1] = total moles in stream N1, lb 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 TMOLESTMCALC (E5 -53) 

and then testing for convergence with WAYA. The lower limit 

of TMOLES, TMMIN, is calculated from the following equation: 

TMMIN = [N1] - .75 X S2[N1] - .25 X S6[N1] (E5-54) 

This equation is based on the assumption that all the S2 and 

S6 in stream N1 is converted to S8. The upper limit, TMMAX, 

is calculated by assuming all the S6 and S8 in stream N1 is 
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converted to S2. The following equation is used to calculate 

TMMAX: 
TNMAX = NT[N1] + 3 X S8[N1] + 2 X S6[Ni] 

(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 Ni 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 S2, S6, and S8 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 stream enthalpies are calculated by the subroutine, except 

for those of liquid sulfur streams, which are calculated by 

the condenser subroutine COND. 



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 

2112S + SO2 +. 3/2 S2 
+ 2H20 

(R6-1) 

3S2 z S6 (R6-2) 

4S2 * S8 (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%. 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 



TABLE 2 

FREE ENERGY CHANGES IN CALORIES PER GRAM MOLE 

TEMP. oK 

REACTION 400 600 800  900 1,000 1,100 1,200 1,600 2,000 

1 

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 

2 

Gamson 
& Elkins -36,815 -22,196 -7,310 203 7,750 15,370 23,016 53,883 85,157 
Computer 
Program -361800 -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 

3 

Gamson 
& Elkins -53,532 -31,225 -8,518 2,940 14,480 26,069 37,727 -84,784 132,45C 
Computer 
Program -53,508 31,203 -8,490 2,985 14,526 26,128 37,784 84,874 132,57C 

% Diff. 0.0448 0.0703 0.329 1.53 0.318 0.226 0.151 0.106 0.0907 



TABLE 3 

EQUILIBRIUM CONSTANTS = K 

TEMP. °K 

REACTION 400 600 800 900 1,000 1,100 1,200 1,600 2,000 

1 

Gamson 
& Elkins 6.84x10-4 8.37x10-2 1.06 2.38 4.53 7.69 1.20x10

1 
3.84x101 7.31x10

1 

Computer 
Program 6.93x10-4 9.28x10-2 1.07 2.41 4.60 7.76 1.20x101 3.80x101 7.35x101 

% Diff. 1.32 10.8 0.944 1.26 1.54 0.91 0.0 1.04 0.548 

2 

Gamson 
& Elkins 20 1.30x10 1.21x108 9.93x101 8.93x10-  1 2.03x10-2 8.83x10-4 - 6.44x10 5 
Computer 
Program 1.28x1020 1.20x108 9.82x101 8.78x10-1 1.97x10-2 8.67x10-4 6.32x10-5 -8 4.28x10 10- 4.84x10 

% Diff. 1.54 0.827 1.11 1.68 2.96 1.81 1.86 
- 

3 

Gamson 
& Elkins 1.76x1029 2.36x10

11 
2.12x102 1.93x10

-1 
6.92x10-4 6.45x10-6 1.38x10-7  

Computer 
Program 

29 
1.73x10 2.32x1011 2.09x102 1.88x10-1 6.68x10-4 6.43x10-6 7 1.31x10 -12 2.54x10 -15 3.25x10 

% Diff. 1.71 1.69 1.42 2.60 3.47 0.310 5.07 - 
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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 100% H2S feed, the ten test problems were for 100% H2S 

feed. Except for the specified conversion in the catalytic 

reactor, the input data for all ten test problems was the 

same. The following input data was used for the test problems: 

NO. OF REACTORS = 1 

FEED COMPOSITION LB MOLES/HR 

H2S 0.0 
H2S 100.0 
H2O 0.0 
N2 0.0 

FEED TEMPERATURE = 98°F 

COMBUSTION AIR TEMPERATURE = 98°F 

CONDENSER 1 EXIT TEMPERATURE = 300°F 

CONVERSION IN REACTOR 1 = VARIABLE 

BYPASS GAS SPLIT 1 = 1.0 
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A summary of the results of these test problems 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 sulfur 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-

ment of the subroutine. It should also be pointed out 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 

CONVERSION .528 .55 0.590 .650 .70 .750 .80 .868 .90 
(Dew Point) 

.92 

WHB Q, 
BTU/HR -5.101x106 -5.39x106 -5.76x106 -6.189x106 -6.478x106 -6.736x106 -6.987x106 -7.22x106 -7.22x106 -7.22x106 

TEMP. OF 
SO2 GAS TO 
MIXER 1, °K 941.02 867.6 769.9 657.9 579.9 509.1 439.2 373.0 373.0 373.0 

REHEATER 1 
Q, BTU/HR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1.14x105 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 
INLET TEMP. 
°K 803.86 746.2 669.6 581.9 520.8 465.3 410.7 333.29 

DID NOT 
CONVERGE 

SET=298.0 

DID NOT 
CONVERGE 

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 
1 Q, BTU/Ha -2.53x106 -2.349x106 -2.12x106 -1.88x106 -1.723x106 -1.582x106 -1.445x106 -1.24x106 -1.126x106 -1.041x106 

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 



TABLES 

CONVERSION VERSUS TEMP. FOR 100% H2
S FEED 

TEMP., °K 

% DIFF. CONY. COMPUTER 
PROGRAM 

GAMSON & 
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 
(Dew 
Point) 

555.4 553 0.433 
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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 H2S 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. 



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 performed 

in the subroutine COND should be modified so that the 

enthalpy is calculated relative to rhomic sulfur at 



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 each 

flow scheme. A new input variable in the form of an 

integer 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 

subroutine would have to be modified so that a differ-

ent set of temperature limits is used for each type of 



conversion. The non-catalytic reactor could also be 

programmed 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 



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 available. 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, CO2, COS, CH4, and C2H6. 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 material 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 boiler 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. 



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 treatment such as an inciner-

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 

air 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. 



8. Modify the program so that the burner air to H2S 

gas ratio is a variable specified in the input data. 

This would provide a means of studying the effect of 

this ratio 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 air 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 the 

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 under-

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 



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 = Ao  + A1T + A2T2 + A3T3 + A4T-1 (E-1) 

The expression is obtained by integrating the general express-

ion for component heat capacity: 

C = a + bT + CT2 + dT-2 (E-2) 

SO2 is the only component considered with a T-2 term in this 

expression. Integrating between 298.16°K and T yields 

T 

1  
H = 

CP 2 3 
dT = a(T-298.16) + 11(T2-298.162) 4-fl(T3-298.163) 

298.16°K 

- d(T 1-298.16-1) (E-3) 



This equation can then be further simplified to yield equation 

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

Ao = the sum of the constant terms 

Al = a 

A2 = b/2 

A3 = C/3 

A4 = -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. 

S2(g): H = -2350.21 + 7.75T + 0.444 X 10-3T2 (E-4) 

S6(g): H = -5857.99 + 19.95T + 1.332 X 10-3T2 (E-5) 

S (g). H = -7611.88 + 25.0T + 1.776 X 10-3T2 8 • (E-6) 

S02(g): H = -4147.74 + 1.14 X 101T (E-7) 

+ 7.07 X 10-4T2 + 2.045 X 105T-1 

H2S(g): H = -2279.37 + 7.15T + 1.66 X 103T2 (E-8) 

H20(g): H = -2268.1 + 7.256T + 1.149 X 10-3T2 (E-9) 

+ 0.0943 X 106T3 

H (g): H = -2066.67 + 6.947T - 0.1 X 10-3T2 (E -10) 

+ 0.1603 X 10-6T3 



02(g): H = -1962.8 + 6.148T + 1.551 X 10-3T2 (E-11) 

- 0.3087 X 10-6T3 

N2(g): H = -2000.7 + 6.524T + 0.625 X 10
-3T2 (E-12) 

- 0.000333 X 10-6T3 

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: 

[ABREACTION = Alif (PRODUCTS) (REACTANTS) 125
°C (E-13) 

where AHf = standard heat of formation at 25°C 

and 1 atm 

The calculation for each of the reactions considered in the 

computer program are shown below. 

• 3 H2S + 02  F SO2 + H2O (R-1) 

AHf 25°C for H2O = -57,798 calories 

AH°f 25°C for SO2 
= -70,940 calories 

AH; 25°C 
 for H2S = -4,800 calories 

Alef 25°C  for S2 = 31,020 calories 

AH25°C = (-70,940 -57,798) - (-4,800) = -123,938 calories 



2H2S + SO2 -4- ÷ 2H2 2 0 + S2 (R-2) 

3 L1H25°C 2 = 2(-57,798) + —(31,020) - 2(-4,800) 

- (-70,940) 

AR° = + 11,474 calories 
25°C 

3S2 f S6 (R-3) 

ARf 25°C for S6 = 27,780 calories 

aH25°C = 27,780 - 3(31,020) = -65,280 cal/g mole 

4S 2 S8 (R-4) 

f 25°C for S8 = 27,090 calories 

AH25°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: 

AF°T = C1 + C2T + C3T2 + C4T3 (E -14) 

+ C
5  + C6MIT 

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

and AST which are developed below into the equation 

AFT = All°  - TAS° (E -15) 

where AH° = standard 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 + bT + CT
2 
+ dT

-2 
p 

(E -16) 

the following analytical expression for the standard heat of 

reaction as a function of temperature can be developed: 

AH°  = AH298.16°K I(n I C dT) - IC dT - I(n I C dT) (E -17) 

PRO-
DUCTS 298.16°K 

REACTANTS 
298.16°K 

= AH + 
298.l6°K AC dT (E-18) 

298.16°K 

where AC = Aa + AbT + ACT2 + AdT
-2 

and Aa = Ina - Ina 

PRODUCTS REACTANTS 

Ab, AC, and Ad are similarly defined. 



Equation E-17 then becomes 

AH = AH298.16 ° + (Aa + AbT + ACT
2 + AdT

-2
)dT (E-19)  

298.16°K 

= AH298.16 ° + 
Ab (E-20)  Aa(T-298.16) + T(T2 -298.16

2
) 

AC -1 
+---(T3 -298.163) Ad(T 

1
-298.16 ) 

3 

Summing all the constant terms and designating the total Allo, 

the resulting expression is 

Ab AC  
AH° = AHo 

+ AaT + —T2 + —T3 - AdT 
1 

2 3 (E -21) 

AHo 
can be calculated from a known value of the standard heat 

of reaction at a singe temperature. The equation for AS,I, is 

derived by integrating the expression for dS at constant 

pressure 
C dT 

dS P (E -22) 

between absolute zero and T to yield 

AS° = T 

TAC PdT T (Aa + AbT + ACT
2 
+ AdT-2)dT 

(E -23) T 
1 

T 

0 0 

= I
s 

+ AaStaT AC AdT
-2 
 + AbT + --T2 (E -24) 2 2 
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The integration constant Is can be determined from a known 

value of AST. Substituting into equation E-15 for tH°  and 

AST and combining terms gives the following expression for 

AF°: 

AbT2 ACT Ad Ad 
AF°  = AH - IT - TtaknT (E-25) T o 2 6 2T 

where I = Aa - Is 

Simplifying this expression by substituting a new set of con-

stants yields equation E-14. The expressions for AFT for 

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

2H20 + SO2 -4- ÷ 2H22 0 + —3 S2 

AFT = 12119.0 - 12.999T + 1.063 X 10-3T2 

- 9.433 X 10
-8T3 2.045 X 10+5  

2T 

- 4.37 X 10 172.,nT 

(E -26) 

This expression was calculated as follows: 

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

Ab = _3(0.888) X 10-3 + 2(2.298) X 10-3 - 2(3.32) X 10-3 2 

- 1.414 X 10-3 - 2.126 X 10-3 

6 AC = -i(o) + 2(0.283) X 10-6 - 2(o) - 1(o) = 0.566 X 10 



X (298.16) 
3 

2 .566 X 10
6 
 X (298.16)

3 

Ad = (-2.045) X 10-5 = + 2.045 X 10
5 

AHo  = All298.16 
La X 298.16 - 2

b
-(298.16)

2 

QC 
(298.16)3  -T(298.16)3 Ad  + 298.16 

AH
o 
= 11474.0 - 0.437 X 298.16 + 1.063 X 10

3 

204500  
= 12119.0 

298.16 

AF-AH 
T o AbT ACT

2 
 Ad 

I = + + -t- — Lax,ni 
T 2 6 

2T
2 

at 298.16°K i = 7250.0-12119.01.063 X 10-3 X 298.16 
298.16 

+ 0.566 X 10
-6  X (298.16)

2 
 + 204500.0  

6 (2)(298.16)
2 

+ 0.437 kn 298.16 = -12.999 

Substituting into equation E-25 yields equation E-26 

above. 

3S  
2 S6 

AFT = - 64090.0 + 44.26T + 4.011nT 

4S S 
2 4- 8 

AFT = - 95200.0 + 68.28T + 6.0MT 

(E -27) 

(E -28) 



The last two expressions for LP; 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 PROPERTIES 

Constants a, b, c, and d are for specific heat in the form C P=a+bT+cT
2-1-dT 2 

where T is in °K and CP in cal/g mole, °K 

AH°f f 298 and AF° 298 
 are in units of cal/g mole 

Numbers in parenthesis refer to references 

COMPONENT S2(g) S6(g) S8(g) S02(g) H2S(g) SA(Q) H20(g) H2(g) 02(g) N2(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 

C X 106 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 f 298°K 31,020 
(8) 

27,780 
(8) 

27,090 
(8) 

-70,940 
(8) 

-4,800 
(8) 

257 
(8) 

-57,798 
(16) 0 0 0 

AF° f 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) 
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SUCPLT 
2 COP,MON//ST(13,21) 
3 CfriM0h/ 14VOT/CCIEF(60) 

COWNSER 
5 C SP(I)=FRiC1Ii)N CIF AURNER pUTLET GAS TO REACTOR.  I 
6 C COW(I)cCONVERSION OF P2S TO 52,56pOR S8 IN REACT9R I 

AnnEn TO HEATEp-rolLER 
8 C '1C(I):::;EAT ADDED .1 1 1 CONDrSER IA;.!TU/HR 
9 C TWJE AkE7 0.G0vPrylEr1TS IP A STRIAM.1=t12,2=H2Ss3=P7014=N205=r2, 

10 C 6.Fs02,,74, 8.7S8,99.$2019.=Lir4uip_siltFUR.,11-170TAI. moLES.p.12.=TErP,13=..._ 
11 C ST :EA 1 E1JPALPY 
12 cT(3),sp(3),c0,-;v(3),H(3),HC(3) 

SET CC:1PPNT,TS Ur ALL STE0ii=o 
14 4_ CONTIF 
15 R.TTE ((,,2o0) 
16_ggq.___FORMAT _ _ 
17 *Lin 5 1=1,23 
18 DU 5 J=1/ 13 
19 5 STRN(J,I)=0 :30_ 
2Q C PEAD I1- i)ATA 
21 C 5TI'EAM 1=FFEJ STREAMASTRFAV 2=BONER Fr E0 GAS,STPrAM 3=LIURNER AIR 
22 __.EAD.(5,1/ED=2) My(STRM(J;1).14=1.2.0ASIRM(.124.1),STRM(12/3),ACTAI)._____ 
23 4-150(I)/C:..Nv(1),I=1JM) 
24 1 FORMA7(I1/(F10'.3)) 
25 C WRITE ftrUl DATA 
-26 -1RITE (6,7)h, (STR1(Js 1 );Jr1,4)iST0.4112,1 STRM(12; 3 ), ( NcT(1 ), 

27 +mv(1).,sp(I),I=1,'.1) 
26 7 FORMAT( )., 1  ' T7, VW,IT 

+1'1A 1  IT7, 1 1.!3 HOLvsik0T1) ,  IT20412 , • 
30 +1-9,E6,2/11,1 IT2, 1 112SIT9,17 6.2/T1yi 1 1.2.1 1 H20 1 19,F6.2/71$ 1 112 
31 4-AINatjc/sF6.2/T1/ 1 0sTWTYPs'lEGREES FI/T1.1 1 .  'T2sIEEEDI T911.F6.2/ 
32 4.11, 11T2AliARIT9,F('.2//TIA° IT2AIREACTIA'T12, 1 CON7): TEMP.,F' 
33 1-T28, ,Cnk,vEsljNIT41,18YPASS GAS SPLIT'/(T1,' I158/1,T16,F6.2,T29, 
34_ 4+6,1,T46,F,,,2)) 
35 C COmVEKT FEFO GAS TEMP fitOci EHRErHEIT TO KELVIN 
36 STRN(12,1)=(STRM(12/1)+46040)/1.6 

37 C TUT4,..OLES .STREtw 
-18 - STRP;1(11,1)=100,0 
39 C SET sTpEf'.h 1=1/344STREAm IASTREAM 5=2/3*STREAm 1 
60 Do 5.6 I=Ii4 . . 
41 STRN(1,2)=STP.M(I11)/3.0 
42 50 STPM(1/5)=sTIZM(I,2)42.0 
43 STPM(11,5)=200.0/3.0 
44 STRM-(1i,fl=1G0.0/3.0 
45 STRV(12/)=STRN(12A1) 
kh STRMII2Anz.STRM(12,1) • 
47 C CALCUUTF bD1ARATIC FLAMF T-E9P OE STREAM 4 
48 CALL FLAE(FLTP) 
49 WRITE(6,40)FLTP 
50 74-6-YEORMAT(/' FLAME TUiP,DEGrFLS Km .F7.2) 
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51.  c....____5ET_TEP_OFHOT . ANTAs5 GAS . EACH_REACJUR___ 
52 STRN(12,6)=373.0 
53 STRM(12,121=FLTP 

STRm(12,16)=FLTy___ _  
55 CO. 66 1=1,;1 
56 Km6+(1-1)*6 
57 • 00 69 J=1,11 
58 C CALCULATr RA FETInN- OF -80c50i-OUTI:ET -6AS tri—lifAiTik:ConLE4 
59 69 STp.M(J,K)=,;TRM(J,4)*sp(1) 
60 C i!ly, STREAM!, K&K-1 
61 CALL mIXEA(K-1,K,R+1AI) 
62 C CALCOLATF. HEAT An HAT'L gALfiNCE AROUND REACTOR I USING SPECIFIED 
63 C COHVERSLH 
64 CALL RrAcTR(K+1,CUrV(I),K+3,K+2,H(I),I) 
65 C IS THIS tHcr. 'ARV' REACIoR ? 
66 • 1F(1-1)61,,62,66 
67C. ----YES-ACALCuLATE HEAT REMOVE!) It; WASTE HEAT !OILER 
68 62 CALL WH11(klnUT) 
69 ';'RITE(6,f)5) QOUT 
70.---65-FORmAT(1 Q.,,ETU/HR= 1,E2u,5) 
71 C CALCLILATE t,EAT AHD MAT'L PALANCE ARoUND CONOENSEP 
72 . 66 COc.T(I),K+3,K+5,K+4,1:4CCj1,1)_ 

I 

74 67 FORMAT(I HEATER-COOLER IsT1,1 Q.o,tTO/HR= 1,E20.5/1 cr.INDENSER 1.01, 
75 +1 0,aTo/AR1,E20,5)_ 
.76  U=23+0-3/i6 
77 C PRINT u1.1T ALL STREAMS v4T1i 3 STREAMS OH A PAGE 
78 Km' 
79 Do 70 1=1,'- 
80  IF(I-K)70,21,21 
R1 21 K=K+3 

83 22 FORNAT( 1 1 1 ) 
P4 70 CALL PRI:TM 
85 GO Ti] 4 
86 2 STOP 
87 END 
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.51PRnUTr;E_FLAME(TADO.F) 
2 C SUPRO0TI; F CALCULATES THF AOTABATIC FLAME TEMP OF STREAM 4 
3 COhMON//STRN(131231 
4  _COmMQN/oFDT/COEF (60) _ _ . _ _ ..... _ 
5 C THERE ARE; 13 COMPw.T4TS in A-HSTREAm•1=H2,2=H2SA3=20,4=142,51:02, 
6 C 6=S02,7=S6JP=S8,9=S2210=CIQUID SuLFUR,11=TUTAL MOCES,12=TEMP,13= 
7 C .5TRETHALPY 
8 C SET LOwEP LIMIT OF FLAME TFM1:373,0 
9 srkt4(12,4)=373.0 

11 C CONVEkT Altz TEMP FRm1 FAI,r;FNNEIT TO KELVIN 
12 STRM(12,3)=(STRM(12,3)+46p,0)/1ot 

_CALCMVU.TPTAL.,TLEs (31.rxyGEN 
14 STRM(513i=.5*ST104(1/2)+1.!'.*STKm(7,2) 
15 C CALCULATL 10TALTOLES OF !:2 REQUIRED 
14_ ...51- Y(Ae.P.r.:.71.,21#5TVq5.13) 
17 C -CALCULATE TOTAL MULES OF &IR 
18 STRM(11,3)=STRM(5,3)+STR(4,3) 
19 C CALCA  MOLES pF H2O 11 STRFAM 4 
20 -STRM(3p4)=5TRH(3$2)+STRM(2,2)+STRM(1,2) 
21 C CALC, milLEs OF N2 IN STREAM 4 
22 STKM(4,4)=STRM(4/2)+STRm(4,3) 
13-e- CALC. LES OF $1.12 It STREAM 4 
24 STRM(6,4)=STRM(2.02) 
25 STRM(11/4)=STRM(3,4)+STRI.(4/4)+TR!1(6.?0____ 
26 C -FUNtT=t0TAC CHANGE: ENT!!4pY 
27 7 FUrCT=SETti(2)+SENTH(3)-SENTA(4)+57798,0*1,8*STRM(1,2)+123936,0* 
28 4.1,(!*STF,M222) 
29 C TEST FF:R Cc1rVERGENCE USIcx, FuNCTTON WAVA 
30 IF(WAYA(MXT,O.:).$1.0/STFm(12,4),T8IGA1))7.18,9 
31 9 wRITE(6,100)  
32 100 FORMAT(////10X.OADIAPATIC FLAME TEMP CALC DID NOT CUNVERGE1////) 
33 TADBF=2114'.47 
34 WO1JRN 
35 ----TITAOEF=STr;.m(12,4) 
36 RETURN 
37 ENO 
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i SLVIPOUT I E kEACTRINI p.C.PNV.. NO, 1 RviE AT, I. / . . _...... . _.__ 
2 C SMOUTI:.E !!!'IERMrIES IF SPECIFIr0 CONVERSION MC6RS ABOVE DEW 
3 C POINTOF IT DOESUIT THE SUhR. OFTERMINFS TUE MAX tMNVERSION 
4 C wIrEIN.,c1 A!.!IcH SATISUIFS TilE DEW POINT CRITERIA.A HEAT AND  11.4.TIL.... 
5 C 1;ALViCE AR.Ur!D THE RFACTist ARE ThEN CALCULATED 

.6 C THERE A'AE 13 COMPONENTS To A STR1-4h.1=H2,2=H2Sp3=H204,4=N?A5=112, 
7 C 6=SO2,7=F:613=Sap9=S2,1011L !QUID SoLELN?“51T9TAL mOLES,12nTExP$13= 

-.13. c sTRLAHc-TALpt 
9 C CuNV=CfEFSJON OF H2S A!.J.; So? Tr SULFUR USED ON ENTERING SO2 
10 C NO=REACT!!1= tt;TLET STAEAM 
11 C I RSF'J FNTERVIG REACTc!P 
12 C NI=STREA ENTERING HEATEP-COLER 
13 C I:REACT.J1,  t-0. 
14 C HEAT=Hi'AT AWIED IN HEAlEr-COOLFR;BTU/HP 
15 C S2LIM=MAX VALUE JF MILLS Or S2 IN REACTOR AT EQUILIBIAUM 
16 C .TMNAX=t,AX 'TOTAL VOLES ..  
17 C TmMIN:Nifi TOTAL VOLE",  
18 C SF=ATOMS Ur SULFUR CONVENED TO SZ/S6AOR SP, 
19 C Tr.TEMP I;. KFACT0P 
20- C - TOOLES - =MIAL MORES' 
21 COMM0N//STK(13,23) 
22 COMMON/HFDT/COEF(6:) _ .. _ _ . _ . . _ . . .._._ ___ _ 
23 S2LIMIP -(SIF(YAN1)4-STRM(8,N1ig;46o+STRM(7,NI) 3.04,STik(6,Ni)*1.5) 
24 S6MAX=52LI1/3.0 
25 C CALC. MAXII:U TOTAL mrILEs . . .. _. 
26 TMMAX=STkr1(l1/NI)+.25*ST(2,N1)+STRM(7,N1)*2.0+STRM(8,N1)*3.0 
27 C CALC. il. I0,.1 TOTAL iinLEs 
28 TMMIN=SP:MC11,41)-.25*STRxt7JNI),,754,STRM(9,N1)-5./16.*STRm(2,NI/ 
29 CONVI=CWN 
30 C CALC. TOTAC Ar13N5 rF SULFUR cONVEkTED 
31 1 SF=3,0*STEh(6INI)*4CO,N 
32 C SET TEMP. EQUAL TO LJWER LIMIT 
33 : T=400,J 
34 13 TMOLES=T-Nr 
35 C SET 56E-4uAl. TO Lth!6fii:ff---- 
36 4 S6=0.0 
37 45 S2,4(s6/E'A(2,T))**C1..00*TWILCS**(21 /1A.)  
38 -- - SB=EQK(3,T)*(56/EQK(2,1)1**(4./3.)/TtiOLES**(1./3.1 
39 C CALCULATE SULFUR BALANCE 
40____ ._ 4 ALD1.0-(2;.:i*S2+6t8...05.8MSF.4722.0STIO(9ANt).1,6.05TRN(7.9.NI) ..._.L.. 
41 4-1-8.0*STKI)) 
42 C . CHECK SuLFk;k BALANCE WITr FINCTIrN WAYA 
43 IFOkAYA('AL,0.0,.001.S60s6MAxp1)145,46147 
44 C. ' IMCALC=CALCOLATE0 TOTAL ;,0LE5 
45 46 TNCALC=ST!,1(11/N1)-SF/3:0-5B-STRM(801)+S6-STRM(7;NI/+S2- 
46 4.STP(9,11) 
47 - TMCHK=1.c-Imr1LES/TICALC 
48 C CHECK mOLE gALANCE USING EUNCTIT! WAYA 
49 IP( .IAYA(TMEi-!K/0. ,),.01,TNMLES,TMAAX,2))4,49,52 ..._ 
50 49 4iA=STR10(3.“1)4-2./3.*SF 
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7 
..H2Scsrlo(.2;:4/ 

52 5o2=STR;;(6,NI)-1./3.*SF 
53 EON2=1.0-WA**2*52**1.5/ft25**2*Si12*SORT(TmOLES)*EJM.(1AT)) 

_USL.FUN.CTIO WAYA.TU SEE.. IF  tALCJLATED. YALUES_SATISFY_EQUILIBRIUM__ 
55 C CONSTANT THE MAIN RE4cTLJN 

• 56 IF(WAYA(10%2A0.0.1.005ATAi150.0,3))13,7,15 

58 SIPM(3A=i4A 
59 STR1(4,r)=STRM(4ANI) 
.60_ STPM(6,502_ 
61 STRM(7,11w.!)=S6 

• 62 STRI1(8,NU)=S ct  
63_ ST1.M(.9)=S2 
64 STRM(11,P!0)=TMOLES 
65 STRM(12,01=T 

VPAT).FYAPU PRESSLWE IN_AMS•.FOR S2,50AAND Sil_CUMBLNED___ 
67 C IS VAPJR PvESSURF > PARTIAL PRESSURE ? 

• 68 IF(VP(T)-(S2+56+$8)/TMOLES)8110,10 

7 
69 C YES.,,RfACT TEMP IS ODVF_PEq.PANT2.______

• 
______ 

70 1C STRM(12AIR)=298.-.) 
• 71 C IS THIS THi. FIRST REAC1U1' (I.E. 0 S2AS6POR S8) 

72 
73C YES 

• 74 40 L=2 
75 C SET COMP:INENTS OF STREAMS IR AND NI EQUAL 

CALL EQuAINI,IR) 
• 77 • ..:GO TO 51 

78C . MO 
- 79 --gb L=1 

80 C DETERMINE TEMP OF STREAM IR SU THAT REACToR IS ADIABATIC 

„ 81 C CALC S9 IN STRF,5M IR Ar SELECTED TEMP te 
--W-CALL—SRA T(MIAIRASTK1(12/IR)) 

• 

4 

• 

83 C. CALCULATFD HEAT :ADUED TO REAcT5R 
84 51 HCHG=SETH(IR)-SCNTH(N0)-11524.1,0**(STRm(6,IR)-5TRM(0.NU)?* 
85-----.4.65280 *(STRI,(iA10)-STRM(7, IR) )+96990'.0*1.8*(STRM(8,,M0)-STRM(8 
86 +AIR)) 
87 C TEST VALVE OF HEAT A0nE0 FOR CONVERGENCE 
88 -tF6iAY46HCGA0.0.1.0,STRi,(12,IR)3200e.0,3))24,21,22 
89 C NaT CL!!- NERCEDARECALC. FiCrG WITH. tEw NALUF oF TEMP 
90 24 Cr1.0(50,51),L 
91 21 GO TO (7,71)AL 
92 C IS REACT:.P Ii4LET TEMP, G;,EATER THAN 1ST HEATER INLET TEMP. 
93 71 IF(STI,C1(12.IR)-STR'1(123N1))71,70,72 

YESASET lErP OF ;IT =IR SP THAT HEATER IS NOT REQUTREU.CAN TARE OUT 
95 C LESS HLAI 1k 4ASTE HCAT IILER 
96 STrM(12,I)=STRm(12A1P) _7? 
97 C CALC HEATEk-COMAR L41 
98 70 HEAT=SCMHIIRI-StNTH(N1).652i0#0=1.8*(STRm(7AIR)-cTRM(7ANI))- 

. 99 +96990,f)*I.r*(STR!!(PAIR)-STPM(801).). . 
100 30 IF(CIVICrINV)25.25,26 
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101 25PETUR . 
102 20 1.:RITE(e.,..12)1;coNv 
103 1? FORm41( 1  Si,EcIFIrD CriNvEr.sI0,1 IN RIACTuR 4,11,1 uccURS BELow DEW1/ 
.104 P01t,T, cwERSI(MaPUcEP 
105 RETUN 
106 22 wRITE(6,23)1 
107 23 roiot1 AT( 1  CALL FOR REACIFRI,11,1  INLEr STREAM DOES NOT CONVERGE!)._ 
108 Go Ti) 
109 C PoftRLI-Alt!. (MY; aY 
110 CO4Y=CAv-.01 

- 111 Go Tr1 
112 15 t•:RITE(u.016)1 
113 16 FuRAAT(I. REACTOR 1211,1 FOR TEMP DOES NOTCnNyERGE. 1 )_ . 
114 -E:TuRN 

• 115  
116. 53 Fo1mAT( 1 IO P.ECTP),1.1, 1  oUg5 N0U4_ 
117 CONVEREI) 

• 118 RETURN 
119 47 0RITE(6,48)I 

• 120 45- FormATtf SuLFUR :3ACA,:;CE N REACTOR 1 ;11,1  DOES NOT CONVERGtri- 
121 RETURN 
.122 END 

-103- 



A FORTRAN Iv (VEP L3e) SoURCE CISTINGi SPLIT. SUBROuTINE 05/02/73 pkGE 
-104- 

1 SuPROUJI"F SPLIT(N1rd2,3EAPJ 
2 cnrmoN//sTi:m(13,23) 
3. CALL E(..."..)AL(AU,N2) 
4 SvAx=.ST.,..MJ9,14)+4,04,STRNI)+3:0*STRm(7,N1)__ 
5 TNmIN=s'Nm(11,N1)-.75*STRt,(9,N1)-,25*STRr(7,N1) 
6 TmmAx=sTrc11,N1)+3.0*sTRm(0.,N1)+220*STRm(7,N1) 

-710-  
s6pAx7752.:ANt3c0 
TmnLES=1.(M 

9 1 S6=0.0 
10 4 $2=1S6/ER(4,TEmP))**(1./1f)*TtIPIES**(2../30 _ 
11 Sa=EQK(3,TExP)*(s6/E-)K(2.0Emp))**(4./30/TmULES44(1./3.)' 

. . 

12 FAL=10-(2:04,S2+)0)*s6.4. 0 ..0*S9)/(s2mAx*2.0) 
_ IF(0AYAci. 4,f).0.V1356,s,,mAx,1))4,2p3. 

14 2 THCALC=STR: 1 Rmh1) 1 (11,N)-ST,A-STRM(8,N1)-sTRMI7,6 ' _1)+S94-S6+52 
15 TmciiK=1,-TmoLES/ThcALc 

____I.F.0qtYACItif HK0..00.5_?TVOLESATHEAXA.211.1A5$6._ 
17 5 STRN(7,2)=S6 
10 STRMIBJW.)=FR 
19 STam(4,2)=s2 
20 sTo4(11,2)=ToOLVS 
21 STRm(12,2)=TEmp 
22 kFTURH  
23 73- RITE(,-,20)NT 
24 20 FORMAT(' Sava RALANCE xi SPLIT cALc. ON STREAM 1 ,12,/ DOES NOT 1/ 
25 +1  CONVrRE1)._ 

27 (.) 'RITE(i7) 
28_ 7 FoRmAT(' ILT41. _ . 
29 +/I r5T CliNvERGEI) 
30 RETURN 
31 END 
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1 .s,4PRoumT 1.AxER(T!si1aN2;m.1X,K)._ 
2 cnmmON/PiTo(13,23) 
3 DO 2 1=1011 
4 _2,STRMCIA1IX)=STRM(1,1:1 1)+5TRM(1,1H2).. _ 
5 STRV(12, ,Ax)=AMItil(STRm(12,1.41),STRM(12,1m2)) 
6 TmAX=2000.ci 
7 9 IF(57101(7.0!lx)tSTWIL3,Vjx)+STRM(9.&mIX))7,7,4 _ 

4 CALL SPLITC:4 IX,MIX,STRM(12,m(X)) 
9 7 H=sENTH(THI)+SENTH(11,2)-semTHWIX)+1.84,652P0,0*(STRI1(7,01TX)- 
10 i-STR(7/1A)-STRm(7,1-12))+96,9900148*(STI(O_MI.X)-V(0,__PI)....! 
11 --4.51RM(8AL:2)) 
12 IF(wAYA(H.0.0,1.U,STRM(12,1IX),TmAX,3))9,5,6 
13 5 I‹ETURN 
14 ,WRITE(,,)!. 
15 FoRMAT(i MIXER TEtiP DOES NOT CONViRGE 1 ) 
16 RETURN 
17. END 
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1 _EQOA.....t_.Xo. ). 
2 C- 
3 C THIS FUCTILl*: EVAL!IATES A SET OF POLYNIIMINAL COEFFICIENTS BY 
4 C ____!1E5TED„uslioN AS_GENERATED.DY. FUNCTION 

6 C Y = At) Al*X + A24X**2   +-AM*x**M 

7 C_ 
8 C 14 6 C(1) 
9 C 
10 C_ 
11 C Al = C(3) 
12 C A2. = c(4) 

.13 C 
14 C 
15 C Ar = C(m+2) 
16 C 
17 REAL C11) 
1B C 

20 Y I: C(14.2) 
21 00 1 J=1,M 
22 MM=+2f,I 
23 Y=Y=x+c(m) 
24 1 CONTINUE 
25 y=y+C014.3)/X_ 
26 CQUA = Y 
27 RETURN 



A FORTRAN IV (VER L3i) SOURCE LISTIN(;i wAYA FUNCTION 05/02/73 PAGE 
-107- 

1 •4hYAIA&ANs0TW.,sTRT, ToppLEVEL.)._ 
2C 

C POOTroiE TO CONVERGE ON  SINGLE VALUED FUNCTION 
4C 
5 C A . • =cURKENTvALUE OF BEPEioDET VARIABLE 

. 6 C ANS :DESIRED VALUE [IF DEPEoDENT VARIABLE • 
7 C =TOLEKVCE 
t C sTAWTiCORki•Nt VAC0t OF fN0i..PENotNf VARtABLE:A BETTER VALOEMETURNEB; 
9 C STOP =Urn" INDEPEW;ENT vARIABLr, ANSWER BETWEEN START AND STOP. 

10 C LEVEL: 1,2,!* 3 AS AN INDfx FR NOLTILEVEL USE. 
11 C 
12 C MAYA WILL VARY STA R T flETtEFi ITS INITIAL VALUE AND STOP UNTIL 
13 C AlS( AnS- A) .LE. TOL OR 30 TRIALS TAKEN, 
14 C 
15 C UM EXIT wAYA IS: 
16 C • FR T CNVERGED. .F:PEAT CALCULATION WITHNEWvACUEJN START:. 
17 C 0 FOR Co'ovEGED P LI:IITS IR 30 TRIALS TAKEN, 
18 C • FOR CAN N OT CONVERGE. sTA ,!T ALL BE ITS INITIAL VACUE OR STOP, 
19 C WHICHFVER G/yES.  LESS ERROpPiT OlITAI,Y40.11f_tF.A.EYEL 
20 C- -/S  
21 C 
22 nINFNSIO x1(4),x2(4),Y1(4),Y2(4i,KOUNT(4) 
23 DATA kUuNi/ 4*0 
24 C 
25 C SET X,Y & LEVEL 
26--- XL-START 
27 . YL-ANS-A 
2B L=IABS(LFyLt.  
29 vjAYA=1.0 
30 C 
31 C SEE IF tONVERGED 
32 C- 
33 • IF(ABS(Y).CE. TOL) G1 TO 70 
34 C 
35-C NUT ErINvERGED. SEE WHICH CALL'. 
36 C 
37 IF(KOUNT(L)) spop,EL 
38 C 
39 C SECW:). OR HIGHER CALL. SEE IF Y AND Y1(C) BRACKET ANSWER. 
40 C 
41 10 iFtY*Y1(L) .LT. 0.0) GO 'ID 
42 C - 
43 C wY7Y1 iiRAcKFT, sEE HIGHER CALL, 
44 C 
45 IF(KOWJ(L) ..GT. 1) O L.: 30 
46 C 
47 C AT ALL. RE-20 AT START IF THAT LINIr IS CLOSER OR IF 
48 C LEVEL IS MINUS 

.49 C 
50 IF(AMS(V) :LE. ABS(YI(L), .AD. LEVEL .GT. 0) GU To 80 . 



A FORTRAN 

52 
53 

51  

IV (VER L38) SOURCE LISTING: viAYA FUNCTION 05/02/73 PAGE 
-108-- 

RouNT(L)=1 -1_ 
(O TO (0 

54 C 
55 C Y-Y1!2:RACKET,.STURE X C Y IN X2 (L) AAD Y2(L) 
56 C 
57 20 x2_(4)::* 
58 '12(1):0' 
59 Go TO 4c) 
60 C 
61 C FIRS!' c;A:i. cuNvERGIG Y-Y2 BRACKET CALL. STORE X ( xl 
62 C C Y1, 
63 C 
64 30 X1(L)=X 
65 Y1(L)=Y 
66 XmsTup ,  
67 IF(KOUNT(L).EQ. o) GA TO 50 
68 C 
69 C INTERPOLATE NFW X At4p cONTINUF BR QUIT DEPEND! C ON RooNT(L).. 
70 C 
71 40 X=(Xl(L)*(3.*Y2(L)-Y1(L))+x2(L)*(Y2(L)-3,*Y1(L)))/(4.*(Y2(L)-Y1(L) 
7Z_ 
73 

 . 
 u (knu-a(L) .GE. 99) GO T',1 7. 

74 50 KoONT(L)=1QUNT(L)+1 

76 GO TO '0 
77 C 

C _COYEt 
79 C 
80 70 wAYA=0.) 

.81  FS!. 

83 C SET Nc14 VALUE OF INDEpeNDENT VARIABLE. 
84 C 
-85-90 --STA-Rf=T 
86 RETURN 
87 C 
88 C 
69 ENE 



A FORTRAN IV (VER OS) SOURCE LISTING: 05/02/73 PAC;E 
-109- 

1 (WICK (DATA 
2 CM9M/HFDT/COEF(60) 
3 DATA CcEP/3.0,-2f)66,/,6,947,.1.0E-4,1,603E-7,00, 
4 “4.2.0,-..22"0.37,7•15,1061-3,0.C,O.LJ, 
5 +30,-276:;.1,7.256,1.149E-.3,9.43E..8,040, 

7 +3.bs-1962sri$5.141.01.551E-As-3.076E.-7,0.0/. _ 
8 - +2.0,-4147.74,1414E+.1,7•07F-4,2.045E+5,0410, 
9 +2.0,-5•157,99,19.25,11.332t-3,0410,;...0.0 
10 +2.0,-7611.;'ap25..),1,776E.1,00,0;01 
11 -4.2.0,-2350-11.10.7!;$4.44E..410.)00,j, 
12 +2.0,-1t1321131,5,4,2.5E-.300.000.0/ 
13 END 



A EORTRAk !V (VER LY1 SOURCE LISTING: EQK FUNCTION 05/02/73.. PAGE 

1 FUi1CT1.I EIK(ft IT)  
2 REAL Fri(by3)/12119.00;e417.999,14063E-,3,-9.433E—.,-4•37E-1, 

4 
3 

-4-640900,4.44.26,2*(),;),0,f))0.0,_ 
5 .0.-95200.0,68.28A2*0.0,6.0A0.0/ 
6 FREE=FE(4,NU) 
7 DO 10 J=I,3 

J4=4—J 
9 10 FREE=FR.rr_*T+FENG(J4,:,t0) 

10 .... FREE=E:ci7.:47FUIG(5.0d)*ALOG(.j).0.±F00(64MP)./12.110c.ii_ 
11 FCIK:FAV(—Ft,.EF/(1.987#T)) 
12 RETURN 
13 END 



A FORTRAN IV OVER L3A) SOURCE LISTING vP FUNCTION 

1 FUNC T.  I ,  N VP C1 ) .. ._. ._.. . . . _.. 
2 VP;g104C4*(-4940.0/7«.0040P4T+9.811) 
3 kETUR'4 
4 END 

05/02/73 PAGE 
-111- 



A FORTRAti IV (VCR L30,) SoURCE LISTING: riEwPT SUAWTINE 05/02/73 PAGE 
-112- 

.5.QPRouTIPEWPT‘N94.11._ 
2 C2P-1 mUN//sTPV(13,23) 
3 1=425,0 
4 1=23_  

1 CALL SPLIT(N0,1,T) 
6 DE'r!=1.0-(STRA(7,1)+STRm(n,I)+STRm(9,J))/(sTR4(11,Y)*VP(T)) 
7 IF(WAYk(rE'A,o.u,.05,T,07i7,8,3))J,2.0 _ _ 
8 2 ..ETUR1 

3 ';;RITE(6,4)rU 

poiNT cALC oN5TREk!_.1.02.1.! aNS_MUT..CORliER.PE!Y_ 
11 . RETURN 
12 END 



A FORTRAN TV (VER L31) SqURCE LISTINGI CU'ID SUbROUTINE 05/02/73 PAGE 
-113- 

SORHUTr:E.C;IND(TC09..00.11-0EATP.1)._ 
2 Cr)timoN//Slr"(13,23) 
3 C IV=ND, OF 1:3L ET STREAM 
4 C LV=NO OF O;ITLET GAS sTRFA.1 
5 C LL=NO, PUTLET LIVID STREAM 
6 C CONVERT COND. TE!iP. FROM FAHRENHEIT TO CENTIGRADE 
7 TCCiND,(TCPLPt460.0)/1).P..._ 

- IF(TCCIND-3')2.0) 5,5,2 
CALL DE4PT(IViT) 

1.0 _IF(T-TCY:D)10110,1.  
11 1 S268=STRm(7,1V)+STRM(8,Iv)+STRM(9,IV).  
12 C • CALC. T,JTAC moLES OF SULFUR IN VAPOR PHASE AT THE DEW POINT 
13 TOTSP=VP(TCU,ID1*(STRm(11,TV)-,S261,07NPCTONIM 
14 TmeLES=STK?.(11/IV)-5268*TPTSP 
15 S2NAX=TPTSP 
16 AmAxmTUTSP 
17 SomAX=TUTSP 
lb 56=0,0 
19 3 S2=(S6/EK(2,TCOmD))**(1./3.)*TMPLES**(2*/311)  
20 Ss=EQK(3.,T(U:D)*(s6/EQK(;7.,TC1.-.IND))**(4d3.)/TMOLES-44*C1e i3,i 
21 C CHECK hiLE BALANCE 
22 DIFF=1.0-_(..,84S6+5Z)/TPISt' . _ _ 
23 IFIWAYA( LAT F/0.0.0.001,56.1S6MAXil))3,4.07 
24 4 CALL EQW,LtIv.,LV) 
25 STPM(12;LV)LITUND 
23 S2C0.T:STR,IV)-S2 _ 
27 S6C0=S7(7.$IV)-s6 
28 S8CD=STRIV)-S8 _ 
29 sLIQ=6,0*S6Cr+8,StiCO+2.0*S2CD 
30 HVAP=2,303*(4940.0-,(A40p#TCr)M0**2)*1.487*1,8 
31 HEAT=-HVt )*(S2CD+StICO-PSScD)-SENTH(1V)+SENTH(LV) 
32 STRm(7.1LV)=S6 
33 STRMPJ,Lt)=S,J 
34 _STRM(9,p!)=S2 .  
35

...
STRM(11/LV)=T.MULES-- 

36 STRM(12,LL)=TcnNn 
37 ,STRM(1n,LL)=sLID__. 
38 STRM(11.0.L)rsLIQ __  
39 STP.M(13,LL)=SETH(IV)-SENTH(LV)+HEAT 
40. l'ETURN 
41 5 1:RITE(6.,) I 
42 • 6 FoRmAT(i C,:NDE1SER TE1P IS TOL] LUviSULFUR FREEZES AT 392K, 
43 +/I TEMP !ET=400K!) 
44 --- TCONO=400.,J 
45 GO TI1 2 
46 10%RITE(,1611 
47 16 FORAT(1 Sl'ECIFIEU TEMP FnR CONDENSER 1,1)., I IS AmiVE nE4 Pb/NTI) 
48 RETURN 
49 7 'ARITE(6,P)! 
50 . 8 rOW.AAT(1 C!:%0EMSER ',I1sf CALCII f)OES wit CONVERGE!) 



A FORTRAN IV (VFR 13g) SOURCE CISTINGi COND SUBROUTINE {'ACE  
-114-- 

.51 
52 E NU 



A FORTRAN IV (VER La3) SOURCE LISTING: EQUAL: SURROuTINE 05/02/73 PAGE 
—115— 

SUPROOTL.E 
2 CW, WIN//Tm(13,23) 
3 DU 1 I=1,11 
4 A_STRmcIpk?).75TKM(1Aa1J__ 

RETURN 
6 END 



'A FORTRAN IV (VER 03) SOURCE LISTINGI PRINT SUBRNTINE 05/02/73 PAGE 
-116- 

1 SutiRouTI :E pRINT(V0)__ _ 
2 C0mmiri‘v/STi44 (13,21) 
3 DIAENS1a. FRAC(11),C(11: 
4 DATA C/ 1 h2 ' 1,11.47S IsIt723Lj01!12_ 1,102_,A 1.$02.).41$6 _.1,.1.58 
5  +'S2 1 0 1 51.101,1 WILS 1 / 
6 REAL*0 TITLE(3,23)/1 FEE1,1 0 STREAmIs1(1) 1, 
7 +1 bup.NE:1 1.1R H2s GA I,S(7).  

4J------0KiINER Ii( 's 8 1 s 
9 +1 PAJl'slv,ER ouTL I/ / F1(4) Is 
10 +1 1AET '42 ...S GAS_ i1's'xn. 1(5)1 ,__ 
11 - +IS02 CAS IsiTO NIXCRI,1 1(6) 1 A 
12 +1-  INLET',' HEAVER 1 s 1 1(7) I - 1 
13 +I Ik1.FT 1 ,1  REAcuR 1 s 1 _1(8)._c__ 
14 -.0:-0uTLET ,,1 REACT',/',' 1(9) '; 
15 +ILMID 10,10LFLJP C01 ,IN 1(10)1, 
.16_ +1 .OuTI1,1  GAS C_I I,IP.1(11.).....I.s__ 
17 +1 So2 GAS 1,1 Tn mIxER 1,1 2(12) Is 
18 ' +' INLET',' HEATEP 1,1 2(13) 
19 +' IIN.FT 1 s 1  REA(T!':R 1,1  2(14) 1,_ 
20 41   0uTLE1 4,1  REACT7.1R 1,1  2(15) I's 
21 .OLIQUID s 1,1 01.FUr C01,1 Ni.% 2(16)f ; 
22 —0 OUTLET 1 ,1  .GAS c741.)'0 .2(111.1,..... 
23 +/S02 GAS IsITO MIxLR 1 s 1 3(111) 1 ; 
24 +' INLETI,f HEATER 1,1 3(19) ', 
Z__ +1 INLETIA 1 REAcTnR,,1_3(.201_1,_ _ 
26 + 1  OUTLET',' REACTR's s  3(21) ', 
27 4. 1 41001.fl SI,IOLFU CLI', I NT., 3(22) 1 :s 
28_ +I . 00TLETI s f GAS CON 1 , 1 D 
29 --DO 1 J=1,11 
30 1 FRACW=STRMIJ,NC)/STRP(11.040) 
31 IF(ST01(10,NO))3,3,4 .......... ..... ...  
32 3 STh(13211)=SENIP(!fl) 
33 4 ',4tITE(6,2)(TITLECIAU),Iwir3),(Ct1),FR!, C(1),STRM(1,NO)JI=1,11), 
”._ +STkti(12)57.101.(.11,111). . ..._ . . 
35 2 FURmAT(//T1, 1  IT1303A8/T1.1 1  IT10OMOLE FRAC.'713,101 MOLES/HR' 
36 +11(/T1.0 1  IY2,A4/ 16,E20951T26,E20.5),/ 1  TEmPAOEGREF.s Kni,E20.5/ 
..7... __+1 • iNTHAVYtf5TV.TOP.FJ ,C2PA!,1____ 
38 RETOkH 
39 END 



A FORTRAo IV (VER L3'; ) SOURCr• LISTING: SENTH FUNCTION 05/02/73 PAGE 
-117- 

1 STH(K )  
2 CONMnN/ /sTJI (13, 7:3 ) 

4 
S 

/COEF ( 
sENTii= t) . 0 _ 
on 1 1=1,13 

6 ;1=1+6*(1-1) 
1 1 sENTH=SENTi-+E.RIJACSTRI(12,K),cUEF(m))*STF T 0 K )*I. 
C RETUaN 
9-  END 



.4 FORTRAN IV (VER L38) SOURCE LISTING: wHB SUPROUTINE 05/02/73 PAGE 
-118- 

1 stmouT/rE wH3tOn07) 
2 COmMuN//5Tvv(13,23) 
3 C 1ST PEATER CoOLER ELWINATED ? 
4 IF(STRii(12.08)-STRM(12/7))6,5,6 
5 P C CALC. T,P, OF GAS LEAVING WH8 READYIELD DESIRED TEMP AT 
6 C REACTOR INLET 
7 5 TMAX=STRN(12,4) 

STRm(12,6)=373,0 
9 1 DELH=SENTH(5)+SENTH(6)-SF:!TH:7) 
10 .1F(WAYAU:ELHAO.0,10( STRfl()40).,TKAX11).)1,6/.3.._ 
)1 C HO,CALC01E0-  KE:i!1VFD IN vh8 
12 6 TJUT=-5EIM(4)+SENTH(12)+5ENrH(18)+SENTH(6) 
13 2 RETuRt1 
14 3 1-.RITE(6.04) 
15 4 FORMAT if WASTE HEAT o(lILER CALC DOES NO CONVERGE!) 

RETURN 
17- ENO 



APPENDIX C —119— 

INPUT DATA 
NO. OF REWMPSel.... 

LB MOLES/HR 
H2 0.00 

100.00 
H2O 0.00 
N2 0.00 

TEMPfroEGREES v 
FEED 98,00 
AIR . 98,00 

REACTOR COND. TE;;P e of- 

300 0!) 
CUNVEKSION fiYPASS GAS SPLIT 

• 00 

FLAME TEmP/U0r,EFS K=2114.47 
WASTE HEAT i.71TL.Ek Q,'Jt:/;;K= 7e:,5:37219E,07__ 
HEATER—MA.1k 1 00;sTopi Rr. 0.Go00':)F 
CONDENSER 1 (,,P.Tu/pR= —0.23492E 07 



• - 
MOLE 

FEEL 
FRAC. 

STEAM(i) 
L:3 VOIrS/HR 

H2 9.00000F 00 9.(X0!)0E 00 
H2S 0, 1O0(;) (i1 0,1or.)01: 03 
H20 0.00000E 00 0,0DnuOr 00 
N2 0.00000E 00 0.0(,noOF 00 
-02 -n.00000E QC 0,0f.int)OF u0 
SO2 0.00000E '.%0 010c.w;Or 90 
S6 0.00000F 00 010000F 00 
58.  0.00000E e 0..0(!nciur 00 
SZ 0.00000 00 040cw.)017 00 
SLIC 0,0000E 00 0,0(2:000r 00 
110LS 0,100Cf0F. 0.1(J00r 03 
TEMPADEGREES K= 0.31C0UE 03 
ENTHALPYABTWMK= 00.7398E 05 

HZ 
02S_ 
H2O 
N2 
02 

-302-
S6 
S8 

- S2 
SLIQ 

BuRNER H2S 

0,000.;O (0 
0,101,T01. 1 
0.00000f7 
0,000cOF vo 
0 peo-rE 00 
0,000oc.F co 
0.000c1) ;.)Cl 
0,0000C,E 100_ 
0.00000E )(,) 
0.00000E 00  

GAS(2)_.  
LB POCFS/Hk . 

0,0!.Tm0F. 00 
0!3'i,7037:. 02 
0/00:;OE 00 
0.0000P 00 

.0,(WOE. 00 
0.0000E 00 
0,01m0E 

0.0(0:.0F 
04 0 .10t10E. 

00 
00 
00 
00 
02 MOLS 0,10VOCC 

-TEMP -s DE.G.M.:r5-k•-; 01o0oE 03 
ENTHALPY,10/MR= 0.579';2E 04 

FIVKNER AIR(3) 
MOLE FRAC. 

HZ nt000GOF 
M2S 0.000( 

. H20 0400011 C! 
N2 V•79ObOF 00 
02 V.21000F 'IC. 
SO2 (%.000P0F: 00 

- Sb PO' 
S6 ou 
52 

LJ). 1"OLFS/A_. _ 
0.000n0F 00 
0:00DOF 00 
0100(10E 00 

-0.41,410E03 
0.5i1t3OF 02 
0,0(J.!(.00 
0,0.2eq.:Or 00 
0.0Q000E CO 
0o0c,0r,0L 00 

-SOO. .d.000ocE ub 0,00000E 00 
MOLS 0,10000E rl 0.2ap.10L 03 
TEMP,DEGPEES k= 0.31f.,00E 03 
ENTHALPY,GTu/Hr= - 0.35159E 05 



INLET Id?.s C1 AS MIXER 1(5) 
q1117MAC.  .01 ff6TOVV---- 

HZ 0.00000E 00 0,00000E 00 
H2S 0,10000F ________  r.9. 0.66667E 02 
H2O 0,00000E 00 0.00000E 00 
N2 0,00000E 00 0,00030E 00 
02 0.00000E 00 0,00)000F 00 
$02 . 0.00000E 00 6.0600;,7, 00 
S6 0,00000E 00 0,00000E 00 
S8 0,00000E 00 0,00000F 00 
52 0.00000E 00 0.00000C 00 
SL IQ 0.00000E. 0() 0,00000E 00 
MOLS 0.10000E 0) 0.66667E 02 
TEMP:DEGREES Km 0.31000E 03 
ENTHALPY:bTWHP= 0.11598E C5 

SO2 GAS Tn MIXER1(6) 
MOLE MOLE FRAC. 

H2 0.00000E 00 
L8 MOLES/HR 

H2S oop000F 00 0.00000E 00 
/120__ 00.030.54E,00_ 0!”3”E_02___ 

FRAC. 
0.00000E 00 
oop000F 00 
00.030.54E,00_ 

0.00000E 00 
L8 MOLES/HR 
0.00000E 00 
0.00000E 00 
0!”3”E_02___ 

H2 
H2S 
/120__ 
N2. 0.73832E N2. 0.73832E 00 0.110E 03 00 0.110E 03 

• 02 0.00000E • 02 0.00000E 00 0.00000E 00 00 0.00000E 00 
S02 0.130144F 00 S02 0.130144F __. 00 . __. . .0f33133F 02 .0f33133F 02 
Ii 6 
S8  

0.00000E Ii 0.00000E 00_ 6 6.00000E 00 00_ 6.00000E 00 
S8 0.00000E 00 0.00000E 00 0.00000E OD 0.00000E OD 

0_ 
)0) (( °O t.MC SLIQ 0.00000E 00 CZ: )( 

MOLS. • 0.10000E 01 0.25476E 03 
TEMP,DEGREES K= 

)3 . P Os 7:0:-61P - -- -- --. /412.-  ENTHALPY,  T a C10-        ii U      . 

.S2000_ _000000E000_ 
)( °O t.MC CZ: (( )0) SLIQ 0.00000E 00 

MOLS.  • 0.10000E 01 0.25476E 03 
TEMP,DEGREES K= 
ENTHALPY,        . ii T U /412.-  a     P Os  7:0:-61P )3 C10-  - . -- -- --. 



INLET HEATER 1(7) 

fi2S 

MOLE FRAC. 
P.0990.0709. 
0.20741E 00 

La MOLES/A 
.0,0000E 00 
0966667E 02 

man 0.10370E 00 0.33333E 02 
N2 0.58519E 00 0.18A10E 03 

-6-111M000E -60- 6.06600E-06-  
SO2 0.103701 00 0031?33F 02 
S6 0.00000E o0 0,00000E 00 

06 0.000001_ 00' - 
S2 0.0000uF 00 0.0o000E (00 
SLIQ 0.00000E 00 00 _0100000E 
-MOCS -6.100rJOE 01 0.3.2143E 
TEMR$DEGBELS K= 
ENTHALPY.OTJ/HP=-  

INLET REACTnR 

0.74629E 
0;20978E 

11B) 
LA 

00 

03 
07 

MOLFS/HR 
0,00000E 00 

TTOLE FRAC. 
H2 0.0000017. 
H2S 0.20741E o0 02 .0.666671 
H2O 0.10370E 00 0..333331 -02 
N2 0.58519c 00 0,18PIOE 03 
02 

--S02-- 
0.00000E 
0.103701 

no 
00 

0,000001 00 
0.333331. 02.  

S6 0.00000 00 0,000001 00 

- S2 
9.00000E 
0.000001 

00 
00 

0400001-00 
0.00000E 00 

SLIQ 0.00000E 00' 0.00000E 00 
MOLS 0.10000E n1 
TEMP,DEGREES K= 0.74629E 03 
ENTHALRY,8TUMR= 

MOLE 

0.209781 

OUTLET PEACTUR 1(9) 
FRAC. LB 
0.000001 00 
0.93502E-01 
0,_21817f 
0.586241 00 
0.000001 00 

07 

mOLEStIR 
0.000001 00 
0.300001 02 
0,70000E 02 
0.1tR101 03 
0.000001 00 

H2 
H2S 
1120 
N2 
02 
SO2 0.467511-01 0.150001 02 

-so 1).12935E-01 - 0.4i5011 -01 
S8 0415462L•..U2 0.496731 00 
Sa 0.40788E01 0.130871 02 
SLIQ 6o0000E A 0.60600 -00 
MULS 0.100061 01 0,32065E 03 
TEMP,DEGREES K= 0.78765E 03 
ENTHALRY,BTUTHRi- ----0:2919E-  677 

- 



LIQUID SULFUR COND 1(10) 
mqr FPAC. Lt l'1/20LrS/Hk 

.11.2......_____ _pAdoonnE 00_. • .0.00000E_.00— 
H2S. 0,00000E 00. 0,00000E 00 
H2O o,00000r oo o.000por. 00 
NZ 0,00000E 00 0.0 )000F 00 
0
2____ 

0.000001 no 6.06600t 00 _  
SO2 0.00000E 00 0,00000E 00 
S6 0.00000E 00 0,00000P 00 
S8 0000000F 00 000000r: 00 
S2 0,00000E 00 0,00000E 00 
SLIQ 0,10000E 01 05et4sor 02 , 
MOLS 0.10000E 01 0,54480E 02 
TEMF,DEGREES K= 0.42222E 03 
ENTHALPY$13TU/HR= .0..56796E 06 

OUTLET GAS COND 1(11) 
• MOLE FRAC, LB WOLFS/HR 

112 0.0000017 00 0,00000E 00 
H2S 0.98943E01 000000E92__-. 
H2O -0;2308E 00 0.7N1:00E 02 
N2 0,62039E 00 0,16g10E 03 
02 0.00000E 00 0.00000F: 00 .
S02 -0-;49474F01 . -0,15000E 02 - 
S6 0.42189E04 0.12791E•..01 
58 0•20233CO3 0061345E...01 

-S2 - -0,29457r7 -0;8010.05--  
SLIQ 0,00000E 00' 0,00000E U0 
mus 0.10oo0E n1 0.30319.E 03 
TEMP,DEGREt.S- K= ----- - -0.42.222E 03 - -- 
ENTHALPYiBTWHRa 0.510686 06 



INPUT DATA 
NO. OF REACTORS=1 

mnES/HR ----- 
HZ 0.00 
H2S 100,00 
H20 0.00.------- 
N2 0.00 

Tti,Wat6kEis-v- 
FEED 98.00 
AIR 98.00 

REACTOR COND. TEmP.,F CONVERSION 8YPASs GAS SPLIT 
1 300,00 0.650 1.00 

FLAK TENP*DEGREES K=2114.47 
WASTE HEAT £4OILER Q•liTH/HR= -0.61P96E 

MEATER-COOLER 1 Q/81-0/HR= 0.00000E 03 
• CONDENSER 1 (1,F3TU/HR= -0.18810E 07 



JCL_ 
H2S 
H2O 
N2 
02 
SO2 
S6 
S8 
52 
SLIQ 

.FEED STREAM(1) 
MOLE FRAC. 

_.0,00000E 
0.10000E 01 
0.00000E 00 
0.00000E.00_  
0.00000E 00 
0,00000E 00 

0.00000E 00 
0.00000E 00 
0.000')OE 00 

01 

MOLES/HR 
.0.00000E 00_ 
0.10000E 03 
0.00000E 00 
_OAO0000 00' 
0,00000E 00 
0,00000E 00 
_9_,90000f_00._ 
0.000'00E 00 
0.00000E 00 
0.00000F 00 
0e10000E 03 MOLS 0.10000E 

TEMP,DEGREES K= 0.31000E 03 
ENTHALPYABT0/HR= • 0.17398E 

BURNER H2S GAS(2) 

05 

MOLE FRAC. LB MOLES/HR 
H2 0.00000E 00 0,00000E U0 
P2S 0.10000E 01 0f333E,_P.2__ 
H20 0.00000E CO 0100000E 00 
N2 0.00000E 00 0,00000E UO 
02 0,00000E 00 000000E 00 
-S02-  -0; 0-0606 -60- -(406600t-00 
56 0,00000E 00 0,00000E 00 
58 0,00000E 00 0.00000E 00 
-S2--  -0.00000E-06- 
SLIQ 0.00000E 00 0.00000E 00 
MOLS f'0 

-
000Pc 01 0.3”T_ 33 02 

TEMPiDEGREES-X=.  (1;16(5-a-03. - -- 
ENTHALPY,B1U/HR= 0:57992E 04 

BURNER AIR(3) 
MOLE FRAC,' LB MOCS/HR 

H2 0,00000E 00 0.00000E 00 
H2S 0.00000E CO 0.-00000E 00 
H2O _- _0'00000E  UO 
N2 0•79000E 00 OeliiglUE 03 
02 0.21000E 00 0,50000E 02 
SO2 
-S6-  - 

0.00000F 
0.00000E 

00_.  
00 

oioonooF 
0,00000E 

00 
00 

S8 0.00000F 00 000000E 00 
S2 0.00000E 00 .0•00000E 00 

0.00000E u0 0,00000E 00 
MOLS 0.10000E 01 0.2.3810E 03 
TEMPIDEGREES Ku 201000E 03 
ENTHALFY,BTU/HR= 0.35159E 05 . 



OUTLET(4)  
La 

BURNER 
MOLE FRAC. VOLFS/HR 

142..L 0.00000E 00 poc000EPO__ 
H2S 0.00000E 00 0,00000E 00 
H2O 0,130646 00 0.33333F 02 
N2 0.73832E00 0.1r510F 03 
Lir- 0;00.030E 00 60.6000F00 

. 502 0.13084E 00 0.33333E 02 
S6 0.00000E 00 0.00000E 00 
58- 0.00000E 00 .  0106000(1 00 
S2 0.00000E 00 0.0o000E 00 
SLIQ 0.00000E 00 0.00000F 00 

--MOLS 0,10000061 0.25476F 03 - 
TEMP,DEGREFS K= 0.21145E 04 
ENTHALPYItITU/HR=.  0.,74772E 07 

INLET 112S GtS MIXER 1(5) 
MOLE FRAC. LB f'.0CFS/HR 

H2 000000r 00 0.00000E 00 
H2S 0.10000E el 0.66667E _.. 02  
H20 - tiO6OobE 66 0.0c(ME 00 
N2 0.00000E 00 0,00000E 00 
02 0.00000E 00 0.0*000F 00 
S02 0.00000E 00 0O000000 

.S6 0,00000E OC 0,000006 00 
S8 000000E o0 _0.00000E_00 _ 

- 
.._  

S2 0.00000E 00 6.00000E 00 
SLIQ 0.000000 00 0,000006 00 
MOLS 0,10000E 01 0.666676 02 
TEMP,DEGREES K= 0.31000E 03 
ENTHALPY,BTU/HR: 0:11598E 05 

$02 GAS TO rIXER1(6) 
MOLE FRAC. 

000000E 
0.00000E 
0.13CM4E 
0273632E 

L3 M0CFS/HR ....._ 
00 6.60666 66 
CO 0100000E. 00 
00 0.331F 02  _ ._....-33 _ __  
00 0.161130E 03 

H2 
H2S 
H2O 

Thg---  
02 .0.00000E 00 0.00000E 00 
SO2 0.13064E 00 0.3333E 02 
16 0,00000E 00 0 -.000001 . 00 - 
S8 0.000006 00 0000006 00 
S2 0.000006 00 0,00000E 00 

--SLR -6:00000E oo-  -0.06000E-010 - 
MOLS 0.100006 01 0.25476E 03 
TEMP,DEGPEES K= 0.65798E 03 

---gATHALPYIBTUtilR11--  -- • -0.12876t-077 



MOLTS/HR 
INLET HEATER 1(7) 

MULE FRAC. • La 
_02.00000E.00_ 

H2S 0.20741E 00 0.66667E 0?, 
H2n 0.10370E 00 0.31333E 02 
N2 _ 
02 0.00000E 20 0.000000 00 
SU2 0.10370E 00 0.33333F 02.  
So PI00200C P9.  O,OC:~00E 00 
S8 0.00000E 00 0.0(,000F 00 
S2 0.00000E 00 000000E 00 
SLIQ_ 000000E .o0.  0,0u000E 00 
NEILS (%.10000E.01 . 0.32143E 03 
TEMP,DEGREES K= 0.58193E 03 
ENTHALFY,IsTu/HR= .0.12992E_.0.7._____________._ 

H2 
H2S 
H20 
N2 
02 
S02-
S6 
S8 

SLIQ 

INLET REACTOR 
MOLE FRAC. 

0.000o0E 00 
2,2074 .00_ 

-b.10370E ou 
0,b8519E 00 
0.00000E .op 
6.10370E 00 
0.00000E 00 
0.000u0E 00 
0,00000E 1)0 
0400000E X) 

_ 
1J5 mOCES/HR 
0.00000E 00 
0.66667E 02 
0.33333E 02 
0, 111810E 03 
0.00000E 00  
0.33333E 02 
0.00000E CO 
0,00000r: 00 
0,00000E 00 
0.00000E 00 

MULS 0.10000E 01 0.3.219E 03 
-TEMP4, 0EGkEE.SK= - • G50.§iffo3 • ---- 
ENTHALPY,810/HRx 0.12992E 07 

- H2 
H2S 
H2O 
-N2 
02 
SO2 
-S6 
Se 
S2 

OUTLET REACTOR 1(9) 
MOLE FRAC. LL MOLES/HR 

C.000(0t' 66- 
0.74489E-01 0.23333E 02 
0.24475E tau 0.76667E 02 
0;60048E 06 0.1s810E 03 
0.00000E 00 0100000E 00 
0.37245E-01 0,11667F 02 
0.227r5E-c1 -G6007E.01- 
0.55792E732 0,17476F Ul 
0.14512E-01 0.10457E 01 
0.00660t oo -O.OQNJOE UO 

MOLS 0.10000E 01 0.31324E 03 
TEMP,DEGREES Ku* 0.72596E 03 
-04THALPY,BTU/HP: 0.19751E 07 



LIQUID SULFUR COND 1(10) 
MOLE FRAC, LB DOTES/HR 

_H2 .0100000(: oo_ 0100000E 00. 
H2S 0,000005 00 0,00000E 00 
H2O 0,00000E 00 0,00000E 00 
N2. 0,00000E 00 0,00000E 00 
-02--- -040000r 00- 4e06600000 

S02 1 00000E 00 0,00000E 00 
S6 0,00000r 00 0,00000E 00 

--0► ,60000E 00- 0,00000E 00 
S2 0,00000E 00 0,00000E 00 
SLIQ 0.10000E 01 0.66395E 02 
MULS 0;10000E 02 

• TEMPADEGnEES K= 0,42222E 03 
ENTHALFYABTU/HRIT. - -0.40851E 06 

OUTIETCASCpp... 1111±._______ 
MULE FRAC. LB MOLES/HR 

H2 0,000005 00 0.0N)00E 0 0 
H2S _ 0,77767E-01 .0.2.3333E 92 
H2O 0.25552E 00 0.76661F 02 
N2 0,62690E o0 01138105 03 
02 0,00000E 00 0,000005 00 
S02 6.3803E;01 0,11667E 02 
S6 0,421;s9:5-o4 0,12658F-01 
S8 0,20233E-03 0,667e9F-01 _. • ,•••  
S2 -- -0.294515-7-- 0.8e3B35-05 
SLI.Q 0,00000E 00 0,00000E 00 
MOLS 0,10000E 01 000004E 03 
TEMP,DEGREES K= • 0,42222E 03 
ENTHALFY,b1WHR: 0,50269E 06 



INPUT DATA 

_ROLPF.. Rt.:AcrRs.F.L. . 
LB MOLES/HR 

H2 O f00 

H2S 100.00 
H20 . 0,00 
N2 0.00 

TEMP, oFGREES F 
FEED 98.00 

9a,00 

REACTOR GOND' TEMP,,F CONVERSION BYPASS GAS SPLIT 

FLAME TEMPYDEGREES K=2114,47 
_WASTE HEAT r!f:i1LER 
HEATER••CnULER 01 1T(V1-IR= 
CONDENSER 1 Q/PTU/HP= 

0.00000E 06 
-0.17234E 07 



BURNU3117sPAS(?).___ 
MOLE: F1 La MOLES/HR 

0,00030E 00 0,000POE 90' 
o.l0000r o). 0.33333E 02 
0. 00000E 00 0.0c-000E 00 
0.000001 00 0.00000E 00 
o.00000r 00 0,00000E 00 
0.000001 60-  
0,0000CE 00 
0,00000E 00 
-6;60-066r: 

SLIQ 0.00000E 00 
MOLS 0,10000F 01 0.3333E02 
TEMP; DE.Gt2E-B-R 6.31005E-03 
ENTHALPYJEMYHR= 0'.579921 04 

H2 
H2S 

-.1;420 - 
N2 
02 
-S02- 
S6 
S8 

0100000E 00 
0.000C'OE 00 
0,00000E 00 
0.000e0E 00 
0.00000E 00 

afb--P-Kf4mcli 
MULE FRAC, L3 MOCES/HR 

_±.12 _, SAPPP00E 0.... ,_0,00000E _00.- 
142S 0,10000t 01 0,1C00E 03 
H2O 0,000AE 00 0,00000E 00 
N2 0.00000E 00 0.00000E.  00 ._ 
DC 04000J0E .00 • 0!00:000E

...
00 

SO2 0.00000L CO 0,0.)000E 00 
S6 • _. ... ._ ..._. .._ 0.00000E 00 oe.ocTvo.  pa__ 
S8--- 0.00000E 00 -0,00000L 00 
S2 0.000001 00 010000/1 00 
SLTQ 0.000001 00 000000E 00 
/4 a S 0.10000E 01 041t.loo0E 03 

........_ 

TEMP,DEGREES K= 0•31000E 03 
W.HALPY.0310/HR= 047398L95._____._ 

BURNER AIR(3) 
MOLE FRAC. 

H2 0.00006-E oo 
H2S 0.000001 00 
H2O 0.00000E 00 
N2 0,79000F CO 
02 .0.21000r. CO 
SO2 0.000001 00 

-6-.00001 00'- 
58 0,00000E 00 
S2 0.000!)01 00 
SL1Q 6.606001-00 
MOLS 0,10000E 01 

LAMOLfS/HR 
0•0000E 00 
0,000009E 00 

_0A00099E _PP_ 
oilf3sioE 03 
0150000E 02 
01000001. 00 

...6;000i0c.it 66 
0.030001 00 

.0.000001 00 
0.238101 03 

TEMP,DEGREES K= 0.31000E 03 
WHALPY;BTUiHR= • 0.35159E 05 



rii.faTIFIT3TL-ET-74-i - 
MOLE FRAC. LEI MOCFS/dR 

_H2..-.- ?...00000.F ._.00_ .0...00000E00_ 
.H2S 0.00000E 00 0.00000E 00 
H2O (1.130 -i 00 0.33333E 02 
N2 0,73832ti: 00 0.1P8 10E 03 
-02-  - -10-.6000C -TA 0100000E 00 
SO2 0,130o447 00 0.33333E 02 
56 0000000r (Jo 0t90000r; 00 
Se 0.0000`;E 00 0.00000E 00 _  
52 0.00000E :;0 0.0'.)0f)0E 00 
SLIQ 0.00000E 00 0.00000E 00 
MOLS 0.10000E 01 0.2j476E 03 
TEMP/DEGREES Km 0.21)45E 04  
ENTHALPYstITU/HR.,, 0.74.772C 07 

INLET H2$ GAS_MIXER 1.(5).__________ - 
MOLE FRAC. 13 MOLES/HK 

1.12 0.000000 00 
H2S 0.1n0o0E 0).... 

0,03000E 00 
0.66667E 667E.-02 _-- 

H20
.... ......-......, 

H20 00o0o0F.: (w og000por.: 00 
N2 0.00000E 00 0100000;; 00 
02 0,0000CE 00 _ 9, 030c,or-:„0.9.  _ 
S02 6.0000oF 66- 0,03000E 00 
S6 o.ocooi.n nO 0tvl000E 00 
Sty 0.00000E 00 o.0!),100E 00 ...._.:............. ......._........ 

6.60ft i'- f.AJ 0,00000E 00 
SLIQ 0s00000F.-. ('0 0,00000E 00 
MOLS 0.•l0000E (1. 0.6e)667E 02 
TEMPSDEGRaSm- K 0.31000E 03 
ENTHALPYshTU/Har. 0.11598E 05 

Sn2 GAS "I,-  nIxER1t6) . 

---6:60(inir-o-b - 
Li mOCFSb!R  

6;b600E 00 
MOLE FRAC. 

H2S 0,00000E 00 0.00000E GO 
H2O 0.13084E 00 0.33333E 02 

0.73832E 00 61i;310E 03.  
.02 . 0,00000E 00 0.00000E 00 

S02 .0.130e4L 00 0..33333.r02 
S6 --- -6066debC6C. -6;6J66& 66 
S8. 0,00000E on 000000E 00 
S2 0.00000E 00 0.00000E 00 
SLIQ 0.00000E .00 0.00000E 00 
MOLS. . 0.10000E 01 0.25476E 03 
TEMPsDEGREES K= 0.57997E 03 
-tqfHALPY,6TNHK;-.------ -0-.-99417df.06-  ---- 



INLET HEATER 1(7) 
MULE FPAC. . L MOLES/NR 

op.000noc op__ 
0.20741E 00 046,6667E 02 
0,10370E 00 0.33333E 02 
0,58519E 00 0.1,310E 03 

--0A0000E-00-- 
.0.10370E 00 . 0.331'33P 02 
.0.00000E m0 0,00000E 00 
--0.00000r kYtI Ol00000F' 00 -- 
0•00000E OU 00()000E 00 
0400000E 00 0,000E 00 

MKS - •4.10000E Cl -0.32143E 03 - 
.TEMPfrDEGREEs K 0.52082E o3 
ENTHALPY,DTU/Hp= 0.10104E 07 

H2 
H2S 

- H20 
m2 
02 

--S02 
S6 
S8 

SLIO 

INLET REACTOR 

0.00000E 00 
0•20741E 00 
-0.10376E 66-
0,58519r 00 
0,00000E 00 
0,10370F-00--
0,00000E 
0,00000E 00 
01660V0c. 00 
0,00000F 00 

1(8) 
- L Ti!OCFS-rik------- 

0.00000E00 
0.66667E 02 
-0•33333E 62 
0,1A810E 03 
0410r,000E 00 
0.33:03E 02 
0100000E. 00 
0,00000r: 00 
0,0q000E 00.  
0,00000E 00 

MOLS 0•10000E 01 0032143E 03 .  
TEMP,DaRErS Km 0.52082E 03 
ENTHALPYsiM/HP= 010104E 07 

OUTLET REACTOR 1(9) 
145YAcf LI3 PLFSLIK_______ 

:2--- 0.00010E 00 0.00000c 00 
• H2S 0.64420E-01 0,20000E 02 
H2O 0.•.25763F00 03 00000F 02 
HZ 0•60586E 00 0.1;q110F 03 
02 0,00000E 00 0,00000E 00 
SO2 0,32210F-A 0e1000F 02 • _... - -_...   ._..  
S6 0624046E-01 0.746530 01 
Se 0•80931E-02 0,25126E 01 
S2 0.82451E-2 0..25598E... 01_ 
SOO-- -6,46065E.  66- ---0t.0066(.4.: 00 . 
MOLS 0.10000E 01 0.31046E 03 
TEmP,OEGREES Km 0.69926E 03 
ENTHALPY:BTu/HR: 0.1'422E 07 

HZ 
H2S 
H20 
N2 
-02 
SO2 
S6 

--S8- 
S2 
SLIO 



.Liolm SULFUR COND 1(10) 
MOLE FRAC, LB VOLES/HR 

.J-12 ..... .a1000.T.OP__ 010o0.c4E.A0__ 
H25 0.00000E 00 0.00000E 00 
H2O 0.00000E 00 0.00000E 00 
N2 0,00000E 00 0.00000E 00. 
02 0.00090E 00 otoopouri 00 
SO2 0.00000E DO 0.00000E 00. 
SO__ _0.099.0...0.0... AW1000a_q0__. 
S8 0.00000E 00 0.000U0E 00 
S2 0,00000E 00 0.00000E 00 

...SL1Q 9A.190021. 0!04E....0?-___ 
MOLS 0.10000E 01 0,69455E 02 
TEAP,DEGREE$ K= 0,42222E 03 

EN.THAL.F.Y.JigUhig..E______. __.7.•!0, 3.7.913.8E 0.6_____ ______ 

oUTUT GAS C0N0_11.11A______________ 
MOLE FRAC. L$ POLES/AR 

H2 _ 0.00000F 00 0.00000E 00. 
H2S._ _01.67111._ RIZa0DOE:92._ 
1120 0.26846E 00 0.80000E 02 
N2 0.63120E 00 0.18810E 03 
02 0.00000E 00 0.0000CP 00 
S02 0;j355 E-,01 0.10000E 02 
S6 0,42189E-G4 0,12572E-01 
S8 0,202331-03 0,60295P'01 _...... . .f • . . . .. __ 
-S-2--- --6,"94.57E:67 0187780E'•05 
SLR) 0.00000E 00 9,00000E 00 
MOLS 0,10000E 01 __90.2.2.9P___ TEMP,DEWEK-k= -  -- ----15.7,F222E 03 
ENTHALPYOTUNR= 0;49869E 06 



INPUT DATA 
NO, OF REACT(ARS=1 

16 MOLES/HR 
H2 0.00 
112S 100,00 
H2o 0.00 
N2 0,00 

1040;Et§0 
.FEED 9800 
AIR 98.00 

REACTOR COND. TEhPepF CO?!VERSIO1 1.0/PASS GAS SPLIT 
300,J0 U.W.) 1.00 

FLAME TEMP/OFG.REES K=2114.47 
WASTE HET 1-WILER 0.“'TtOR= .-...69P.,70E 07 
HEATURCPOLE 1 :toWilJiiiR= 0,0000E 00 
CONDENSER 1 0,11TU/HR= —0,1445(A! 07 



H2S 
H2O 
N2 

SO2 
S6 

52 
SLI0 

FEED STREAM(1) 
MOLE FRAC. 

0.160001 o1 
0.00000E uO 
0.00000F.  00__ 
600-661 CO-  

0.00000E•00 
0.000001 00 
0.000001 00 
0.000001 00 
o.ou000e oo 
0.10000E 01 

LB MOLVS/HR 
L.9.100000E._.00__ 
o,v000E 03 
O,Ooo001 00 
o09(.10oLoo _ 
0,o0c;oE uo 
o,00000 00 
otootTE 00 
o,ouot.oF uo 
o.vouoE 00 
0.0p0U0F00 
0.100001 0-- 

TEMPADEGREFS 0..31000E 03 
NTHALPY.6T0/HR-- • . 0.173?8E 05 

MIRNry HPS O .__________ 
FRAC. LB MOLFS/HR MOLE 

+42 0.000001 00 0.00000E 00 
HZS 0.10000E 01  00-,i,?:33EOg__ 
H2O 0,000001 00 6.00000E 00 
N2 0,000001 00 0.000001 00 
02 o.00000e 00 0.00000E 00 _....... _____ 
SO2 0.000001 00 0.00000E 00 
S6 0,000001 00 0.00000. 00 
SS  0.00090E1 AP 0,000ooc. 00 . _   
S2 0.000u(4: 06 0,00000E 00 
SLI.O. 0.00000E 00 0100000E 00 
MOLS - 0.10000E 91 0.33333E 02 
tEMP,DEGREES Kr... 0.31000E 03 
ENTHALPY.3TWHR= 0.579021 

DUP.NER AIR(3) 
MOLE FRAC. 

H2S C.00n00E 00 
H2O .0.00000► 00_ 

--N2 0.79000 00 

04 • 

d;00000n 
0,000001 
o,owpor: 
oqlrfiloE 

00 
00 
00 
03 

02 0.210(.?0E 00 0.50000E U2 
SO2 0.00000E 00 0.000001 00 

0,000001 U0 
so 0.000 0E 00 0.00000E 00 
S2 . 0.00000E 00 0,000001 00 

0.000'.)01.1 00 0400000E 00 
MOLS. 0.10000E of 0.239101 03 
TEMP,DEGKEES K.= 0.310001 03 
ENTHALPY,BTWHR= 0.39159E 05 



00 
02 
03 

H2 
H2S 
H2O 
N2 
Q2 

BONER OUTLET( 4? 
MOLE FRAC. L6 MOLFS/HR 

0.000001 00 00000E_ 
0.00000E 00 0000000E 
0,13064F 00 0.33333E 
0.73832E 00_ _ 9.1W310F 
6,006001-00 0000000E00 -  

S02 .0,13084r 00 0.33333E 02 

_PA00000E . 00_ _ _1._PO0o0Pil Po. 
- S8 0.60000E60 ot000noE 00 
S2 0.00000E 00 ofou000E 00 
SLIQ 0.00000E 00 0l00000E 00 
-MOLS .  0.10000E 01 0,25476E 03 
TEMPPDEGRLES 
ENTHALPY,BTU/HP.= 

INLET 

10; • 0.21145E 04 
0.74772E 07 

H25 GAS MIXER 1(5) 
FkAC. L3 f4OLF57HR --.---------HTICE 

H2 • 0.00000E 00 0,00000E 00 
H2S 0,100001 01 0,66667F 02 

--H20---  0.000(XE 00 006660E GO 
N2 0,00000E 00 0100000E 00 
02 . 0.00000E00 0,00c00E 00 
S02--  0$000(Tor -60-' 0.0M)00E 00 
S6 0.000001 00 0,000001 00 

._ ..  S8 0.00000F 00 0,00000E 00 
S2 .6.66000E 66--  0,000001 00 
SLIQ 0.000001 00 0,000001 00 
MOLS 

--TEMPSDMEE5 
0,100001 
K= 

01 
0.31000E 

0.66667E 
03 

02 

ENTHALPYJSTU/HK= 0.11596E 05 

H2 
H2S 
1120 
N2 
02 
SO2 
S6 

- 

S8 
s2 

0, 130 4E oo 
0.73632: 00 
.0.00000F 00 
_00 

C
3064E 00.  

b..6606066 
0.000001.00 
0.000001 00 
0,00000F  

0.333331 02 ___..._ 
0.189.101 03 
0,00000E 00 
0..33333E_92 
7i), 

 
00000F 00 

0.00000E 00 
0,00000E 00 
0.00000E 00 

sn2 GAS TO 1-1XER1(6) 
MOLE FRAC. LB MOLES/HR 

0.00000E 00 00(;0001 00 
0.00000E 00 0,00000E 00 

MOLS 0.10000E 01 0.25476E 03 
TEMP,DEGREES K= 0.439221 03 
tNTHALPY,WW/HK= • 0..49019E 06 



MOLE 
_H2 

INLET HEATER 1(7) 
FRAC. 
_PAPPOOn_00._ ' 

LB POLES/HR 
_Pt.90000.E.99_. 

HZS 0,20741F ou 0,66667E 02 
1120. 0.10370F 00 0.37333E 02 
N2 0.58519E 00 ).01 
02 - 0.000001- N) -.0;06666E.  00 
SO2 0.10370E.00 0.33333E 02 • 
S6 

---s6 - 
0.000901iqa._. 
0.000:'01 100 

0.0000E ....___. ... .._.......______ 
otoocooE 

00 
UU 

S2 0.00000F 00 0.0o000E 00 
SLIQ _000000E.J1.0 .0t00000r, 00 
-ADCS - G. 1000F !.4--  632143E 03 
. TEMP,DFGRELS K= 0.41071E 03 
ENTHALPY,BTO/HRA., .0.50179E 06 

INLET UACTOR_118..) 
MULE FRAC, Lit MOLFS/HR 

H2 0.00000E 00 0,00000E 00 
ii4S .....91741EL 00%_ 0.66667E 02 
H20 0.10370E 00 0.33333E 02 
N2 0.58519E 00 0,18P7OE 03 
02 0.00000E 00 0100000E 00 
$02 6;1.010C-66- -0.33333i±: 62 
S6 0.00000E 00 0:0000E 00 
58 . 0.00000E 00 0.00000E 00 
52 0.00000E 00 0,00000E 00 
SLIQ 0.00000E 00 0,00000E 00 
MOLS 0.10000E 01 0.32143E 03 
TEMP,6EtREES Km 0.41071E 03 
ENTHALPY,BTJ/HR= . 0.50179E 06 

OUTLET REACTOR 1(9)  
moLE FRAC, L1. MOLES/HR _ 

112 0.00000F 00 0•0(0000E 00 
KS 0.43437E-'01 0.13333E.02. 
H20 .0..28234E7. 00_ 0.06667F. .02 _ 
N2 - 0.61277E 66 0,1a810E 03-  

.02 0.00000E 00 0.00000E 00 
S02 0.21716E-01 0.66667E 01 

--S6---  -0;-23297E--01 .-  0.7151.3E. U1--- 
S8 0.14610E-01 0.44e47E 01 
S2 0.204B8F-02 0,62889E 00 
SLID 0,00000E of 0;0000E-00-- 
MOLS. 0.10000E 01 0,30696E 03 
TEMP,DEGREES Kr. 0.64377E 03 

--ENTHALPY,BTOTAWi7 ---0.4-5119C07 



- 

LIQUID SULFUR GOND 1(10) 
HOLE FRAC. • LB MOLES/HR 

142 _Q*900P0E_00 
142S 0,00000E ou o.o6000E oo 
Han 0.00000F 00 0,00000E 00 
N2. 0.00000F 00 0.00000F 00 

---0-;(506001,.-o0 -112— 0, 00000E 00 
St12 0.00000E 00 0400000E 00 
S6 0,00000E 00 0,0c.000E 00 

- -0.,00000E s8 00 0.00000E 00 
52 0,00000F 00 0,00000E 00 
SLIQ 0•10000r: 01 0,70;492F 02 
MOLS 0,10000F 01 
TEMPADEGREES ICr 0.42222E.03 
ENTHWYstiTO/W.7.-  

OUTLET GAS 
TIME FRAC. 

000000E 00 
H2S 0,45234E-C1 

—1712 -6:29462L 
. 

 
N2 00631112F 00 
02 0.00000E 00 

6,226171.:61 

”0.36376E 06 

COND 1(11) 
IR VOLES7HR 
0.00010E 00 
0.13333E 02 
68i)667E 02 
0.11:A10E 03 
0,00000E 00 
0,60667E 0]. 

S6 0,42109E ?4 0.12436F-0. 
SB 0.20233F03 o.59641p-01 

0;29457E-07 -  
SLIO 0,00000E 00 0.00000E 00 
MILS 0.10000E 01 0,29477E 03 
TEMP;-DEGA-CeS 
ENTHALPY,BTO/Hk= 0.49069E 06 



INPUT DATA 
Nn, OF REACTuRS=I 

LB MOLES/HR 
H2 • 0.00 
H2S 100.00 
H20 0,00 
N2 0.00 

TEiP,DEGREEES T -- 
FEED 98.00 
AIR 98,00 

REACTOR COND. TENP.oF CONVERSION 
300.0C 0.900 

BYPASS GAS SPLIT 
100 

FLAME TEMP. DEGREES K=2114.47 
CALL FOR.REACTOR1 I:s1LET STREAM DOES HnTS,ONVERGE 
WASTE HEAT VAILER (1,1JO/HR= —0'.72200E 07 
HEATER—COOLER 1 Q,BILI/HR= 0.00000E 
CONDENSER Q.TU/Hk= —Q1_11265E 07 



. FEED STREAM(1) 
MOLE FRAC. L MOLES/HP 

0.00000E 00 0.0(000F 00 
0.10000c 91 0.10000E 03 
0.00000E 00 0.00000E 00 
0.00000F 00_ Q.00000E 00 
T..615601q no ot oocooF 00 
0.00000E 00 0101o00E Po 
.0.00000 UU 0 0,)000E 00 
0.00000E 00 0000U0F 00 
0.00000E 00 0.00000E 00 
0.00000E 00 000:3000E 00 
6,10000E- 01 0,10000E 03 ". 

TEMP,DEGRFES K= 0.3100(-.T 03 
ENTHALPYR BTU/HR.,- 0.17398E 05 

BURNER H2S 
LB MOLES/HR 

0.00000E Oo 0.000001. 00 
o.loopoc 01 0.33333E 02 
-0.0000LJE 90 0..00000E 00 

- 

0.00000E 00 0.0000E 00 
0.00000E 00 oton000E JO 
-0;(5VoVki6- 60 606650C06---- 
0o00JoE 00 0.00000E 00 
0.00000E 00 0,0(0 0E 00 
0.00000F 10:06606t -Ob. -_  
0.00020E 00 0.00000E 00 

01 0.33133E 02 

0.57992E 04 

 

BURNER AIR(3) 
MOLE FRAC. 

0.00000E 00 
0.00000E 00 
0.0001:0F 00 

r  0.79000c 00 
0,21000E 00 
0.00000E 00 
6;000ooE0.0.  
0.00090E 00 
0.00000E 00_ 

LB MOI:FS/HR 
H2 
H2S 
H2O 
N2 

*02.  
SO2 
56-- 
SS 
S2 
SLIQ 

0.00000F 00 
0.0000E 00 
0.00009E 00 _u
0.13A10E 03 
0,50000E 02 
0,00000E 00 
0.00000E 00 
0,00000E 00 
000000E00:__ 
0.00000E 00 

MOLS 0.10000E 01 0•231310E 03 
TEMP,OEGREES K= _.00.1000E 03 . 
ENTHALFYARTU/HR= 

_142 

H20 
N2 

SO2 
S6 

S2 
SLIQ 

-M0 

H2 
H2S 
H2O 
N2 
02 

-S02 -
56 
SS 
-S2 
SLIQ 
MOLS 0,10000E 
-TEMP,DEGKEE-S--Ki - 
ENTHALPYA BTU/HRx 



-------------- .aikNrkbUfaT(4) 
MOLE'FRAC. La moirs/HR 

H2 0.00000E 00 00P0E 00 
H2S 0.600e01 00 0,00060E 00 
H2O 0.130S4E 00 0.33333E 02 
142 0,73832: 00 0.1rn10E .._. 03 
-112 -  0.00000t- OU 0.00000E 00 
SO2 0.139841. 00 0.33333E 02 
56 0.000o0F 00 0,00000E 00 
S8 0.00000L 00 0,00000E 00 
S2 0,00000E 00 0.00000F 00 
SLIQ 0,00900E 00 0,00000E 00 
MOLS   0.10000E 01 0.25476E 
TEMP,DEGPtES Ku 0.21145E 04 
ENTHALPY,F;TJ/HP=-  0.74772E 07 

INLET H2S GAS MIXER 
MOLE FRAC. 

1.(5) . 
Le. MOLES/Hk 

H2 0,000001 00 0.0N000F 00 
H2S 0',10000E 01. .016f60E_9.2___ 
H2O 0.00000E 00 0,00000E 00 
N2 0.00000E 00 0.0(i000E 00 
02 0.00000F. 00 0.0000E 00 

rS02 - 6A0000r66-  0:0o 00E 00 
S6 6.000por.. CO 0.00000E 00 
58 poupuoLop 0.0o000E 00 
-52 - 0.00000C 00 0,00060E U0 
SLIQ 0,000001 00 0000000E 00 
MOLS 0,10000F ol 0.6f)667F 02 
TEmP,DEGREES 
ENTHALPY/BTJ/HR= 

S02 
4. __ ___.M .__F.P.4,.1 

K= 

GAS TO 

a 0 ',5b-t- 

 _,_ 

o.00000r 

0.738321 
0.00000E 
0.130i14E 

_333F.02__ 

0.31000E 03 
. 0.11598E 05 

XER1(6) 
_____ .0 _PD I,. ES ___ 

65- ()of:00°E 6-6 
bu 0.00000E 00 

0.33 
00 01.1bd10E 03 
00 0.00000E 00 

 oo 0.00
00. _ 0.33333E 02 

_...00.0E 
_ 
00 

H2 
H2S 

-. H20 _. 0.,13084E ..._00_._  
N2 
02 
SO2 
S6 0.00000E 
Se o.000uer 00 0,0oo00F 00. 
S2 0,00000E 00 000000E00. 
SM.  0.00000E 10 01.00000E 00 
MOLS.  0.10000E 01 0.2!i476E 03 
TEMP4DEGREES Km 0.37300E _ . __. 03 _______ 
-ENTHALPYiriTU/HP.44-7  -- 0.25721F 06 

__ 



INLET HEATER 1(7) 
MOLE FRAC.. ' LB MOLES/HR 

112 • 0,00000E 00 _0OP000E..00_ 
H2S 0.20741E 00 0.6f.,667E 02 
H2O 0.10370E 00 0.3A:433E 02 
N2 0,58519E 00_ 0.1P910E 03 
02 o.00mlioCO6 0,0000oc 00 
SO2 0.10370E 00 0.33333E 02 
S6 0.00000E 00 0,0o000E 00 _.._  __.  tti 

0.00000E 00 O.; 000onE ''' .66-- 
S2 0.00000E 00 0.00000E 00 
SLIO 0.00000E00 0:000D0E 00 

--MOLS --- - O.100 J '(0E ' 01 6.i1:43 .-.0.  
TEMPADEGREES K= - 0.35902E 03 
ENTHALPYpeTV/HR= 0.268120E 06 

INLET REACTOR 1(8) _   ,  
MOLE  PkAt . 16 -rfii.T.s7!1R 

_ 
 

H2 0.00000F 00 0.0000E 00 
H2S 0.20741F 00 0,60667E 02 
H20- 5;Abl7bE-00- "6.3.3333E02 
N2 0.58519E 00 0.18810E 03 
02 0.00000E 00 0.00000E 00 
SOZ- -b,40310F o0 0.3333E 02 
S6 0.00000E 00 0.00000E 00 
Se 0.00000E u0 .9020(vE 00 
s 2-  - - -0 . ou'uouE - -00 0.00000E -00- 
SLR) 0.00000E 00 0.00000E 00 
MOLS 0.10000E 01 0.32143E 03 
TEMPO EGREES Kr. 0.29A00E 03 
ENTHALPY,BTU/HR= -0.67534E 03 

OUTLET REACTOR 1(9) 
 'MOLE FRAC. LB POLES/HR _ _ 

H2 0.00000E 00 0.00000E 00 
H2S 0.21921E-01 0166667E 01 
HZO 0.30690E. 00 9•93f22___ 

-6.61850F 60- 0.16A10E 03 
02 0.00000E 00 0.00000E 00 
SO2 0.10961E-01 0.30333E 01 
56 -7 0.166491:-01- -0 56632E01--  
S8 0.24466E-01 0.74467E 01 
S2 . 0.22216E-U3 _0,67777E-01 
SCIQT  0.00000E 00 0.01:0000.01:0001=00 -  
MOLS 0.10000E 01 0.30412E 03 
TEMP,DEGSEES K= 0.57198E 03 
ENTHALPY,BTU/Hsx 0.12415E 07 



.--LIQUID  SLTL-07di t ilNii1(16) 
MOLE.FRAC, LI VOLES/ ER 

H2 0.00000E 00 . _9190000L00___ 
H2S 0,00000E 00 0.0u000e 00 
H2O 0.00000E 00 0.00000E 00 
N2 . 0.00000E 00 000000E_00 
02------ ---15 -;000.0E (R - . P00000F 00 
S02 0.00000E 00 0.010,00E 00 
S6 0.00000E 00 .000000E. 00___ 
S8 0.0000CE 00 0.00000E 00 
S2 0.000u0E -00 0.0;20001"; 00 
SOO 0.10000E_0.1_ 0.89543E 02 
-AOCS-- —ThifObou'E of 0.80543E 02 
TEMP, DEGREES Kr. 0•42222E 03 
ENTHALPYs8TO/HRN -0.36/69E 06 

OUTLET GAS COND 1(11) -- __ 
MOLE FkACs 1 V .F H.  

H2 0.00000E 00 0.00000E 00 
H2S 0122662E01 °I.§003E_Pl__ —_ 
H20 b.3z)0or. 0') 0.9333E... 02 
N2 0.64502E 00 01118810E 03 
02 0.00000E 00 0.00000E 00 

--S02 -0;11431E:4)1- —0.33333E 0i--  
S6 0.42189C--.)4 0,12303i:..01 
S8 0:20233E.•.93 0159(03a-01 .... .... ... .--... _.  _ 
S2 -- 0,29457E-07. 0.85899E05 
$LIQ 0.00000F 00 0.00000E 00 
MOLS o.kpoop.E f.l. 0,4?).61!;_cq 

-7E14ParGkETS-K i.  - . - --- -6;4-111-it . -6S.  • - . - -- 
. ENTHALPYJBTU/HR= • 0,48269E 06 



INPUT DATA 
NO. OF REACTnRSul 

LB MOLES/HR 
H2 0.00 

___. 00 _- 
H20 O.U0 
N2 0.00 

TEMPADEGREES F 
FEED 98.00 
AIR 9 8,00 . __ .     . _  . _ 

REACTOR COND. TEMP.,F COAVERSICN BYPASS GAS SPLIT 
1 300.00 0.950 1.00 

• FLAME TEMPOEGREEs K=2i14.47 
CALC FOR REAPTP.n..0T tJ STREAM_O*S Nni ONO .RGE _ 
SPECIFIED CIMERSIJN REACTOR 1 OCCUR S BELOW DEW 
POINT, CONvERSION RELUCED TO 0.920 
WASTE HEAT itnILER Qp:-;.71.11HR: ...0,72200E 07 
HEATERCOOLER 1 0,1iTu/4;R= 0,0000oE 05 
CONDENSER 1 QABTLYHR= -..0.10416E 07 • 



- 

STREAM(1) 
L3 140LF5/:ie MOLE 

FELL) 
FRAC, 

H2 0000000F 0 0100000E 00 
H2S 0,10000E 0,10000E 03 
H2O 0000000E e0 0,0000E 00 
N2 0,00000E ri0 0,000n0E 00 
02 0.000001 c0 0.0(.000E 00 
502 0,00000E 00 0,00000F 00 
S6 0000000E f,0 0,000[)0E 00 
Se 0.00000F 00 0,00000E 00 
S2 0,00000E 00 0,0000E 00 
SLIQ 0,000)0E 00 00000°OF 00 
MOLS 0,10000E 01 0,10000E 03 
TEMP/DEGREES K= 0,11000E 03 
ENTHALPYJbTU/Hkm _0.111=ME _95_ 

BURNER HS GAS( 2) 
MOLE FRAC, LB 1q3LFS/HR 

H2 0,00000E 00 010()000E 00 
H2S 0010000E 01 0.33333F 02 
H2O 0,00000E 00 0.00000E 00 
N2 0.00000E 00 0,00000E 00 
02 0, 00000E 00 0, 00000E 00 
SO2 0,00000E 00 0,00000E 00 
56 0.00000E 00 0,00000E 00 
58 0/00000E u0 0,00000E 00 
52 0,000JUE 00 0,00000E (>0 
SLIQ 0,00000E 00 0.00000E 00 
MOLS 0010000E 01 0.33333E 02 
TEMP/DEGREES K u,1000E 03 
ENTHALPYJBTU/HR= 

3URNER 
MOLE FRAC, 

0.57992E 

AIR(3) 
L 

00 
CO 
00 
0"..) 

04 

VOLES/R___ 
0,00000E 00 
0,00000E 00 
0,00000E 00 
0.110F 03 
01500(OF 02 

HZ 
H25 
H2O 
N2 
02 

0.000D0E 
0.00000 
0,000,)0E 
0.79200E 
0,21000E 

SO2 0, 000oeE 00 0p0000E. 00 
S6 0,00000 00 0.00000F 00 
$9 0,00000E 00 0e0(000c 00 
52 0.010C.F 00 0e0(.000E CO 
SLIQ 0.00000E 00 0,0000E 00 
MOLS 0,10000E 01 0,2:1P10E 03 
TEMP,DEGREES K 0031000E 03 
ENTHALPY/BTU/HR= 0,351590 05 



OUTLET(4) 
LB MOLTS/11R 

pH2MER 
Mi-AE FRAC. 

H2. 0600000E 00.  0.0t000 00 
H2S 0.00900E 00 0000000E 00 
H2O 0.130144F 00 0/33333E 02 
N2 r).73332E 00 0.1V 10E 03 
02 060000( 00 0.00000E 00 
SO2 0.1304E 0.3?.?33E 02 
S6 0.00000L 00 p.0u000F. 00 
S8 0.000a0F 00 0.00000E 00 
SZ 0.00')OUL 00 060!1000E 00 
SLIO 00 0.0t'000E 00 
MOLS 0.100nE A 0.25416E 03 
TEMP./DEGREES K= 0621145E 04 

ENTHALPY,BTU/HP= 

INLET 02S GAS MIXER 1(5) 
MALE FRAC, Lb MOLES/HR 

HZ 0.00000E 00 0/00000E 00 
H2S 0610000E r1 0/6666-q.  02 
H2O 0.00000E 00 0.00000E 00 
N2 0.00000E 00 0.00000E 00 
02 0600000E 00 0.0000UF 00 
SO2 0.000',10E 00 0.0C0DOE 00- 
S6 0.00000E 00 0.000DOE 00  
S8 0.0000E 00 0.00)000F 00 
S2 0.009U0E 00 0.00000E 00 
SLIO 0.000u0F 00 0.0C,000E 00 
MOLS 0.10000E 01 0066667E U2 
TEMPIDEGREES kr. 0.3100C E 03 
ENTHALPY,DTH/HR= 0.11593E 05 

5112 GAS TL mIXER1(6) 
MOLE FRAC. LP MOLFS/yiK 

H2 0.660,Jot CO 0.00000E 00 
H2S 060000OL JO 0.00000E 00 
H20 0.130P4F 00 0.33333F 02 
N2 0073o32L 06 0/1i-i91UL 03 
02 O*00000F co 0/0()000E 00 
SO2 0.1301“/L GO 0.371133E 02 
S6 00000(...1L co 0.0n010E 00 
S8 0.000(:,0E ('0  0.0(A)00E 00 
s2 
S410 

0.000 00E 
• 

0.00U00E co 
0,000001-7 
0.0000E 

00 
00 

MOLS 0.10000E of 002!:476E 03 
TEMP/DEGREES K= 0.717300E 03 
ENTHALPY6RTWHP= 0.25721E 06 



MOLE 

— 

INLET.MEATER 1(7) 
FRAC, L 

_Ot.()0000F 4)0._ 
mOLES/1,R 

0.00.00uE 00_ 
H2S 0,20741E 00 0.666671:  02 
H2O 0, 10370E 00 0.33333E 02 
N2 0158519E 00_ .0f1;'51 10F 03 
02 0,00009F 00 0.000E 00 
SO2 0,10370F co 0.33333E 02 
SO _0,00000 ._, 0,0o000F 00 
S8 0,00000E 00 0,00000E 00 
52 0.00000F 00 0,00000E 00 
Silo 0.00N0OF, (0 0, 00)0F 00 
MOLS ,.10006E 61 0.3;4143E 03 
TEMP,DEGPEFS K= 0.35902E 03 
ENTHALPYJtiTu/HR= 0,25860E 06 

INLET REACTOR 1(8) 
MOLE FRAC. MOLES/HR 

HZ f7',000n0F 00 0,00c0E 00 
H2S 0,20741F 00 0.666o7E 02 
H20 0e10370E 00 O.333:33F 02 
N2 0,58519E 00 001r110E 03 
02 0,00000E 00 0.00000E 00 
SO2 0.10370E 00 0.33333F 02 
SO 0,000'i0 4)0  0,00000E 00 
S8 0,00000F 00 0,00000E 00 
S2 0.00000L CO 0,0o000E 00 
$LIQ 0,00000E 00 0,00000E 00 
MOLS U e 10MCOE 0,3n,f3E 03 
TEMP,DEGREEC - K= 0,29800E 03 
ENTHALPYJOTU/HR= ,067534E 03 

OUTLET REACTOR 1(9) 
MOLE FRAC. VOLES/HR 

H2 0,00000E 00 0000000E 00 
H2S 0.17567i 01 0.53333F 01 
H20 _01'311e1E 0_.94667E 02.  
N2 0.61954E CO 0.1£J7 10E 03 
02 0,00000 0.0e000E 00 
SO2 0.278?4F-J . _ 0.267E 01 
S6 0.14375F-01 0.4:1644E 01 
59 u.270521.-01 0.8n30E 01 
_S2 •0.11130E-3 0.33792E 01 
SLAG 0.00000E 00 0,0n000E 00 
MOLS 0,10000E n1 0.30361E 03 
TEMP/DEGrEri Kc 0.5.5549F 03 
ENTHALPY/tiTJ/Hka 0.11551E 07 



H2 
H25 
H20 
N2 
02 

--502- 

-1TMP/DEGgfES-K= 
ENTHALPYABTLYHR: 

56 0,42169 
50 0,20233C 
S2 -0,29457E 
SLIC) 0000000E 
MOLS 0,10000F 

OUTLET (46 CUND 
MOLE FRAC. 

0,000'0E 00 
0018324E....01 
0032524E 00 
0064623E 00 
0•00000F 00 
-o.  9101 02 

04 

u0 0,00000E 00 
01 0,29107E 03 
0,42222E 03 

Or048110F 06 

1(11) 
MOIFS/q1( 
00000E 00 
0052,333F 01 
0.94667E 02 
0$1710E 03 
0,0i,000: CO 
0,2667E 01 
0.12280E-.01 
0,51:4192E-01 
Co $5739F05 

H2 

GOND LIQ010.5ULFUR 
MOUE FRAC. 

0,00000E 
H25' 0.000001 00 
H20 0000000L 00 
N2 0,00000E 00 
02 -0-.00000r c0 
502 0000000U co 
56 0,00000E 0(.1 
58 -0,0000CL 00 
52 0•00000E 00 
SLID 0,10000E 01_ 
MOLS 0,10000E 01 

1(10) 
tTLEStiR 

0,0oc,,00f:; 00 
0,00000E 00 
0,00000E 00 
0,00n0oE CO 
000000E U0 
0,00000E 10 
0,00000E 00 
0,00000E CO 
0,0(:000E 00 
0.91413E 02 
0.91413E 02 

TEMP,DEGREES K= 0,42722E 03 
ENTHALPYAbTWHR=. -0,36757E 06 
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