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Abstract:
An attempt was made to minimize the air pollution and maximize the return of a Kraft recovery furnace
unit under various operating conditions. A mathematical model was set up by employing stoichiometry
and thermodynamics to determine the chemical and thermal performance as well as the annual profit
return from the Kraft recovery furnace unit. A computer program was written to calculate the factors of
interest.

The mathematical model developed to minimize odorous emission and maximize annual return in a
Kraft recovery furnace unit was tested on the tabulated data of G. N. Thoen and his co-workers (1). The
results indicated that emission of air pollutant and the annual return were dependent upon operating
conditions of the Kraft recovery furnace unit, and the factors such as excess oxygen and secondary air
affected both the odorous emission and the annual return from the Kraft recovery furnace unit.

The mathematical model was also used to calculate the heat used to produce steam, losses of material,
chemicals recovered, and annual return. 
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' ABSTRACT
An attempt was -made to minimize the air pollution and maximize 

the return of a Kraff recovery furnace unit under various operating 
conditions. A mathematical model-was set up by employing stoichiometry - 
and thermodynamics to determine the chemical and thermal performance' 
as well as the annual profit return from the Kraft recovery- furnace 
unit. A computer program was written to calculate the factors -of 
interest.

The mathematical model developed to minimize odorous emission 
and maximize annual return in a Kraft recovery furnace unit was tested 
on the tabulated data of G. N . .Thoen and his co-workers (l). The 
results indicated that emission of air pollutant and the annual return 
were dependent upon operating conditions of the Kraft .recovery furnace • 
unit,, and the factors such as excess oxygen and secondary air affected 
both the odorous emission and the annual return from the Kraft recovery 
furnace unit.

The mathematical model was also used to calculate the heat used 
to produce steam, losses of material, chemicals recovered, and.annual 
return.



INTRODUCTION

Over sixty percent of the United States'.supply of wood pulp is 

produced by the Kraft pulping process. But the process, especially 

the' Kraft recovery furnace unit, creates an air pollution problem by- 

discharging hydrogen sulfide, methyl mercaptan, sulfur dioxide, and 

other sulfur-containing gases into the atmosphere. In addition to the 

air pollution problem, it results in a, chemical and heat loss. Since 

the Kraft recovery furnace unit releases a large volume of odorous 

gases and fumes, scrubbing and furnace operations are very difficult.

The recovery cycle of the Kraft pulping process makes the process- 

profitable and also .creates an air pollution problem. The recovery 

cycle is shown in Figure I. In the Kraft pulping process, wood chips 

are cooked with a solution of caustic soda and. sodium sulfide to re­

move the lignin from the cellulose fibers. The pulp is fchen separated 

from the cooking solution or black liquor. The cooking chemicals in 

the black liquor are recovered to make the process economical and to 

solve the disposal problem?

During the recovery operation, weak black liquor is concentrated 
' . ' ' " ■ .

from approximately -InaJ0 .solids to about Q̂Pj0 solids in multiple effect 

evaporators. Further concentrating from 50% solids to rJOiJ0 solids is 

carried out in direct contact evaporators using, the hot flue gases of 

the recovery furnace. ' In .this operation, sodium sulfate is added to the 

strong black liquor making up for chemicals lost in the process.' The 

concentrated: black liquor is then burned in the.-recovery furnace to
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recover a portion of the heat by oxidation of the organic material 
and to recover chemicals in the form of molten salt. The molten salt 

consists of sodium carbonate and sodium sulfide and a minor amount of 

sodium sulfate. The recovered chemicals are then reused in the process

In order to solve this complex air pollution problem, a liter­

ature survey was first made to obtain all of the operating conditions 

that affect the release of odorous compounds.

Irwin B. Douglass made studies in the area of the emission 

sources (2). He discussed the chemistry involved in odor formation 

and in the destruction of malodorous compounds by burning, chlorination 

and treatment with ozone. He suggested that continuous monitoring of 

the stack gases for hydrogen sulfide would give the greatest promise 

for minimizing the emission of malodors.

Murray.an d 'Rayner (3) concluded that the direct contact evapor­

ator was a source of hydrogen sulfide atmospheric contamination'. ,They • 

found that emission of hydrogen sulfide in the stack gases of the Kraft 

recovery 'furnace unit was favored by high.concentration of sulfide ion 

and low pH level-in' the ilquor, and by low concentration of hydrogen 

sulfide in the flue gases entering the direct contact evaporator.

Hendrickson and Harding (h) pointed out that black liquor oxi­

dation reduced malodorous'gas emission of the Kraft recovery furnace. 

According to Landry and Logwell ($),the oxidation of black liquor 

prior to burning in the recovery furnace led to large reduction in



sulfur-containing gases discharged to the atmosphere and therefore 
improved the chemical recovery.

Thomas and his.co-workers (6) made an investigation into the 
understanding of the furnace operation from both a chemical and an 

engineering point of view. They were able to explain the pyrolysis and 

the combustion of black liquor.■ Although the explanation was made on 

an experiment conducted in a laboratory instead of in a Kraft recovery 

furnace itself, they suggested that the same mechanism actually occurred 

in the furnace. They proposed that the combustion of black liquor in 

the recovery furnace consisted of the following steps:

1. The concentrated black liquor was sprayed into the recovery 

furnace. Water in the black liquor was evaporated.

2. Then'the high temperature- in the recovery furnace caused 

the black.liquor'solids to pyrolyze. The products of pyrolysis of 

black liquor are low molecular weight hydrocarbons, ■ sulfur-containing 

compounds, and sodium-containing compounds.

3. Finally, the combustion of pyrolysis gases destroyed most

of the low molecular weight hydrocarbons and sulfur-containing compounds 

Incomplete combustion of pyrolysis gases caused a serious air pollution 

problem.

Thoen and his co-authors (l) investigated .odorous emission in the 

Kraft recovery furnace stack gases under various combustion conditions. 

They indicated that the operating conditions affecting the air ptillut-
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ant emission were excess oxygen, turbulence, percent of secondary air, 

and fineness of the black liquor spray. They also found that when the 

SO2 -HgO concentration was minimized, indicating sufficient oxygen and 

good-turbulence, the steam production was maximized for a given rate 

of feed.

' In this work, a mathematical model based on engineering prin­

ciples was developed to solve the air pollution problem economically. 

The mathematical model was used to find the best operating conditions 

for maximizing recovery of chemicals and heat, arid minimizing the 

cost for air pollution control.



RESEARCH OBJECTIVES

The main objective of this research project was to develop a 

technique in the form of a mathematical model to find the optimum 

operating conditions for air pollution control on Kraft recovery fur­

nace stack gases. Optimum operating conditions are those which give 

the minimum air pollution and the maximum chemical and heat recovery 

from the Kraft recovery furnace unit.

The most important consideration of this research project is to 

solve the complex' problems of heat and mass balance, 'and predict the ■ 

annual return from the Kraft recovery furnace unit for given operat­

ing conditions and, as a result, find the optimum operating conditions 

by utilizing available'data.



THEORY AND ASSUMPTION

The mathematical model developed to -optimize the Kraft recovery 

furnace unit operation relating to air pollution is based upon 

engineering principles, thermodynamics, and reasonable assumptions.

The mathematical model serves as a tool to find the best operating 

conditions for the Kraft recovery unit in. that it gives maximum annual 

return and minimum aif pollution. The model also enables us to analyze 

the performance of the Kraft recovery furnace unit.

Kraft Recovery Furnace Unit

The Kraft recovery furnace unit is shown schematically in- Figure 

2. The heat generated in the Kraft recovery furnace .is used for. the 

chemical reactions taking place in the furnace.and for'steam production. 

The chemicals recovered are reused in the Kraft pulping process. There­

fore, the function of Kraft recovery furnace units is to recover chemi­

cals and produce steam from black liquor.

During combustion of black liquor in the furnace, the water in 

the black liquor is evaporated and the carbonaceous matter formed in 

the process of cooking wood chips in the digester is.burned. The in­

organic chemicals in the black liquor are fused and the sodium sulfate 

in the presence of carbon and a reducing atmosphere is reduced to 

sodium sulfide. The recovered chemicals in the form of molten salt are- 

sodium carbonate, sodium sulfide, and a small -amount of sodium sulfate. 

The recovered chemicals are further processed in the caustizing process 

to produce white liquor (HaOH and Na^S).
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A large quantity of sodium compounds and sulfur compounds are 

lost in the stack gases leaving the Kraft recovery furnace unit. The 

loss of chemicals in the stack gases is not only costly but also 

creates an air pollution problem around the mill and the community.

In order to abate the air pollution from the Kraft recovery 

furnace economically, many operating conditions pertaining to air 

pollution are investigated to find how they affect the annual return. 

These operating conditions are the percent of secondary air, the per­

cent of excess oxygen in the stack gases, the exiting stack gas tem­

perature, the concentration of solids in black liquor entering the 

unit, the soot blowers, the oxidation of black liquor prior to recovery 

furnace, the fineness of spray of black liquor, and the overload con­

dition of the furnace.
D

Figure 3« Single Stage Optimization.

Single Stage Optimization

The technique used to optimize the operation of the Kraft recovery 

furnace unit as described above is a mathematical model of single stage 

optimization. The model is shown as a block diagram in Figure 3. The
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block represents the Kraft recovery furnace unit where-X is the input 

state, of the raw materials such as- the physical and chemical properties 

of black liquor and ambient air, Y denotes the output state of the 

products from the unit, (i.e., the physical and chemical properties of 

molten salts and stack gases), D represents the operating conditions 

of the unit, and R denotes the annual return from the unit at a given 

X, Y, and D. The optimum operating conditions are those that .giVe the 

maximum annual return R and. minimum.air pollution for a given input 

state X. A detailed discussion of this optimization model as applied 

to the Kraft recovery furnace unit is given below.

The input state X includes the properties of all raw materials 

entering the unit; namely, the temperature, the concentration, the 

elemental analysis of black liquor, the enthalpy of steam entering the 

direct contact liquor heater, the temperature and moisture content of. 

ambient air, and the properties of salt cake make-up mixed with the 

black liquor.

The output state Y is defined as the properties'of all the products 

formed in the Kraft recovery furnace unit. The products are steam, 

stack gases, fumes, and molten -salts. The output state Y together 

with the input state enable us to carry out calculations of mass .and 
heat balance at the particular operating condition'D..

The annual return is the difference between the total costs and 

the total profit from the products. The individual costs and profits

are listed below:
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Cost Terms Profit Terms

,1. Raw materials (black liquor and 
salt cake make-up)

I. Molten salts

2. Depreciation 2. Steam

3. Maintenance and engineering

4. Labor and labor benefits

5- Income tax and property tax

6. Loss of chemicals in the stack 
gases and fumes-

it is obvious•that the annual return depends largely on the

of the raw materials, the steam production, the yield of molten salts, 

and the loss of chemicals (air pollutants and particulate! matter) in 

the stack gases, since the other cost terms are fixed.

Mass Balance Calculations

By making a mass -"balance on the Kraft recovery furnace unit we 

can determine the quantity of each product leaving the unit. We car. 

then make a heat balance to determine the energy absorbed by the unit 
for producing steam.

In..these calculations we must know the loading -capacity of the 
)

furnace, the properties of black,liquor to the direct contact evapor­

ator, the molten salts leaving the unit, and" the excess oxygen in the 

stack gases .. For convenience of calculations, the "properties of black 

liquor to the direct contact evaporator are expressed in terms"of tem­

perature , solids concentration, composition in the form of an elemen­

tal analysis, and the properties of molten salts in terms of percentage
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of each component. The block diagram of the mass balance is shown 

in.Figure 4 below:

Stack gases and fumes

Black liquor
Kraft recovery 
furnace unit Ambient air

Molten salts

Figure 4. Block Diagram of Mass Balance for Kraft Recovery 
Furnace Unit.

Assuming complete combustion of black liquor in the Kraft re­

covery furnace, the gaseous products are sulfur dioxide, carbon dioxide, 

water vapor, excess oxygen, and inert oxygen. Making a mass balance 

with sodium as a basis, we can obtain the quantity of each component 

of molten salts leaving the unit. The difference between the sulfur 

in the black liquor and salt cake make-up, and the sulfur in the molten 

salt is equal to the sulfur leaving the unit as sulfur dioxide. The 

same method is applied to the carbon to find the carbon dioxide leaving 

the unit. The water in the black liquor and air are calculated respec­

tively by knowing the solids concentration of the black liquor and the 

moisture content in the air entering the unit. The water formed due to 

the complete combustion is found by making a mass balance on hydrogen.
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Oxygen and nitrogen in the stack gases are calculated by knowing the 

amount of air introduced into the unit.

Heat Balance Calculations

The net heat absorbed by the unit to produce steam can be esti 

mated by making a heat balance on the unit. The terms involved in 

the heat balance calculations are listed as follows:

Heat Input

Gross- heating value of black liquor

Sensible- heat of air introduced into the unit

Heat of the steam entering the direct contact evaporator

Sensible heat of the black liquor

Heat Losses

Heat lost in dry stack gases

Heat lost due to water in the stack gases -

Heat lost due to molten salts leaving the unit

Heat lost due to reduction of the salt cake make-up •

Heat lost due to chemical reaction correction

Heat lost due to radiation

Heat lost due to miscellaneous items.

' Since there is no accumulation of heat in the unit, the net heat ab­
sorbed for steam production is the difference between the total'heat 

input and the total heat loss.
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v. P. Owens (?) reported the gross heating values in the black . 

liquor in the United States range from 6080 Btu per lb dry solids to 

7145 Btu per lb solids. The normal figure is 6600 Btu per lb dry 

solids. The gross heating value of black liquor is main heat input 

to the unit.

The excess air at ambient air temperature enters the recovery 

furnace for the complete combustion of the black'liquor. It also 

serves as a heat sink because heat is lost due to the excess oxygen 

and nitrogen leaving the stack. ■ The heat lost due to water in the 

stack gases includes heat lost due to moisture in the air, heat lost 

due. to, water formed in combustion, and heat lost due to evaporation of 

water in the black liquor.

The molten salts, which consist of sodium sulfide, sodium carbon­

ate, and a small amount of sodium sulfate, leave the - unit at l400°F.

The heat lost due to the molten salts is made up of the beat of.fusion 

and the sensible heat of each component. The estimated value by Clement 

et al (8) i-s 532- Btu per lb, of molten salts.
’ • 1 ; . •

The salt cake make-up or sodium sulfate is reduced to sodium sul­

fide in' the presence of carbon in the. Kraft recovery furnace according 

to the reaction

NagSO^ + 2C ■ UagS + 2C0g
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The heat lost due to the reduction of salt cake is calculated from the

The heat lost due to radiation is estimated as one.percent-of- 

the total heat input to the unit. The heat lost due to miscellaneous 

items is estimated as 2.5 percent of the total heat input to the unit.

Since the gross heating values of the black liquor were measured 
in a bomb calorimeter and since the combustion of the black liquor in 
the Kraft recovery furnace is different, the gross heating values of the 
black liquor must be corrected. The actual reactions for the .combustion 

of the black liquor are very complicated. The heat lost due to re­

action is determined from the difference of the total heat of formation 

of .combustion products of the black liquor in the bomb calorimeter and 

the total heat of formation of combustion of the black liquor in the ■ 

Kraft recovery furnace. The combustion products of the black liquor 

for both the bomb calorimeter and the Kraft recovery furnace are listed 
below:

■ Products of Bomb Calorimeter Products of Kraft Recovery Furnace- 

.Gases: ' . .>:■ . Gases:

heat of formation of each of the chemicals in the reaction..

h CO,2 COg,CO

0. 02 2
SOg, CH 8H, HgS,and a
small amount of other- 
sulfur-containing gases
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Products of Bomb Calorimeter Products of Kraft Recovery Furnace

Salts: Salts:

W a ^ S O N a 0S

Inert ashes Inert ashes

The heat of formation of the carbon monoxide in the stack gases 

(due to incomplete combustion of black liquor in the Kraft recovery 

furnace) is given in units of Btu per lb carbon monoxide by the formula-

The numbers 28 and 44 are the molecular weights of CO and CO0, respec­
tively. CO and CO0 are percentages by volume of carbon monoxide and

• -x-
carbon dioxide in the flue gases. CO0 is carbon dioxide produced by 
complete combustion of black liquor in the recovery furnace. The same 

method is also applied to compute the heat loss due to the incomplete 

combustion of sulfur.

Loss of Sulfur in the Stack Gases

The sulfur loss in the process is always made up by adding sodium ■ 

sulfate to the black.liquor. Therefore, the loss of sulfur in the stack 

gases must be taken into consideration,. The sulfur loss in Ib-mioles 

per year is obtained by using the expression

H'fco

Lg = R •' i44o • 365 • (■
SOg + HgS + CH0SH

) . *  (■

I

359



where B is the flow rate of stack -gases in standard cubic feet per 

minutej and SO^5- HgS, and CH^SH are in parts, per million by volume 

in the stack gases. •
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COMPUTER PROGRAMMING

The purpose of the computer.program is to present a technique 

to carry out the tedious calculations involved in the minimization of 

air pollution from a Kraft recovery furnace. The computer program 

consists of a main program and four subroutines; The complete pro­

grams are included in Appendix B.

Main Program

The main program is shown in block diagram in Figure 5- This 

program calls subroutine DATA to read in all data required for the 

calculations; The mass balance calculations are carried out. by 

calling subroutine MASS. Subroutine HEAT is used to ma.ke the heat 

balance calculation. .Finally,' the.results 'bf calculations are ..printed 

out by calling subroutine OUTPUT.

The main program calculates the annual return from the results 

of mass and heat balance .'calculations. It also correlates the emission 

of major air pollutants (H^S, SO^, and CH^SH) to odor equivalent to 

hydrogen sulfide given by the formula

ODOR = PPMHS +■ PPMCHS * 0.004? / 0.0021 + PFMS02 *

o.oo4? / 0.4?

where ODOR denotes the odor equivalent.to hydrogen sulfide; PPMHS 

PPMCHS, and PFMS02 represent the ppm by volume of hydrogen sulfide,, 

methyl mercaptan., and sulfur dioxide, respectively. The correlation
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Enter

Call DATA to read all 
required data

Calculate annual return 
and equivalent odor

Call MASS to make mass 
balance calculations

Call HEAT to make heat 
balance calculations

Call OUTiAJT to print 
results of calculations

End

Figure 5• Block Diagram of Mainline Program.
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Subroutine MASS

All terms in'the subroutine MASS are calculated on the basis of 

100 pounds of dry black liquor solids. By using stoichiometric re­

lationships, subroutine MASS calculates the materials leaving-and 

.entering the Kraft recovery furnace for the given input state.

The sodium entering the unit in the form of black liquor must ■ 

be equal to the sodium leaving the unit in the form of fumes and molten 

salts. Hence, the elemental analysis of the black liquor and per­

centages (as sodium) of each chemical-in the molten salts can be used 

to compute the quantity of each chemical leaving the unit. On complete 

combustion of the black liquor in the Kraft recovery furnace, the 

gaseous products are sulfur dioxide, carbon dioxide, water, and a 

small amount of other sulfur-containing gases. The quantity of these 

gases for 100 pounds of black liquor (dry solids) can be calculated by 

making a mass balance on the Kraft recovery unit. For"example, the 

sulfur in the form of stack gases leaving the stack can be found by 

subtracting the total sulfur in the black liquor and salt cake make-up- 

entering the unit from the total sulfur in the molten salt and. fumes 

leaving the unit. The same method is applied to calculate .the carbon 

dioxide and water formed upon combustion of the black liquor.

The theoretical oxygen required for complete combustion of the 

black liquor is calculated from the difference of the oxygen output in 

the form of molten salts (Na^S, HagCO^, and Na^SO^) and stack gases



-21-

ana the oxygen input in the form of black liquor and salt cake make-up. 
Since we can find the percentage of excess' oxygen in the stack gases, by 

analysis, the actual amount of air entering the unit can then be cal­

culated.

The total water leaving the stack includes the water evaporated 

from the black liquor, the water introduced to the direct contact- 

liquor heater as steam, the water from the moisture in the air, and 

the water formed by combustion of the black liquor.

Subroutine HEAT

Subroutine HEAT is used in" the calculation of the net heat- avail­

able for producing steam In the Kraft recovery, furnace unit. ' From the 

results of this, the calculation of steam production can be carried- 

out in the main program.

The total heat entering the Kraft, recovery furnace unit is the 

sum of the gross heating vaHue- and the sensible heat of the black liquor 

the sensible heat in the air, and the heat in the steam entering- the 

direct'contact evaporator,. • ■

Heat lost'due to the water in the stack gases is calculated by 

.summing up heat.loss for evaporating the water in the black liquor and 

the sensible heat of water vapor, leaving the stack of thfe unit.

Heat lost due to the molten salts is calculated by the average 

heat of fusion and its sensible heat.
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Heat loss of. dry stack gases is the sensible heat carried out 

of the stack by excess oxygen, .nitrogen, sulfur dioxide,' and' carbon 

dioxide.

Finally, the net heat gained for producing steam is calculated 

by the difference between heat input and the total heat loss in the 

unit.
I

Subroutines DATA and OUTPUT *

Subroutine DATA reads in, according to a specified format, all 

the information required for the calculations in the mainline program.

Subroutine OUTPUT is called by the main program to print out 

all the results.



RESULTS AWD DISCUSSION

The results of calculations using the mathematical'model dis­

cussed in the previous sections indicates that it is possible to re­

late annual return to .the operating conditions and air pollution in 

the Kraft recovery furnace unit. The operating conditions or para­

meters that affect the annual return and air pollution are .investi­

gated by employing the computer program.

Temperature of Stack Gases - , ■

Figure 6 shows that the heat absorbed in the unit per 100 pounds 
of dry black liquor solids decreased as the- temperature of stack gases 

increased. Annual return thus decreased because of the reduction of 

heat available for steam production. Hence, the Kraft recovery fur­

nace unit would have much more steam production per pound of dry black 

liquor solids if the exit gas temperature were reduced.

Fume1 Emission
Fume, emission is the percentage of solids in the black liquor 

leaving the unit in the form of particulate' matter. Figure 7 shows 

that annual return drops drastically with an increase in fume emission. 

Fume'emission represents one of the losses of material because it car­

ries out sodium and sulfur compounds, to the atmosphere. Fume emission 

not only decreases the annual return but also causes smoke haze.

Emission of Sulfur-Containing 'Gases '

The major sulfur-containing gases are hydrogen sulfide,' sulfur 

dioxide, and methyl mercaptan. ' The sulfur in these gases leaving the
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Strong liquor to DCE at 45% black liquor solids

Figure 6. The Influence of the Temperature of Exit Cases 
on Annual Return.
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Fume emission ("( black liquor solids)

Figure 7• The Influence of the Emission of Fume on Annual 
Return.
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unit is made up by adding salt cake . (sodium sulfate). Figure 8 shows, 
that■annual return is decreased if the emission of these gases is 

increased. The emission of sulfur-containing gases represents a loss 

of material and an air pollution problem.

Solid Concentration of Black Liquor to the Unit

Figure 9 shows that as the percentage of solids in the black 

liquor is increased, the annual return from the unit is also Increased. 

The heat required to evaporate the water in the' black liquor and the 

heat carried out by the water vapor are not' available to produce steam. 

The annual return from the unit can be increased by increasing solid 

concentration of the black liquor.

Percentage of Secondary Air'to the Furnace

Figure 10 ..shows that heat for steam production per 100 pounds-of 

black liquor solids is increased by increasing the percentage of second 

ary air -- the turbulence of air making the combustion of black liquor 

.more complete. Sufficient oxygen indicated by the percent of excess 

oxygen in the stack gases also indicates good combustion in the furnace 

Efficient combustion in the furnace leads to high heat recovery and low 

sulfur losses-. The annual return is favored under conditions of high 

percentage of secondary air and excess oxygen. (See Figures 11 and 12)

Emission of Hydrogen Sulfide

In a good combustion atmosphere most of the hydrogen sulfide is 

oxidized to sulfur dioxide. The concentration of hydrogen sulfide in



-27-

W
H-

5

.Cb
U

I
IOC

(H2S + SO2 + CH3SH) PFM

Figure 8. 7he effect of Three Sulfur-Containing Cases on 
Annual Return.
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Concentration of black liquor soli us to 
recovery furnace unit (<% solids)

Figure 9- The Effect of the Black Liquor Concentra­
tion on Annual Return and Available Heat.
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Percent of secondary air (%) 

indicating % of excess oxygen in stack

Figure 10. The Influence of Percent of Excess 
Oxygen on Available Heat.
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11. The Effect of the Secondary Air on 
Annual Return.
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secondary air
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Figure 12. The Effect of Excess Oxygen on Annual 
Return.
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the stack gases indicates whether the combustion in the recovery furnace 

is good or poor. Figure 13 shows that the annual return'is high for 

low concentrations of hydrogen sulfide in the stack gases.

Velocity, of Secondary Air

Comparing Table I and Table II, we find that the-velocity of the 

secondary air entering the furnace affects the annual return and the 

air pollution. A. high secondary air velocity provides turbulence in 

the recovery furnace and hence increases the■ efficiency of combustion 

of black liquor. On efficient combustion of black liquor,. the sulfur 

loss from the exit- gas is reduced and the heat recovery is increased.

It is postulated that the fume emission is a function of secondary 

air velocity since particulate matter leaving the furnace depends on 

the velocity of gases in the furnace. Therefore, secondary air can 

be used to minimize air pollution and maximize annual return.

Soot Blowers
c

When the furnace is operating under.poor combustion conditions, 

soot blowers can be used to reduce air pollution and to increase 

annual return as. indicated in Table III and Table IV. The soot blowers 

provide additional.turbulence in the combustion zone,

Black Liquor Spray

Tables VI- and VII show that a coarse spray of black liquor has 

the advantages of reducing air pollution and increasing annual return 

for both the oxidized-and unoxidized liquor. When a fine apray is used, 

the air pollution is increased because of entrainment of a small amount
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excess oxygen in stack
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Concentration of hydrogen sulfide 
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figure 13. The Effect of Concentration of Hydrogen 
Sulfide on Annual Return.



of black liquor in the-upper part of the recovery furnace where burn­

ing is poor.

Oxidation of Black Liquor

Table XV and Table XVI indicate the difference between unoxidized 

liquor and oxidized liquor. ■ The oxidized liquor appears to be more- 
favorable than the unoxidized liquor.

-3'’+-
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Figure l4. The Effect of Odor Equivalent to Hydrogen Sulfide on Annual Return.



CONCLUSIONS

1. The mathematical model can give annual return and odor 

equivalent to hydrogen sulfide with given'operating conditions.

2. The complicated air pollution problem of a Kraft recovery 

furnace unit can be effectively optimized by the mathematical model 

with monitored data obtained on analysis equipment at various oper­

ating conditions.

3. The mathematical model along with the computer.program can 

help obtain a better understanding of how the operating conditions 

affect the annual return and air pollution.

■ c
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APPENDIX A

ODOR THRESHOLD FOR AIR POLLUTANTS OF A KRAFT MILL

Chemical 

Hydrogen Sulfide 

Methyl Mercaptan 

Sulfur Dioxide

Odor Threshold 

0.064? ppm 
0.0021 ppm 
0.4? ppm

Description of-'Odor 

Boiled egg 

Sulfidy, pungent 

Oppressive

The above data are from Reference (9).
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APPENDIX B

MAIN PROGRAM AND SUBROUTINES



.C-
C

MAIN PROGRAMI
?
3
4"
5
6 
7 
S' 
9' 
IO 
U- 
12 
13 
U
15
16 
17

?Q
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

0C8MM9N TAX,CSTfCMAINT,CNAS,CNAC9,CNAS9,CLAB8R,HST,XN4S,XNAS8; 
IXNACn,XNA,XC,XH,XS,XO,XINFRT,SC,SBLRfTBLR,TA,RHfSLBTU,FUME,SBLI,
PTRL I,S8LE,TBIE,TSTACk U  ITLEU TITLES,TITLES,TITLE4,TITLES,TITLE6, 
'SCAP,PERCAP,RATE,PPMSBg,PPMHSiPPMCHS,PERC92,PERCQ,EX9XY,T0TNA,
• 4 WT N AS , WTNAS8, WTN A CO, SALT ,.PCD I OX, PHft, PS8, ACTA IR, HS END, AIR, ANA, SAI R, 
5 E X A IR , H N E T , R E T U N , Q D 6 R , 0 T H, A H O 

C READ INPUT DATA
900 CALL DATA

IF(CAP.EQ,0»0) GD TB 600
C '
C ' CALL SUBROUTINE MASS TB MAKE MASS BANiLANCE CALCULATIONS 

CALL MASS
C ■ CALL SUBROUTINE HEAT TB MAKE HEAT BANLANCF. C.ALCULAT IBNS 

CALL HEAT
C CALCULATE DEPRECIATION OVER FEN YEAR PERIBD

DEP = CST/10,
C . '
C ■ CALCULATE ANNUAL RETURN .C 1ST TERM « PROFIT OF MOLTEN SALT AND FUME LOSS, 2ND TERM * PROFIT
C OF- STFAM ASSUMIMING 50 CfNTS PER 1000 LB STEAM
C 3RD DEPRECIATION,4TH SALT CAKE MAKE UP, 5TH Ma INTAINACE COST,
C 6TH PROPERTIES TAX TEN PERCENT, 7TH BLACK U Q L 1BR COST, 8TH LABOR
C OTH MATERIAL LOSS DUE TB H2S, S02, AND CH3SH %N THE STACK..GASES

RFTUN - ( WTNAS * CNAS/20Q0*+ WTNACO f CNACB /1.0GUWTNAS0 CrVAS9/ 
12000.)*( I." "FUME)* CAP' * PERCAP * 365, /100, + ( HNET/U/UU) * 
2(0.5 /1000».) * CAP -*• PERCAp * 365V l 00» r rjF.P -VC - CMaSB *CAp * 
3PFRGAP * 265,/;100* *2030.). CMAlNl , O V  *CST 
4*((XS * 142'/32V* CNAS0/2000* + (XNA - (XS*l&2,/32')*2, *23,/142. 
5)*(106./(2r*23,))*CNACO/100.) * CAP * PERCAP * 365,/100,
6-CLABORr (RATE *(PPMHS + PPMS02 + PPMCHS)/!.OE 06)*1440.*365,/ 
7359, *142, * CNASO/2000*

C IF RETURN IS NEGATIVE THEN NB INCOME TAX
IF ( RETUN *LE, 0*0) GO TO 750 
RETUN = X I, - TAX) * 'RETUn

C ' CBRRELlTE ALL AlP POLLUTANTS TO EQUIVALENT ODOR STRENGTH OF H2S



38
39
40
41
42
43

•750 SDQR s PPMHS * PRMCHS * 0*0047/0,0021 + PPMS02  ̂ 0*0047/0*47 
C CALL SUBROUTINE OUTPUT TB PRINT BUT ALL RESULTS OF CALCULATION 

CALL o u t p u t "' Ge TQ 900 
600 CALL EXIT

end

+rH
I

C



SUBROUTINE DATA
.0C8MM9N T4X,CST,CMAINT,CNAs,CNAC84CNAS8,CLAB8R,HST,XNAS,XNASe, 
1XNAC8,XN4,XC;XH)XS,Xe,XINERT,SC,SBLR,T8LR,TA,RH,BLBTUfFUMEfSSLI, 
ETBLI.'SBLE,TBLE,TSTACK,TITLE1'TITLE2;TITLE3,TITLE4,TITLES,TITLE6, 
3CAP/PERCAP,PATE,PPMS0S,PPMHSiPPMCHS,PERCes,PERC8,EXeXY,T0TNA,• 4-WIN AS,- WTNAS8,WTNACO, SALT-, PCD IGXi PHG, PSQ, ACTA IR/HGEND, AIR, ANA, GA IR, 
SEXAIRiHNETiRETUNiGDBRiQTM,AHG 

490 READ (.105,300) TITLE1, TITLES,TITLES,TITLE4, TITLES, TITLE6 READ (105,105) CAP, PERCAP., RATE ' '
- IF (CAP .EG* 0,0> Ge TO 800

READ (105, 105) TAXiCSJiCMa INTiCNAS,CNACBiCNASB,CLABGR 
. ENTHALPY OF STEAM TO DIRECT CONTACT LIGUGR HEATER 
Rf-'A D (105, 104) HST. COMPOSITION OF SMELT (PERCENT WEIGHT AS SBDI-UM)

■ READ (105, 105) XNAS, XNAgB, XNACB 
 ̂ data BF-e l e m e n t a l 'LIQUBR ANALYSIS'
READ / 105, 105) XNA; XC-, XHfXSf XGf XINERT
the salt CAKE ADDED TB"RF PER IQOLB BF BL SBLID
READ (105f 104) SC - ^
COMP AND TEMP OF LIQUOR ASPIRED IN RECOVERY FURNACE 
READ ( 105, 105) SBLRfTBLR'
t e m p e r a t u r e AND m o i s t u r e in a m b i e n t AIR
READ (105, 105) TA, RH '
GROSS LIQUOR HEATING VALUf PER POUND BL SOLID 
READ- (105, 106) BLBTU '
LOSS OF FUME 

o READ (105/. 104) FUME 
TEMP AND CBMP-QF BL TO DCf -AND FROM DCE 
READdOSf 105) SELL, TBLI, SBLE, TBLE 
TEMP OF STACK 
READdOB, I CS) TSTACK-.
READ (105, 1.05-) PPMS02, PPMHS, PPMCHSf PERC82, PERCOf EXBXY



33 30034 • 111
35 10436 I CS
37 . 106
38.- 80039

Fo r m a t (6A4)' FBRMAK iOX, 5F20,
F9RMA7(3F10=0)
FBRMA-T (7F10,0)
F B R M AT(SFlOib)
RETURN
END

3) ■

C -E
i%
-



12 
3 
4.
5 •
6 
7, 
S 
9

SUBROUTINE MASS 
C 
C

.Oc b m m q n t a x ,c s t ,c m a i n t ,c n a s /c n a c o ,c n a s s,c u a b o r ,h s t ,x n a s,x n a s o.- 
iXNACBfXNA,XC,XH,XS,Xe,XINERT,SC,SBLR,TBLRfTAf RH,BLBTU,FUME,SBLi, 
BTBLI f SBLE, TBLE, TSTACK, T I Tl-El, TITLEB, T I TLESfTI TLE4, TITLES, TITLES, ■ 
3CAP, PERC AR, RATE/PPMSd?, PFMH-Sf PPMCHSf PERCBPf PERCQf EXeXY,T3TMAf 
4WTNAS,WTNASB,^TNACB,SALT,PCOIBX,PHO,PS9>ACTAIR,HGEND/AIR,ANA,BAIR, EEXAIRfHNETfRETUN/ODQR/GTh ,AH9 " ..

10 C
11 C
12 C TOTAL SODIUM IN FURNACE
13 TQTNA = XNA + SC -* 46,/142,'14 ' C ■ WEIGHT SE CHEMICALS IN MQLTEN SALT
15 WTNAS =(XNAS *. TGTNA * 78./(2, * 23,))/100*.16 - WTNASO =(XNASB * TBTNA *142,/(2, * 23,))/l00,
17 WTNACB =(XNACQ * TBTNA * 106*/(2, * 23,))/100,
18 ■ C SULFUR in MOLTEN salt
19 sms =? WTX1AS * 32,/78, + WTNASB * 32o/142«
20 - C _ SULFUR IN STACK GASES
21 ' SG = XS + SC * 32,/142s " SMS22 c. MSLTEM SALT ERGM RF UNIT ■■
.23 SALT = (WTNAS + WTNASQ + WTNACB + XJNERT) * (1=
24 C ■ PRODUCT BF .IDEAL COMBUST IBN--
SE PCOIQX (XC » WTNACB * 12,/106,) * 44,/12°26 C WATER FORMED
27 PHB = XH * 18#/2, '
2 S C SULFUP DIOXIDE FORMED
-2.9 PSS = SG 4- 64-?/32e -V
30 ■ C "THEORETICAL- GXYGEK FQR IQ-AL CBMSUSTIBN
31. QTH ? PCDIBX/-* 32, ./44« + PHG * 16« /18, + PSQ
32 IWJNASB * 64«/142» ■+ WTNACQ *48« '/106'»  ̂ SC * 64
33 ■ c' THEORETICAL DRY AIR TQ AJR HEATER AND WINDBQXfCS
34 ■ ATH = QTH /0,2-3235 ' C

FUME)

32»/63 »7 - +
/42,  ̂ XB

-R
R-



36
37
38
3.9 '
40
41
42
43'.
4.4
45
4.6
47
48
49 
-50 •
51
52 
53" 
'54 
55-

ACTAlR = ATH
ICO ACTAlR ■ ACTAIR + 0,01 * ATH 

C MB TSTURE IN AIR TB AIR HEATER AND WINDBGXES
AHB ACTAIR' * RH.

C w a t e r l e a v i n g UNIT
HPENDi = 100» * UOOo -O SBLI )/SBLl + 100, * ((100, SBLR)/SBLR 
I»(100, -SBLE)/SBLE.) + PHB +jAHG

C DRY A I R . TB THE UNIT
■AIR s ACTAIR •'* ( U  r, RH)C NITROGEN IN AIR
ANA "' AIR * 0*786 

' C BXYGEN IN AIR
BAI-R = '-"O»232 * AIR
CALBXY a (BAIR * BfH) * 100»/(PCDIBX + HQEND +-PSG + ANA +'BAIR * 

■ I O T H )• IF(CALGXY*LE*EXGXY) GB TB . 100
C CALCULATE PERCENT BF EXCESS AIR

-EXAIR s.lOO* * AIR / ATH . . 100,
RETURN
END



1
2 C
3 •
4 ■
5
6
7 .
8
9 C-
IQ C
u : C
i a
13 .
14 -
15 " C
16 C
17 '
18 C
19
20
21
22 C
23 ■ C

-24 "
■25- C
26
Tl ■ C
SB
29 ' C
30
31 C

SUBROUTINE HEAT
OfftMMON TAX,CST,CMA I NT, GNAS, C.NAC8, CNAS0, CLAB8R, HST , XNAS> XNASB, 
1XNAC0,XNA',XCfXHfXS,X8,X I NrRT,SC,SBLR,TBLR,TA,RH,BLBTU,FUME,SBL!,
PTBLI,SBLEfTBLE,TSTACK>TITLE1''TITLE2,TITLES,TITLE4,TITLE5,TITLE6,
PfAP,PERCAR,RATE,PPMS82,PPMHS,PPMCHs,RERCe2,PERC8,EXGXY,T9TNA,
4-WTNAS,WTNASS/WJNACBf SALT,PCQI8X,PHSfPSSfACTAIR,HGENDfAIRf ANA,SAIR,
SEXAIRfHNETfRETUN,SDSR,GTH,AHG
CALCULATION GF HEAT BANLANCES 
CALCULATION OF HEAT INPUT
HIN = BLBTU * 100« + (lOOe. »■ SBLI)*100« *< TBLl - TA )/SBLI 
1+ IOOe *0,45 * (TBLI " 'TA' ) + HST *100» *( (100«. * SBLE) /SBLE -(
2100*' - SPUR J-/SBLR)
CALCULATION:6F HEAT LOSSES 
WCAT LOSS IN STACK GASES
HSTACK '= ( GAIR » QTH + AMA +PSO + PCDISX ) * 0,24 * (TSTACK.* TA 5 
HEAT LOSS OF WATER IN STACK" ^
WHS F (AMP.* O «48 *( TSTACK - TA')) <- PH0 * (1040, + 0«48 * T
!(TSTACK *TA )). +-'(100,*(l00« rSBLI)/SBLI+100,*((100«,SBLR)/
2S8LR " (100.-SBLE)/SBLE))* (1040. + Q,.48* (TSJACK * TA ))
HEAT LGSS .IN MOLTEN SALT

. 532 BTU IS THE HEAT .REQUIRED' TO MELT I LB OF SALT 
HSALT >. 532« * SALT
REDUCTION.OF SALT CAKF MAKE UP,■3000« BTU/LB NA2S84 
HSC - 3000» * SCCALCULATION OF RADIACTION LOSS ASSUMING GNE PERCENT OF HEAT INPUT 
HR *' HIN-* OtOl ' - .
UNACCOUNTED F3R AND MANUFACTURERS MARGIN FOR 2*5 PERCENT 
HUMM = WIN * 0*025 .



WcAT BF REACTION C O R R E C T ! BN' ''
FOR BBMG C A L O R I M E T E R  
DNASO.= XS * 142,/32.,
DNACD = ( XNA " DNASB *'2, * 23* / 142,) * 106*/(2, * 23»)
DCGZ s (XC - D N A C B  * 12*/106,)* 44,/12,
DHO = XH * 18*016/2,016 '
HREA = DC92 * 3847, + DHg.  ̂ 6832«'. + .DNACO * 4577* * DNASS *4190 
lTPCDIRX*3847,* FERC02/( PERCG + PERC02 ') "
2rPCDieXM245,* PERCG/( PERCO + PERC02') I 28,/44,3 “ FSB * 1935, * P P M S S2/ ("PPMHS 4- PPHSfl? + PPMrHS ) 4 , P s e * 2 5 2 , * ( 3 4 , / 6 4 , ) « p P M H s / ( p P M H S + P P M S G 2 + P P M C H S )
5- PS0*S6»*(48f/64,)*PPMCH$/(PPMHS+PPMS02+PPMCHs)
6- WTNACP*4577,*207C**(XNA -WTNACO*2.*23,/106«)*78,/(2,*23«)
7*PH0*683R* " WTNASO * 4190* 'NET HEAT REC O V E R E D
HNET = HIN V HSf A C K  ^ H HG , HSALT ” HSC * HR ? HUMM ^ HREA 
RETURN
■ END



I
S
3
4
5
6
7
■8
Q

12.
13
14

.17
IS
19
20 
21' 
22
23
24
25
26
27
28
29
30

C

C

SUBROUTINE OUTPUT

OCGMMON TAX)CST/C M M  NT)CNAS-I CNACe>CNAS0*CLABBR,HST/XNASiXNASe*- ■iXNAC8,XNA,XC,XH,Xs,XQ,XINERT'SC,S^LR,TBLRj TA,RH,BLBTU,FUMEj SBI T, ' 
2T8l IjSBLEjTBLEjTSTACKjT.ITLE1j TITLE2j.TITLE3jTITLE4j TI TLEBj TITLE6j 
3CAPjPERCAPj RATE/PPMSBSj PPMHSjPPMCHSjPERCO2,PERCBjEXBXY,TBTNAj 
4WTNAS, WTNASB, WTNACO, SALt, PCD 19X, PHBj.PSO, ACTA IR,.HOEND, AIR, ANAj BAIR * 
5EXAIRjHNET,RETUNjBD9R,BTHjAHB ' "

'LE5,TITLE6
HR I TE(108,200) .200 FBRMATUHIjTEB/!RESULTS OF CALCULATION'/)
WRITE { 108/3.01) TITLE I/TITLES j T I-TLESj T ITLEAj TI 

301 FBRMAT(T25j6A4/)
WRITE (108,201) CAP

201 FBRMAT (125/ ? CAPACi TY QF R F U F l B fiQ/ ’ LBS BL SBLID WRITE (108/202) PPMHSjPPMCHS/PPMSBE '
202 FORMAT (J2Bj ' EMI SS IBN QF AIR POLLUTANTS'* /T25, ' H2S U  F6.» 2,'t

IAXj ,CH3'SH,jF6.2j PRM ' j AXj ' S82 » j F6«2j' ' PPM'/)

PER DAY'/) 
PPM' ,

WRITE (.108,203) BDBR '
203 FBRMATfTSSj'BDBR EQ H2S ',PS®4/' PPM'/)

WRITE!108/204) XNASj XNAS9, XNAC9
204 FORMAT (T25, 'COMPOSITION GF SMELT 'IN WEIGHT PERCENT AS SODIUM'/

IT25, 'NA2S' jF8,2j8X/ 'NA2S34 ' jF8'*2/8Xj ' NA2C83 ' /F8»2 )WRITE (108, .249) CNAS/ CN-ASB, CNACB 
249 FORMAT- ( T25, 4X , FS ? 2, ' $/T8N < , 8 X j FS»2, ' S/TBN ' , SX j F 8 -> 2, ? »/i OO I B-S'

I/)
WRITE (108,205) XNAj XC,XH, XS, XB, XINERT - 

205 FORMAT (125,(ELEMENTAL BLLIQUBR ANALYSIS'/;25,'NA'j?8,2j5X,'
»r ijF8.2,5X,'H',F8<2,5X,'S',F8,2,5X,'6'jF8,2,5Xj'INERT',F8,2/)

206
WRITE1108,206) SC

IIl0Rlb'
i' - -

BL SOLID?/)

-9
+?
™



33
34
35.
36
37
38
39
40 
41.
42
43 
■44.
45
46
47
48
49
50
51

11:
•54
55-

207 FORMAT(125^1STRSMG LIQUOR TO DCE ATt,F5,0,< F AND(,F6,2, 
1/138,-'FROM' DCE ATUF5,0'i F AND',F6,2, ' PERCENT*/
2T38^’IN THE'RF . AT',F5'&,I F ANDt,F6,2,* PERCENT'/)
■ WRITE!108,208) TSTACK .

208 FORMAT (T25/? 'STACK GAS LEAVING DCE AT',F5,0,' F V)
■ ■ WRITE(108*2095 TA,RH

209 FORMAT(T?5,'AMBIENT A IR'TEMP»,F5«0,t F';8X,'MolSTURE IN 
'1F6.3, » LB/LB AIR'/)

WRITE '(108,210) SLBTU •210 FORMAT(T25,'GROSS LIQUOR HEATING VALUE',F12 q 2,' BTU PER 
1/5WRITE (108,211) FUME

211 FORMAT (T25,''LOSS -EF FUME»,Fl0o3, » PER L8 OF Bl SOLID'/)
-WRiTE(108,214)EX0XY

p 14 FORMAT (T25,'EXCESS 02 IN STACK', F5?2, ' PERCENT')WRITE (108/212) ACTA1R, .'EXAIR -
21? FORMAT! T25, ' AIR TB RF UFiQeS/ ' LBS PER 100 LB BL SOLID', 

I 'EXCESS A!R>',F6«2, ' PERCENT'/) .
WR I TE(108,213) HNET,  RETUN

?13 FORMAT(T25i'NET HEAT RECOVERED',F15,O,' BTU PER 100 LB B 1T25,'RETURN FROM- THE RF UNlT',F20*0, ' $/YEAR'/)
RETURN
end

' PERCENT'

AIR ',

LB SOLID'

4X,

SOLID.'/

~6
i(
~
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APPENDIX C. 

RESULTS OF CALCULATION



Table I. Results of calculation,
■h5 FT/SEC FBR SEC AIR .■
CAPACITY BF RF 2400000« LBS BL' SBLID PER DAY
EMISSION'OF AIR POLLUTANTS
H2S 84,50 PPM ' CH3SH 12»40 PPM 302 47«iO PPM .'
SDBR EQ H25 112*7234 PPM ■ ' ' . '
C0MP0SITI0N BF SMELT IN!-WEIGHT PERCENT AS SODIUM
NA2-S 28*50 NA2S0 4 ■ 1*50 - NA-2C03 70»00

. 126*75 $/T8N 24*50 $/TGN : 2*50 4/100 LBS
ELEMENTAL BI. LIQUOR ANALYSIS '
NA 18*30 C 42*60 H 3*60 . S 3*6o O 31*70 INERT
SALT CAKF MAKEUP 4*1700 LB PER 100 LB BL SOLID -
STRONG 'LIQUBR- TO DCE AT 180« F' AND 50*00 PERCENT 

' FROM DCE AT ISO* P AND 64*00 PERCENT 
IN THE RF AT 220* F AND 62*80 PERCENT-

STACK GAS LEAVING DCE.AT 180» F
AMBIENT AIR TEMP 80* F MOISTURE IN AIR 0*013 LB/LB AIR
GROSS LIQUOR HEATING VALUr 6600*00 Bt1J PER LB SOLID •
LOSS BF FUME - 0*0l0 pLR LB BF BL SOLID .
EXCESS '02 IN STACK I»40 pERCENT ■AIR.TB RF 526,20 LBS pER 100 LB BL SOLID EXCESS AiR 9*56 PERCENT
NET MEAt RECBVERED 417246 ,  BTU PER 100 LB-BL SOLID .
RETURN FROM THE RF UNI T 241078* S/YEAR



...Table .1.1. .Results of, calculation- 
ISO FT/SEC AT SEC AIR . . . .  .
CAPACITY OF RF . 2400000, LBS " BL "SOLID PER DAY
EMISSION OF AIR POLLUTANTS
HFS 0*01 PPM CH3SH O »00 PPM ' ' SO2 6*20 PPM
ODOR EQ HP-S 0,0140 PpM
.COMPOSITION OF SMe U  IN WEIGHT PERCENT AS SODIUM 
NAPS' 28.50 ; ■ NA2S04 I *5q NA2CR3 70*00

. 126,75 $/T8N 24,§0 $./T0N 2,Bo $/100 LBS
e l e m e n t a l bl l i q u o r a n a l y s i s /  ■
NA. 18*30 C 42,60 ' H 3*60 S 3*60 O 31*70 INERT
SALT CAKE MAKEUP 4*1700 LB PER 100 LB BL SOLID
STRING LIQUOR TQ DCE AT 180' F AND 50*00 PERCENT

. FROM DCE AT 180' F AND '64*00 PERCENT 
.. IN THE RF. AT 220* F AND 62*80 PERCENT

STACK GAS LEAVING DCE AT 180* F ,
AMBIENT Al R TEMP 80* F- MOISTURE IN AIR 0,013 L B'/L 6 AlR
GROSS LIQUOR HEATING VALUE. 66-00*00 BTU PER LB SOLID
■LOSS- OF FUME . ' -Q-OlO PFR LB GF BL SOLID
EXCESS 82 IN STACK 1,40 PERCENT - .
AIR' TQ RF  ̂ 526*20 LBS PER 100 LB BL SGL ID." EXCESS AIR 9*56 PERCENT
NET HEAT RECOVERED 418258* BTU-pER 100 LB BL SOLID
RETURN E-EiHM THE RF UNIT 2869 5 4 ,  4/YEAR .

0,20 -52-



Table IJI. Results of calculation.PSSR CSMB' SGBTBLSWCR QFF .
CAPACITY GF RF 2400000« LBS ' B'L SBLID PER DAY
EMISSION GF air p o l l u t a n t s
H2S 56,40 PPM CH3SH ■ 7 «96 PPM SB2- 57,20 PPM 
GDGR. EQ H2S 74,7872. PPM
CGMpesiTIPN BF SMELT'IN WE j qh f PERCENT AS SBDIUM
naps 2 8,5 0 ■ NA2S04 ' 1,50 NAecos 70,00

126*7.5 $/T0N "■ '24*50 $/T8N - - 2,50 $/100 LBS
ELEMENTAL BL LIQUOR ANALYSIS'
NA 18* Sq C 42*60 , H 3*60. S ■ 3*6o 9 31*70. INERT
SALT CAKE MAKEUP 4*1700 LB PER I00 LB BL SQLlD ' '
STRSNG LIQUGR TB DCE AT l8o* F AMD 50*00 PERCENT 

FRGM'DCE AT 180« F AND 64,00 PERCENT'
■: ■ IN THE RF AT 220' F AND 62,80 PERCENT

STACK GAS LEAVING DCE AT 180« F
AMB IENT AIR TEMP 80* F , MOI STUR E IN AIR 0*013 LB/LB AIR :
GROSS LIQUGR. HEATING VALUE 6600*00 BTU PER LB SBLID '
LOSS OF FUME ' 0*010 PER LB OF BL SOLID " . '
EXCESS 82 IN STACK 1*40.pERCENT
ATR TB Rf 526,20 LBS PER 100 LB BL SGLID . EXCESS AlR 9,56 PERCENT'
NET HEAT..-RECOVERED 402415 ,  BJU PER IOC LB BL SOLID
RETURN FRGM THE RF UNIT 2195 9 8 ,  S /YE A f

0*20



fable, JLVr „ Re suits of -calculation. ■ '
P99R CBMB S6QTBL8WERS 8N
CAPACITY BF RF ' 2400000, LBS ' BL SQL1ID PER DAY . .
EMISSION BF AIR POLLUTANTS ' . . ; "
H2S 12»60 PPM CH3SH. 0,74 PPM ■ SQ2 53,00 PPM \ ■ '

' : . . : j . .
BDGR EQ H2S■ 14,7862 PPM ■
CBMPQS !.TI QN BR SMELT IN WRlGHT PERCENT AS SBDIUM .
NA2S 28,50 ■ NAgSBA I,50 NA2C93 70,001.26,75 s/TBN 24,50 ^/TBN ' 2,SQ 4/100 LBS
ELEMENTAL BL LIQUSR ANALYSIS ' . '
NA ' 18,30 : C . 42*60 H 3,60 ; S 3«60 3 31.70 INERT 0*20
SALT CAKE MAKEUP 4*1700 LB PER IOO LB-BL SBLlD
STRONG LIQUOR TO DCE AT 'ISn* F AND 50*00 PERCENT

.FRBM DCE AT ISO® F AND 64*00 PERCENT . -
IN THF RF AT 220' F AND 62,BQ PERCENT . '

STACK GAS LEAVING DCE AT 180* F ''
AMBIENT AIR TEMP 80* F MOISTURE IN AIR 0*013 LB/LB AIR -T
.GROSS LIQUOR HEATING VALUE 6600*00 DTU PER .LB SQLID ;
LOSS OF FUME 0*010 PER LB OF BL SOLID
EXCESS 62 IN STACK 1*40 PERCENT
AIR TO RF 526*20 LBS PER' 100 LB BL SOLID EXCESS AIR 9*56 PERCENT
NET HEAT RECOVERED 402954« BTU PER 100 LD' BL SOLID
RETURN FROM THE RF- UNIT 237504,- 4/YEAR



qaeo cetMB Sq b t b l b w e r s bn

CApACITY BF RF 2400000* LBS BL SQUID PER DAY
EMISSIBN BF AI'R POLLUTANTS
H2S 0*00 PPM 'CH3SH 0*00 PPM ' SQ2 0*04 PPM 
-ODOR EQ HSS ■ 0*0004 PPM .
COMPOSITION BF SMELT IN We IGH f PERCENT AS SODIUM ■
NA2S 28.50 NA2S84 I^So ' : NA2C93- 70*00

■■■ . 126,75 $/TBN 24.50 $/T8N ■ 2,50 $/100 LBS
ELEMENTAL BL LIQUOR ANALYSIS ■ ''
NA 18.30 C ' 42.60 H 3.60 S 3,60- _ B 31 *7.0 INERT
SALT CAKE MAKEUP ■ 4*.l7oO LB PER IoO LB BL SBLlD
ST-RQNO LIQUBR TB DCE AT ISq • F AND 50*00 PERCENT 

FRQM DCE AT '180' F AND- 64»OO PERCENT 
IN THE RF 'AT 220« F AND 62*80 PERCENT .

STACK GAS LEAVING DCE AT 180* F
'a m b i e n t air TEMP. 80« F MB IST1JRE IM AIR . 0*013 LB/LB AlR
GROSS LIQUOR HEATING VALUE 6600*00 GTU PER LS SBLID
LOSS BF FUME QO l O  PER LB BF BL SBLlD 
EXCESS 82 IN STACK 2*60 PERCENT
AIR TB RF 568*87 LBS- PER 100 L-S BL SOLID EXCESS AIR 18,44 PERCENT

.,Table V. Results of calculation.

•MET HEAT RECOVERED 4 ,7 2 9 5 *  BTU PER 100 LB BL SOLID
RF TURN--FROM THE RF UNIT 2 3 5 167* 3/YEAR

0*20
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UN9X LQ FINE SPRAY
'CAd ACITY' 9F RF 2400000, LBS BL SOLID PER DAY
EMISSION OF AIR p o l l u t a n t s
HES .2,40 PPM CH3SH ' 0'12 PPM 882 '10,70 PP11 
ODOR EQ H2S ’ 2,7756 PPM
COMPOSITION 8 F SM[Lr IN' WfrjGHf PERCpNT. AS. SBDlUM
NAPS 28*50. NA2SB4 1»5o .'NA2C03 70*00

126-75'i-/TSN 24,50 $/TBN 2*50 $/100 LBS
ELEMENTAL BL LIQUBR ANALYSIS
NA 18» 3 q ■ C '42-60 H ' 3*60' : S 3,6o -8 31,70 ' INERT
SALT CAKE. MAKEUP .4.1700 LB PER'lOO LB BL SOLID '
STRONG LIQUOR TO DCE' AT 18q , F AND 50,00 PERCENT •

FROM DCE AT'ISO* F; AND 64,00 PERCENT 
IN THE RF AT 220* F AND 62*80 PERCENT.

STACK - GAS. LEAVING DCE AT IgQ, F -

AMBIENT- AIR TEMP 80. F MOISTURE IN AIR 0,013 LB/LB AIR
g r o s s l i q u o r -h e a t i n g v al u e g s o o -o o - btu -per lb solid

LOSS OF FUME 0*010 PER LB OF BL SOLID ,
EXCESS 02 IN STACK 3.OO PERCENT
ATR TO RF' 583,09 LBS PER 100 LB BU SOLID EXCESS' Ai-R 21*40 PERCENT

Table VI. Results' of calculation.

NET HEAT RECOVERED 416632 ,  BTU PER 100 LB BI.' SOLID
RETURN FROM THE RF UNIT • 279871« $/YEAR

0 = 20
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Table.VII„ Results of calculation,
UMex 10 CPARSE SPRAY . i
CAPACITY 9F RF 2400000* LBS Bi- SOLID 'PER DAY
FM ISS I PM PF AIR POLLUTANTS
HPS 0,02 PPM CH3SH 0,00 PPM SQ2 2,12 PPM 
prjPR EO H2S O• 041-2 PPM
■COMPOSITION OF SMELT IN WETGHf PERCENT AS SODIUMNA25 28,50 ■. NA2S04' 1«50 NA2C83 70,00

126,75 .$/T0N 24.50 $/TON 2#50 $/100 LB'S
ELEMENTAL BL LIQUOR.ANALYSIS
NA 18,30 - C ' 42.60' H 3.60 S 3,60 9 31.70 INERT 0-20
SALT CAKF MAKEUP 4,1700 LB'PER' IOO LB BL SOLID
STRONG LIQUOR TO DCE AT ISq * F. AND 50,00 PERCENT ■

FROM DCE AT'Ifjo* F. AND 64*00■PERCENT,
' ; . ' IN THE RF AT 220' F AND 62,80 PERCENT

STACK GAS LEAVING DCE AT IgQo F -
AMBIENT/AIR TEMP 80* F MOISTURE IN AIR 0*013 LB/LB AlR
GROSS LIQUOR HEATING VALUe 6600*00 BTU PER LB SOLID
LOSS OF FU-ME 0*010 PER LB OF BL SOLID '
EXCESS 02 IN STACK. 3,00 pERCENT
AIR TO RF 583,09 LBS PER 100 LB BL SOLID ' EXCESS AlR 2i,4c PERCENT 
NET HEAT RECOVERED 416928, BTU PER 100 L^ BL SOLID"
r e t u r n f ro m the ..rf unit ■ '2*3824, $/year ; ’



9X -LQ FINE SPRAY
CA P A C I T Y  5 F RF 2400000, LBS BL' SSL I D 'PER DAY
EM I S S I O N  '-OF AIR POL LUTA NTS
H2S 0*37 PPM ■' -CHSSH O = 12 PPM S92 '9,80 PPM
0D0R EQ HSS 0*7366 P P iM
C O M P O S I T I O N  GF SMELT IN wEIGHT' PERCENT AS SODIUM

.Table H l I e Results of calculation*

NASS 28*50 N A 2 S 9 4 • I «50 NA2C83 70*00126,75 $/TON 24*50 S/TON . 2,50 a/100 LBs
E L E M E N T A L  BL LIQUOR A N A LYSISNA 18,30 C 42*60 H 3 »6 O S 3 = 6q 8 31,7o INERT 0,20
SALT CAKE MAKEUP ■ 4*1700 LB PER IoO L^ BL SOLID
STRONG LIQUOR TO DCE AT.18Q. F AND 50'00 PERCENT ?

FROM DCE AT 180* F AND 64*00 PERCENT 
IN J H E  RF AT 220« F AND 62*80 PERCENT

STACK GAS L E A V I N G  DCE A l  180» F
AMBIENT A LR TEMP 80* F M O I S T U R E  IN AIR 0*013 LB/LB AlR
GROSS L IGUBR HEAT I N G  VALL1E 6600*0?' BTU PER LB SOLID
LOSS OF FUME 0*010 PFR LB OF BL SOLID '
EX C E S S  0.2 IN STACK 3,20 p ERCENT
AIR TB RF 587,83 LBS p ER 100 LB Bi. SOLID EXCESS AIR 22,39 PERCENT-..
■NET HEAT RECOVERED . 416747 ,  BTlJ PER 100 LB BI;. SOLID '
RETURN FROM THE RF UNIT 2809 8 8 ,  S/YEAR



SX LQ COARSE SPRAY
CAPACITY OF RF 2400000? LBS BL SQLID PER DAY
EMISSION OF AIR POLLUTANTS '■
HSS 0*00 PPM CH3SH’ 0,00 PPM $02 0,08 PPM
ODOR EQ HHS 0*0008' PPM .
COMPOSITION OF SMElT IN WEIGHT PERCENT AS SODIUM
NASS 28*50 ' NASSM 1«50 NASCOS 70*00

■126.75 $/T0N . 24,50 */T8N 2,50 4/100 LBS ■
e l e m e n t a l BL LIQUOR ANALYSIS
NA' 18.30 ' C .42,60. H 3.60 S 3,60 O 31,-70 , INERT
SALT'CAKE MAKEUP 4*1700 LB PER 100 LS BL SOLID
STRONG LIQUQR'TO. DCE AT ISq * F AND 50,00 PERCENT

FReH DCE AT 180*' F AND 64»00 'PERCENT '
. . IN THE RF AT' 220»' F AND 62 »80 PERCENT

STACK GAS LEAVING DCE AT I80» F.
AMBIENT'AIR.TEMP 80* F MQI-STURE IN AIR 0*013 LB/LB AIR
GROSS' LIQUOR HEATING VALUE " .6600*00 BTU PER LB SOLID'

Table IXe Results of'calculation,

LOSS OF FUME ' 6.*OlO FER L'3 QF BL SOLID ■ •
EXC E S S  .5-2 IN STACK 3*20 PERCENT 'A IR TQ RF' 587-83 LBS PER 100 LB BL SOLID EXCESS A I R . 22*39 PERCENT.
NET HEAT RECOVERED 416326* BTU PER -IOO LB Bi. SOLID
RRTyRN--CROM THE RF UNIT ; 2 8 4 2 5 8 ,  &/YE-A'R . .

0*20
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Table X. Results of calculation, 35% SECONDARY AIR AT 180 ' .... -

CAPACITY OF RF 2400000* UBS BL SOLID PER DAY
EMISSION O.F AIR POLLUTANTS
H2S O-QO PPM CH3SH 0*00 PPM S02 0,08 PPM ■
ODOR EG HPS 0,0008 PPM
'COMPOSITION OF SMELT i.N WEIGHT PERCENT AS SODUjM
NAP'S; - 28*50,- N ASS & 4 l>5o NA2C03 70-00

■ 1"'26*75 $/T6N ,-24*50 $/T9N. 2»5o $/100 LBS
ELEMENTAL 5L, LIouor a n a l y s i s
,NA 18*30 C 42,60 ; - H 3,60 S' 3*&0 G 31 «70 INERT
SALT. CAKE MAKEUP. 4*1700 LB PER IOO LB BL'.SOLID .
STRONG LIQUOR TO DCE AT ISq-* F AND 50*00 PERCENT , .

.,FROM DOE. AT '180* F AND 64«QO■PERCENT ' '
IN THE RF -1AT 220* F AND 62*80 PERCENT

STACK GAS LEAVING DCE AT 18.0= F , '
AMBIENT"AIR TEMP.Bo* F ' MOISTURE IN AIR 0*013 LB/oB AIR'.
GROSS LIQUOR HEATING VaLUe 6600»00- BTU PER LB -SOLID /
LO-SS OP FUME 0*010 PER LB OF BL SOLID , ' - -
EXCESS 92.IN STACK 2*10 PERCENT . '
AIR T9 RF 549*90 LBS pER 100 LB' BL SOLID ; EXCESS,.AIR 14 * 49 PERCENT
NET HEAT RECOVERED . ‘ ' 6 1 77 6 4 ,  BTU- pER 100 LB CL. SOLID "
p ElURN FROM THE RF UNfT 286051» 3/YEAR'

0*20
iCAO



Table X I ,.Results of calculation.
35% SEC8NDARY AIR'AT ISO' .
CAPACITY BF RF . 2400000, UBS BU SQUID PER DAY
EMISSION BF AIR PQUUUTANTS
H ES ■: .0 ? OO PPM '■ CH3SH '0-00 PPM S82 O-Ol PPM 
QDRR EQ HES ' ■ 0*0001 >PM
CQMPQSITIQN QF SMEUT IN We I-GHT PERCENT AS SQDlUM
NAPS' 28-50 NA2SB4 1°50 ' NA2CQ3 70,00126,75 $/T6N: 24*50 S/TON 2,So $/100 UBS
EUEMENTAU Br UI.QUQR ANAUYsiS
NA 18-30 C . 42-60 H 3 -6Q S 3-60 Q 31-70 INERT 0-20
SALT' CAKE1 MAKE-UP 4-1700. UB PER 100 UB BU' SQUlD i
STRONG UIGUQR TQ DCE AT l8n, -F AND 50*00'PERCENT

' FROM DCE AT 180* F AND 64*00 PERCENT :
.IN' THE RF AT 220* F AND 62*80 -PERCENT

STACK GAS LEAVING DCE AT '130- F ■ '
•AMBIENT AIR TEMP 80» F - MOISTURE IN AIR . O-=Oj 3 UB/I.B Al R ;
GROSS UlOUQR HEATING VAUUE 66Q0-OO BTU PER UB "SOUJD r '
UGSS QF FUME 0«.0l0 PER LB QF BU SQUID ' :
EXCESS 02 IN STACK 4*80 PERCENT ' ' .
ATR TQ .RF'. " ■ 653-93 LBS PER IOOLB BU' SQUID ' -EXCESS AIR 37 * 19 . PERCENT
NET HEAT RECOVERED . ' ' 415067- BTU PER IOO L-B BL SQUID
RETURN F'aSM THE RF UNIT 280519« S/YEAR- - -



Table XIl» Results of calculation,
35% SECBNDARY AIR AT ISÔ ' .............
CAdACITY OF RF 2400000, LBS. BU SOLID PER DAY
EMISSION OF AIR POLLUTANTS
H2S 0*00 PPM CH3SH 0*00 PPM S32 .0*04 PPM 
.ODOR EG HPS- 0*0.004 PPM
COMPOSITION SF SMf LT I-N WEIGHT PERCENT AS SSDIUM
NASS . 28*50 . NA2S84 1*50,' 'NA2C33 70*00

126*-75 $/TBN \ v 24 = 50 TVTSN 2»5o $/100 LBS •
ELEMENTAL BL LIQUSR ANALYSIS
NA. lS»3o ' C' 42 »60 H 3 = 6 q . S' ■ 3*6o S 31 = 7o -INERT
SALT CAKE MAKEUP 4*1700 LB PER IOO LB BL SSLlD ■
STRGNG LIOUBR TS DCE AT ISq * F AND 50-00 PERCENT 

FRSM DCE AT 180* F AND 64*00 PERCENT 
... IN THE RF - AT 220* F AND 62*80' PERCENT

STACK GAS LEAVING DCE AT ISO* F
AMBIENT AIR TEMP- 80* F MOISTURE IN AIR 0-013 LB/LB AIR ,
CiRSSS LI OUSR HEAT TNG VALUE ' 6600 * 0'6’ BTU PFR LS SGLID • :
LOSS. OF FUME ■ Q = OlC PER LB SF BL SOLID'. , ' '
EX C E S S  82 IN STACK 4*40 PERCENT "
AIR TB RF' 639*97 LBS PER. 10.0 LB Bi. SBLID.: ' EXCESS/AIR 33*24 PERCENT
NET HEAT: RECOVERED 415536 ,  BTU PER IQC LB BL:. SSLlD
RETURN FRBM THE RF UNIT ' - ■ 2.8.1806* $/YEAR

0*20
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CAPACITY- GF KF 1 2400000* LBS BL7 SOLID PER DAY
EMISSION- OF AIR POLLUTANTS
H2S 0*00 PPM CH3SH 0*00 PPM- " S32 0*07 PPM
ODOR EO H2S . 0*0007 PPM
c o m p o s i t i o n of sme lt in w e i g h t p e r c e n t  as s o d i u m -

- Table XIII. Results, of calculation,
35% SECONDARY AIR AT 180

NAES 28,50
'126*75

NA2S04$ / r o M 1*50
24=50 S/TON

N A 2 C B 3 70*
2,

OO
50 $/100 LBS

ELEMENTAL BL 
NA 18*30

LIQUOR ANALYSTS 
C - 42*60 H 3*60 S '3*60 O 31=70 inert ' 0*20

SALT CAKE MAKEUP 4,1700 LB PER IQO LB .BL SOLID
STRONG LIQUOR TO DCE AT 18c * F- AND 50*00 PERCENT 

FROM DCC AT' ISO* F AND '64*00 PERCENT.
' IN THE RF AT 220* F AND 62*80 PERCENT

STACK GAS' LEAVING DCE AT I SC* F
A M B I E N T  AIR TEMP., 80» F 'MOISTURE IN AlR 0*013 LB/LB AIR
G R O S S . L I Q U O R  HEAT I N G  VALUE 6600*00 BTU PER LB SOLID
LOSS OF FUME . ' 0*010 PER LB OF SL SOLID .
EXCESS 02 IN .STACK 4*40 PERCENT.
AIR TO RF  ̂ 639A.S7 LBS PER- 100 LB B'U SOLID .EXCESS AlR 33*24 PERCENT
NET HEAP .RF.Ce.VEJsED' ■ 415536* BTU PER ICO LB BL! SOLID
RETURN FRBM THE RF UNIT 281797* $/YEAR

-63-



CAPACITY SF RF 2400000« LBS SL SOLID PER -DAY
EMISSION SF AIR POLLUTANTS
H5S 0*00 PPM CH3SR 0*00 PPM SSS 0*04 PPM 
BDSR FQ HSS O f0004 PPM
CSMPBS IT ISM BF SMpLT IN WpiGHT PpRCENT AS SBDIUM

Table XIV. Results of calculation.
35% SEC0NDARY AIR. AT 180

NA2S 28.50 NA.2S04 1*50 NA2C03 70*00126,75 S/TON 24*50 $/T8N 2 * 5q $/100 LBS
ELEMENTAL BL- LIQUOR ANALYSIS
NA 18.30 C 42,60 H 3,60 ’ S 3 $ 60 B 31*70 INERT
SALT CAKE MAKEUP 4,1700 LB PER IQO LB BL SSLlD
STRONG LIGUSR TS DCe AT 18q ? F AND 50*00 PERCENT

FROM DCE. AT 180« F AND 64,00 PERCENT •
IN THE RF AT 220» F AND 62*80 PERCENT

STACK GAS LEAVING DCE AT .180» F
AMBIENT AIR TEMP 80*' F MB ISTURE IN AIR 0*013 LB/LB AIR
GROSS LIQUOR HEATING VALUE 6600,00 BTU PeR LB SSL ID
LOSS QF cUME 0*010 PER LB SF BL SSLID 
EXCESS 02 JN STACK 3«10 PERCENT
ATR TS RF 5.87*83 LBS PER 100 LB BL SSLID EXCESS AIR 22*3? PERCENT
NFT HEAT-RCCBVERED 4 1 6 8 2 6 . STU PER 100 LB BL SSLlD
RETURN FR SM-THE RF UNIT 284271 * S/YEAR

0*20
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Table XV. Results of. calculation,
.UiNQXI D I ZED LI O1JQR
CApACITY OF RF. 2400000, LBS Bi. SOLID PER DAY
EMISSION OF AIR POLLUTANTS' • . , . ,
H2S 72 A O  P PM. CH3SH 3 A S  PPM SOR 10,00 PPM-;
ODOR EQ H2S 80,2214 PPM .
COMPOSITION OF.SMELT IN WEIGHT PERCENT AS SODIUM . V
NAPS ' 28,50 . NApse4' 1*50- ■ NA2C0.3 : 70,00

126,75 $/TON 24.50 S/TON . 2,50 S/100 LBS
ELEMENTAL BL LIQUOR ANALYSIS' • :
NA 18,30 C . 42,6Q H 3,60 ' .S ; 3,60' O'' 31»70' - ' INERT
SALT CAKE' MAKEUP 4,17o0 LB PER .1,0O LB. BL SOLID
STRONG LIQUOR TO DCE "AT 180».P AND 50-00 PERCENT 

FROM DCE .AT I SO, F AND 64 »00 PERCENT 
IN THE 'RF AT 220» F AND 62«SO PERCENT -

STACK GAS LEAVING DCE A R .180, F
AMBIENT. AIR TEMP . 80» F . ■ MOISTURE IN AlR' 0*013 LB/L5 AIR
GROSS LIQUOR HEATING VALUr '6600-00 BTU PER.LB SOLID 
LOSS OF FUME Q-OlO PER LB OF BL SOLID
EXCESS 82 IN STACK 3,Q0 PERCENT
AIR TO RF ' 583*09 LBS PER 100 LB BL SOLID EXCESS AIR 21*40 PERCENT
NET HEAT RECOVERED . 415493* BTU PER IOC LG BE SOL-JD''.
RETURN FROM THE RF UNIT ' ■ 255509' 3/YEAR " -



Table XVI. Results of calculation.
9X1DIZED I,IQU9R . ........
CAPACITY 9F RF ' ' £400000* LBS .BL SBLID PER DAY
EMISSION BF AIR PBLLUTAtiTS
H2S- 4 «16 PPM . CH3SH 1*42 PPM SB2 10-00 RPM
BDBR EG H2S 7,4381;PPM
CBMPBSITIBM. 0 F -SMELT TM WgiGHT PERCENT AS SBDlUM
NARS • 28,50 NA2S.04 . . T,5o NA2C83 70? OO

126*75 $/T8N ' 24*50 S/T8N 2*50 $/100 LBS
ELEMENTAL' BL. LIQUBR ANALYSIS
NA 18,30 • C 4.2,60 ' H .3,60 S- . . 3,6q 8 3l',70
SALT CAKE' MAKEUP 4,1700 LB PER 100' LB BL ' SBLID
STRBNG LIGUBR TB DCE AT 18q *'F AND 50-OO- PERCENT ■ .

FR-BM D-CE AT 180* F AND 64*00 PERCENT'
■ IN- THE RF AT' 2.20* F AND 62*80 PERCENT ,

STACK GAS; LEAVING DCE AT 180« F '
AMBIENT AlR TEMP - 80« F . MOISTURE IN AIR 0*01.3 LB/LB AIR ,
GRSSS LIQU6R HEATING- VALUE" 6660.00 BTU PER LB-SBLlD"
LOSS BF FUME, 0*010 PER LB BF BL - SOLID -, : ' '
EXCESS 82 IN STACK-3»10 pERCENT - : ' - •
AIR TB RF--. 587*83 LBS pER 100 LB BL '"SOLID . '■ EXCESS AlR 22*39 PERCENT
NET HEAT RECOVERED - . 41623.6, BTU PER ICO L5 BL SBL-IO" -
RETURN FRgM THE RF U N n  = 2783 9 4 ,  SZYEAR-

INERT



SEC AIR AT 41,0%
CAPACITY OF RF _ ' 2400000» LBS BL SOLID PER DAY
EMISSION OF AIR POLLUTANTS
H 2 S.. ; O »OI PPM CH3SH 0*00 PPM S02 0,20 PPM
ODOR EQ H2S 0»01.40 PPM
COMPOSITION. SF SMELT .IN. WEIGHT PERCENT AS SSDIUM
NAPS • 28,50 . NA2SS4 ■ I»50 NA2CS3 70*00

126*75 $/TSN' \/ ' P4»50. $/TSM 2,50 $/100 LBS
ELEMENTAL BL LIQUOR ANALYSIS ' ' . .
NA 18,30 C ■ 42,60 ' H 3-60 S 3*6o 8 31*70 INERT
SALT CAKE MAKEUP 4,1700 LB PER IQO LB BL SOLID
STRSNG LIQUOR TO DCE AT ISq * F AND 50*00 PERCENT 

■ FROM DCE- AT 180' F AND 64*00 PERCENT 
IN THE' RF AT 220« F AND 62*80 PERCENT

STACK GAS LEAVING-DCE AT 180» F .
AMBIENT ATR TEMP 80» F ■ MOISTURE IN AIR 0»013 LB/LB AIR
GROSS LIQUOR HEATING VALUE 6600-00 STU PER LB SOLID 
LOSS OF FUME ’ 0*010 PER LB OF BL SOLID 
EXCESS 82- IN STACK 3»40 PERCENT'
AIR -TO RF 597,31 LBS PER " IOC LB BL SOLID EXCESS AIR 24,36 PERCE-NJ

Table JCVII. Results of calculation,

NET.HEAT.RECOVERED, ' 416499* BTU PER 100- LB 1BL' SOLID
RETURN - FROM THE RF UNI J ' 2 3 3 5 9 3 *  S/'YEAR

0*20

-6?-



Table XVIII. Results of calculation.
SEC AIR AT 36.5 : ......
CAPACITY. BF RF ' 2400000» LBS BL SOLID PER' DAY
EMISSION OF AIR POLLUTANTS
H2-S 0*01 PPM -CHSSH 0»o2 PPM: • SQ2 0*10 PPM 
ODOR EQ HSS 0,0528.PPM
c o m p o s i t i o n , of .smelt in.-We ig h t P e r c e n t as s o d i u m
NAPS' 28*50 . , NA2S04 ' 1*50 - NA2CS3 70*00126*75.$/T8N\ \ ' . .24,50 $/TGN 2,50 $/100 LBS
ELEMENTAL BL LIQUOR a n a l y s i s :
NA IS*so C • .42,60 '■ 'H . 3.6o S .3,60 8 31*70 INERT
SALT CAKE;MAKEUP '4.1700 LB PER'I OQ LB BL SOLID
STRONG LIQUOR TO DCE AT IS q . F AND 50*00 PERCENT'

FROM DCE AT 180* F.AND 64*00 : PERCENT 
IN. THE'RF AT .220,'F AND■62*80 PERCENT ■

STACK GAS LEAVING.' DCE: AT ISO= F
AMBIENT AlR TEMP ..80« F MOISTURE IN AIR 0*013 LB/LB' AIR '.
.GROSS LIQUOR HEATfNGLVALUE 6600,00 BTU' PE& LB SOLID" ] . " :
LOSS OR FUME O = OlO PFR LB. OF BL SSL ID ' „ ' ■ '

. - L  '
EXCESS 02 IN STACK 2=60 PERCENT ,
AIR TO RF 568*87 LBS PER IOO LB BL SOLID . EXCESS AIR.18*44 PERCENT
NET HEAT RECOVERED : " . &03623, BTy- P[R loo L& BL SOLlb
RETURN FROM THE RF UNIT - ' 268570,- &/YEAR

0*20

"8
9™



Table XIX» Results _of calculation® 
SEC AIR 28,5% ...
CAPACITY BF RF ' 2400000, LBS BL SOLID PER DAY
EMISSION OF. AIR POLLUTANTS
HPS 24,60 PPM • CH3SH 3,50' PPM SO2 96-70 • PPM 
ODOR EQ HPS 33,4003 PPM
COMPOSITION.OF SMe LT IN.We IQHT PERCENT AS SODIUM 
NAPS""' ■' 28-50" NA2SB4 .. I-SQ NA2C03 70,00

126-7-5. $/TON : . 24 ,.50 $/TBN 2,50 S/100 LBS
ELEMENTAL: BL LIQUOR ANALYSISNA 18%3n . - C 42-60 H 3,6o S- 3-6o
SALT CAKE MAKEUP 4-1700 LB PER 100 LB BL SOLID
STRONG LIQUOR TO DCE AT 180« F AND 50,00 PERCENT

FROM DCE AT 180« IN THE RF AT 220 F AND 64»00 PERCENT » F AND 62«80 PERCENT

Q 31,7Q INERT

STACK GAS-LEAVING DCE AT 180« F -
AMBIENT AIR TEMP 80« F MOISTURE IN AIR 0,013 LB/LB AlR
GROSS'LIQUOR.HEATING VALUE 6600«00 BTU PER LB SOLID
-LOSS. 9F FUME . ' C-OlO PER-LB QF BL SOLID , ' " ' '
EXCESS 02.IN STACK 1,40 PERCENT
AIR TB, RF "526*20 LBS' PER. 100 LB BL SOLID EXCESS A IR 9-56 PERCENT
NET,HEAT RECOVERED . . - ■ 375625« BTU PER 100 LB BL SOLID
RETURN.FRQM THE RF UNIT 167556« $/YEAR'

0-20
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Table IX, Results of calculation,SEC .AIR' AT 30% ■' "
CAPACITY 8F RF 2400000, LBS - BU S8UD' PER DAY
EMISSION BF AIR PSLLUt aNTS
HgS 12»60 PPM CHS-SH I «50 PPM S82 53.00' PPM 
6D8R ER HPS . 16,4871 PPM
COMPOSITION BF SMELT IN Wprqni PERCENT AS SSDIUM
NAPS ' 28,50 NA2S04 1,50 NA2C03 70*00

126*75 $/T8N 24.50 $/T8N . 2,50 4/100 LBS
ELEMENTAL BL LIQUGR ANALYSTS
NA 18,30 " C 42.60 ''..-H 3.60 ‘S' 3,6q B 31,70 INERT 0,20
SALT CAKE MAKEUP 4*1700 LB PER 100 LB ,BL SSL ID

■. . -
STRONG LIQUSR TS DCE AT ISq . F AND 50,00 PERCENT 

FRQM -DCE AT 180«' F AND 64*00 PERCENT 
IN THE RF AT. 22.0" F. AND 62,80 PERCENT

STACK GAS LEAVING DCE AT 180* F '
AMBIENT AIR TEMP 80» F MOISTURE IN AIR ' 0,013 LB/LB AIR
GROSS LIQUSR HEATING VALUE. ' 6600«00 BTU PER LB SOLID
LOSS SF FUME O 5OlO PER LB 6F: BL SOLID '
EXCESS Sg IN STACK 1,20 pERCENT
•AIR TB RF ' 521*46 LBS PER 100 LB BL SOLID ' EXCESS AIR 8*57* PERCENT
NFT HEAT RECOVERED - ' 386292» BJU .PER 100 LB' BL' SBLID
RETURN FRSM THE RF UNIT" . 205437» 4/YEAR '
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