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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 msde to minimize the air pollution and maximize
the return of a Kraft recovery furnace unit under various opersabting
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 mathemstical model developed to minimize cdorous emission
and maximize anmial 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 annrual 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 hest used
to produce steam, losses of material, chemicals recovered, and. annual
return. ' ' '




INTRODUCTION

Over sixty percent of the United Staﬁes‘.supply of wood pulp is
produced by the Kraft pulping process. But the process, especially
the‘Kréft recovery furnace unit, creates an air pollution problem by
discharging.hydrogen sulfide, methyl mercaptan, sulfur dioxide, énd
other sulfur—éontaining gazes into the atmosphere. In addition to the
gir pollvtion problem, it results in a chemical and heat loss. Since
the Kraft recovery furnace unit releases a large volime of odorous
gases énd fumes, scrubbing and furnace operations are very difficuit.

The recovery cycle of the Kraft pulﬁing'prccegs makes the prﬁcess
pfofitable and also creates an air pollution problem. The recovery
cycle is shown in Figure 1. 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 Ffivers. The ﬁulp ié then separated
from the cooking'solution or blacik liguor. $he cooking chemicals in

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

solve the disposal problemf

During the recovery operation, weak black liguor is concentrated

.

from approximately 17% .solids to about 50% solids in multiple effect
j - o ‘ o
evaporators. Further concentrating from 50% solids to 70% solids is

carried out in diréct'cdnfacf evaporators using the hot lue gase;ﬁcf
the recovery furnace. ' In .this operation, sodivm sulfate is added to the
strong black liguor meking up for chemiéals lost in the pfacess.' The
concentrated: black liquor is then bu%ned‘iﬁ the. .recovery furnace o

.y
oy 1S
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recover a portion éf thé heat by oxidation of the organic material
and té,fecoyer chemicals iﬁ the form of mbltén 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 éfoblem, a liter-
ature survey was first made to obtain all of the operaving cénditions

that affect the release of odorous compounds.

Irwin B. Douglaés méde studies in the area of the emission
sources {(2). He discussed the chemistry involved in odor formation
and in the destruction of malodorcus compounds by burning, chlorinétion
and tresiment with ozone. He s@ggested that continucus moﬁitoring of
the stgck gases for hydrogen sulfiae wbuld give the greatest promise

for minimizing the emission of malodors.

Murray and Rayner (3) concluded that the direct conbact evapor-
stor was a source of hydrogen sulfide atmospheric contemination., They
found that emission of hyd}ogen sulfide in the ;tack gases of the Kraft
'reéovery'fgyﬁaée ﬁhit was favored Ey High.concentration of .sulfide ion
and ldw‘pH.level;in'tﬁé'liéuor; and by low concentration of hydrogen

S

sulfide in-the flue gases entering the direct-contact evaporator.

Hendrickson and Harding (I) pointed out that black liquor oxi-
dation reduced malodofous'gasremission of the Kraft recovery furnace,
According to Landry and Logwell (5), the oxidation of black liguor

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




Y

sulfur-containing gases discharged to the almosphere and fherefore

improved the chemical recovery.

Thomas and his co-workers (6) made aﬁAinvestigation into the
vnderstanding of the furnace operation from both a chemical and an
enginéering point of view. They were ablé to explain the pyrolysis and
the combustion of black liguor.- Although the explanation was made on
an experiment conducted in anlaboratory instead of in a Kraft recovery
furnace itself, they suggested that the same ﬁechanism actually occurred
in the furnace. They proposed that the combustion of black iiquof 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 hydroqarbons,-sulfﬁrjcontaining

compounds, and sodiuwm-containing compounds.

3. Finally, the combﬁstion of pyrolysis gases destroyed most
of the low molecular Weighf_hydrocarbons and sulfur—cqntainiﬁg compounds.
Incémplete qombustion of pyrolysis gases caunsed é serious>air pollution
problem.

Thoéﬁ-and his co-authors (1) investigafed,oddrcus emission in tbe
Kraft fecovéry furnéce stack gases undgr vajious combustibn conditions.

They indicated fhat the operating conditions affécting the air pollut-
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ant emission were excess oxygen, turbulence, percent of secondary air,
and fineness of the blaék liquor spray. They also-fouﬁd that ﬁhen the
SOQ—HEO concentration was minimized, indicating sufficient.oxygen and

good’ turbulence, the stean production was maximized for a given rate

of feed.

¢

In-this work, a matﬁematiéal model based on engineefiné prin-~
ciples was developed to solve the air pollution problem economically.
The mathematical mgdel was used to find the best operating conditions
for ﬁaximizing recovery of chemicals and ﬁeat, and minimizing the

cost for air pollution control.




RESEARCH OBJECTIVES

The main objective of this research project Wasito develﬁp'a
technique in the form of a mathematical model to find the détimum
operating conditions for air pollution control on Kraft recovery fur-
nace stack gases. Optimum operating conditions are those which give
%hé minimum air pollution and the maximum chemical and-Heat'recovery

from the Kraft recovery furnace unit,

The most important considération of this research project is to
solve the complex“probiems of heat and'mass baiance,'and prédict the
annual retvurn from the Kraft recovery furnace ﬁnithfor given operat~
ing ccnditions and, as a result, find the opfimum.operaﬁing conditions

by utilizing available dsta.




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 toocl to find the best operatiné
conditions for the XKraft recovery unit in. that it gives maximum annual
return and minimum air pollution. The model also enables us bo analyze

the berformance of the Kraft recovery furnace unit.

Kraft Recovery Furnace Unit

The XKraft recover& furnace unit is shéwn schematically in Figure
2. The heat generated in the Kraft recovery furnace is used for.fhe
phg@ical‘reacfions taking,place'in‘thé furnace and for steam production.
The chemicals recovered are reused in the Krafi pulping process. There~
fore, the funetion of Kraft recovery furnace units is to rgcéver‘chemi—

cals and produce steam fromfbiack liquor.

During combustion of black liquor in the furnace, the watqr in
the black liquor is evaporated and the carbonaceous métter formed in
the process of cooking woéd chips in the‘digester is burned. The in-

) ofganic chemicals in the black liquor are fused and the sodium sulfate
in the presence of carbon and s reducing atmosphere is reduced to
spdium sulfide. The recovered chemicals in the form of molten salbt are
sodium carbonate, sodium sulfide, and a smali-amount of sodium sulfate.
The recovered chemigals are further processeq in the caustizing process

to produce white liquor (WaOH 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 rccovery furnace unit. The
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 perteaining 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.

o A B! e SR

R

Figure 3. Single Stage Optimization.

Single Stage Optimization

The technique used to optimize the operation of the Kraft recovery

furnace unit as described zbove is a mathematicsl 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 Vhere-X is the input
State,of the raw materials such as. the physicél and chemical properties
of black liquor.and ambient air, Y denotes the output state of the
products from the.ﬁnit, (i.e., the physical and chemicél properties of
molten salts and stack géses), D represents the operating condiﬁions

of the unit, and R denotes the annual return from the unit at a given
X, ¥, 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 op£imization model. as spplied

to the Kraft recovery furnace unit is given below.

The input state X includes the properties of'all'yaw materials
lentering'the unit; namely, the température, the déncéntration, the
elemental analysis of black liquor, the enthalpy of steam entering the
direct céntact liéuor heater, the tgmperature and meisture content of,
embient éir, and the properties of salt cake make-up mixed with the

black liquor.

Tﬁe output state Y is defined aé the properties of all the products
formed in the Kraft recovery furnace unit. The prodﬁcts 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

1

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 Terns Profit Terms

1. Raw materials (black liquor and 1. Molten salts
salt cake make-up) :

2. Deprecistion 2. Steam
3. Maintenance and engineering

4. Labor and labor benefité

5. Income tax aﬁd property tax

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

It is obvious that the annual return depends largely on the cost
of the raw materials, the steam production, the yield of molten salts,
and the loss of chemicals (air pollutants and particulated matter) in

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

Mass Balance Calculations

By makirg a mass -balance on the Kraft recovery furnace unit we
:can determine the quantity of each product leavidg the unit. We can
then make a heat balance fo determine the energy absorbed by the unit

for producing steam. -

A.‘In”these qéiéuiétidﬁs We.must know the loading -capacity of the
) -
furnace, tﬁe properties'of‘blacklliquor to the direct contact evapor-
‘ator, the molten salts leaving the unit, and the excess oxygen in the
stack gases. TFor convenience of  calculations, the properties of b}ack
liquar to the direct‘coﬁtact evaporator are exp:egsed in\termS“of tém—

pergture, 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
PRl TG RV, S -

Kraft recovery

Black 1iquor e furnace unit qm—- Ambient air

Molten salts

Figure 4. Block Diagram of Mass Balance for Kraft Recovery

Furnace<ﬁ;it.
Assuming complete combustion of black liquor in the Kraft re-

covery furnace, the gaseous products are sulfur dioxide, carbon dioxide,
water vapor, excess oxygen, end 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

The

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

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 Ty meking a mass balance on hydrogen.
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‘Oxygen and. nitrogen in the stack gases are calculated by knowing ﬁhe

amount of air introduced into the unit.

Heat Balance Calcﬁlations

The net heat absorbed by the unit to produce steam can be esti-
mated by making a healt balance on the unit. The terms involived in

]
the heat balance calculations are listed asgs follows:

Grosé-heating value of black liguor
Sensibie-heat of air introduced into the unit
Heat of the sﬁeam 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 reduection of the salt cake ﬁake—up ‘
Heat lost due to chemical reaction correcfioq

Heat lost due to rédiation

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 tqtalwheat

input and the total heat loss.
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V. P. Owens (7) reported the gross heating values in the blac#
liquor in the United States range from 6080 Btu per 1b dry.solids to
71@5_Btu per 1b solids. Tﬁe normal figure is‘66OO Btu per lb.dry
solids. The gross heating value of black liguor is main heat input

to the unit.

The éxcess alir at ambient air temperature enters the rgcovezf
furnace for the complete combustion of the black liguor. It also
serves as a heat sink because heat is lost due to the excéssloxygen
“and nit%ogen leaving the stack.  The héat lost due to water in the-
stack gaées includes heat lost due to moisture in the air,_ueat lost
due to, water formed in‘combustionz;and heat losl due to evaporation of

water in the black liquor.

"The molten salts, which consist of §odium.sulfide, sodium carbom-
ate, and a small amount of sodium sulfate,-lea&e the unit at lhOQQF.
The -heat lost due to the molten salts is made up of the heat of. fusion

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

et al (8) is 532 Btu per 1b of molten salts.
The éalﬁ céké make-up or sodivm sulfate is reduced to sodium sul-
fide in the preéence of carbon in the Kraft recovery furnace according

to the .reaction

a - N
Na2‘04 . + 2C — Na,,S . + 2002
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The heat lost due to the reduction of salt cake is éalculated from the

heat of formation of each of the chemicals in the reactioﬁ;:‘

The heat lost dvue to radiation is estimated as one,percent..éf~
the total heat input to the unit. The heat lost die 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 liguor were maasured'
in a bomb calorimeter and since the combustion df the Elack liguor in
the kiaft recovery furnace 1s different, the gross heating yalues of-thé
black liquor must be correctéd. The actugl %eactions for -the combustion
of the black liquor are very compiicated; The heat lost duélto re-
action is determined from the difference.of the total heat df’formation
. of combustion products of the.bléck'liquor in the bomb calorimeter and
the total heat of formation of combustion of ﬁhe black liguor in the -
Kraft fecovery'furnace. The combustion products of.the blagk'liquor

for both the bomb calorimeter and the Kraft recovery Purnace are listed

below: | ': o
: Prodﬁcts of Bomb Calorimeter Prbducﬁs‘of Kraft Reéover& Furnace.
! Céé’ €0, .CO |
H,0 1,0
02 O2 .
so’z, 01{331{, 0,8, end &

small amount of other
sulfur-contalining gases




-16-

Products of Bomb Caloriméter Products of Kraft Recovery Furnace
Salts: . Salts:
mazooh' _ NaZSOu, NaZS
N el
a2003 ) Nazx,o3
Inert ashes Inert ashes

Q
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 1b carbon monoxide by the formula:

CO )

* 2 8 )
CO + 002

H = 12hs5 - (co, « —g-

feco

The numbers 28 and 44 are the molecular weights of CO aﬁd C02, respec-

tively. CO and 002 are percentages by volume of carbon mwonoxide and
_X_

2

complete combustion of black liquor in the recovery fufnaée. The same

carbon dioxide in the flue gases. CO is carbon dioxide produced by

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

compustion 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 ve taken into considerstion. The sulfur losg’in 1b-moles

per year is obtained by using the expression‘

| SO2 + EQS +. CH3SH 1
107 359

p—
.

~~

~—r

L, = R - 1MkO - 365 - (
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vhere R is the flow rate of stack gases in standard cubic feet per
minute, and Sdz,-HQS, and CHSSH are in parts per million by volume

in the stack gases..




COMPUTER PROGRAMMING

The pgréose of the computer program is to present a techniéue
'to.carry out the tedious calculatidns involved iﬁ-the'minimization of
air pollution ffom a Kraft recovery furnace. The compﬁter program
consisﬁs of a main program and four subrouvtines. The complete pfo—

grams are included in Appendix B.

Main Program

The main program is shown in block diagrsm in Figure 5. This

program calls subroutine DATA to read in all data required for the
calevlations. The mass balance caléulations are ca?rigd cut oy
calling subroutine MASS. Subroutine HEAT is used to.make the heat
balance caléu;atiog. _Finaliy;'iheﬂresultg bffcalculations a;e"printed

out by calling'subréufiﬁé OUTFUT.

The main program calculates the annual return from the results
of mass and heat balance:calculations. It also correlates the emission

of majorvair pollutants (HQS, SOQ, and CH.SH) to odor equivaleﬁt‘to

3 A
hydrogen sulfide given by the formula

" ODOR = PPMHS + PEWCHS * 0.0047 / 0.0021 + PRMSO2 *

" 0.0047 / 0.47

where ODOR denotes the odor eQuivalent?to-hydrdgeh suliide; PPMHS;
PEMCHS, and PPMS02 represént the ppm by volume of hydrogen sulfide,.

methyl mercaptan, and sulfur dioxide, respectively. The corvelation
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Subroutine MASS

All terms in'the subroutine MASS are caleculated on the basis of
100 pounds of dry black . liquor solidé. 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 liguor must

be equal to the sodium leesving the unit in the form of. fumes and molten
salts. Hence, the elemental analysis of the bléck liquor and per-
centages (as sodium) of each cheﬁical-in.the_molten salts‘can be used
to coﬁpute the quantity of each chemical leaving the unit. On'complete
combustion of the black liquor in tﬁe Kraft recovery furnace, the
gaséous products are sulfur dioxide, carbon dioxide, water, and a
small smount of other sulfur-containing gaeses. The guantity of these
gases fof 100 ﬁounds of black liguor (dry'solids) can be.calculated by
making a mass balance on the Kraft recovery unit; For example, the
sulfur in tﬂe form of stack gases leaving the stack can be found by
subtractiné the total sulfur in the black liguor and sélt cake make-up:
entering the unit ffom the total sulfur in the moltgn salt and fumes
leaving the unitf 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 ocutput in

the form of melten salts (Naes,.Na2003,.and Naésoh) and stack gases
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and the oxygen input in the form of black liquor and salt cake make#ap.‘
Since we can find the percentage of excesé‘oxygen.iﬂ the stack gases by
analysis, the actual amount of air entering.thé unit cun then be cal-

culated.

The total water leaving the stack includes the water evaporated
from the black liquor, the water introduced t6 the direct contact
" liquor heater as steam, the water from the moisture in the air, and

the water formed by combustion of the black liguor.

Subroutine HEAT

Subroutine HEAT is used in the calculation of the net heat- avail-~
able for producing steam in the Krafl 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 value; and the sensible heat of the bléck liquor,
the'sénsible heat in the air, and the heat in the steam enteringtfhe
direct” éontact evapdrétor7;
Heat lost:due to the water in the stack gases is calculated by
summing up heat loss for evaporating the water in the black liguor and

the sensible heat of water vapor leaving the stack of {1hé 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 caiculated
" by the difference between heat input.and the total hest losg in the

unit.

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 AND DISCUSSION

.

The results of calculations using-the mdthematical'ﬁodel dié~
cussed in the previous sections indicates thalt it is possible to re-
late annual return to the operating conditions and air péllutioﬁ in
the Kraft recovery furnace unit. The operating conditions or para-

lmeters that affect the annual return and air pollution aye.investi—

gated by employing the computer program.

Temperature of Stack Gases R

Figure 6 shows that the heat absérbed ip the unit pe%iloo pounds
of dry black liquor solids decreased as the-temperatufe of stack gases
incieased. Annual return thus decreased because of‘the reduction‘éf
_.heat‘availgble_fbr steam pr?duction. Hence,.the Kraft recovef& fur-
nace wvnit would have much more steam prb@uction'per pound of dry black

liduor solids if the exit gas temperature were reduced. '

Fume' Emission

Fume emission is the percentage of solids in ﬁhe b;ack liguor
leaving the unit in the form of particulate matter. Figure 7 shows
ﬁhat annual rétﬁrn Qrops drastically w;th 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 anmial reburn bubt also causes smoke haze.

Emission of Sulfur-Containing Gases

The major sulfur-containing gases sre hydrogen sulfide, sulfur

dioxide, and methyl mercaptan. The sulfur in these gases leaviug the
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unit is made up by adding salt cake (sodiuvm sulfate). Tigure 8 shows.
that annual return is decreased if the emission of these gases is
increased. The emission of sulfur-containing gases represents s loss

of material and an alr pollution problem.

Solid Concentraiion of Black Liquor to the Unit

Figure 9 shows that as the'perqentage of solids in the bleck
liguor is increased, the annual réturn from the unit is also increased.
The heat required to evaporate the‘water in the black iiquor and the
heat carried out by'the water vapor - -are not available to ﬁroduce steam.
The annual returrd from the unit can be increased by increasing solid

concentration of the black liquor.

Percehtage of Secondary Air'ﬁg the Furnace

Figure 10 shows that heat for steam production per lbO pounds -of
black liquor solids is increased by increasiﬁg the percentage of second-
ary air -- the turbulence of air making the combustion of black liquor
\mdre complete. Sufficient oxygen indicatbed by the percent of excess
oxygen in the stack gases also indicates good combustion in the furnace.
Efficient combustion in the furnace leaas to hig£ hest recovery énd low
sulfur losses. Thg annual return is favored under couditions of high

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

Emission of Hydrogen Sulfide ' -
In a good combgstion atmosphere most of the hydrogen sulfide is

oxidized to sulfur dioxide. The concentration of hydrogen sulfide in
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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.

Veloéity_gg Secondayy Air

Comparing Tsble I and Table I‘I, we find that the vsldcity of the
secondary air éntering the furnace affects the snmnual return and the
air pollution. A high secondary air velocity provides tarbulence in
" the recovery furnace and hence increases'thefefficienc§ of combustion
of black liquor. On efficient combustion of black liguor, the sulfur
loss from the ekit-gas is reduced and the heat.recovery is increased.
It is postulated that the fume.emissipn is a function of éépondary
air velocity since particulate mafter leaving the furnace depends on
the vélocity of gases in the furnace. Therefore, secondary alr can

be used to minimize air pollution and maximize annual refurn.

' Soot Blowers

a

. . : ¢
When the furnace is operating under.poor combustion conditions,

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

P .
E ’

annual return as indicated in Table ITI and Table IV. The soot blowsrs

T

: -’ ' .. .
provide additional turbulence in the combustion zone.

Black Liguor Spray

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

the advantages of reducing air pollution and increasing ancual return

for both the oxidized. -and unoxidized liguor. When a fine zpray is used,

the air pollution is increased because of entrainment of 2 small amount
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of plack liguor in'ﬁhe’upper pgrt of the recovery furnace where buir-~

ing is poor.

Oxidation of Black Liquor

Table XV and Table XVI indicate the difference between unoxidiZed
liguor and oxidized liquor. The oxidized liquor appears to Le more

favorable than the unoxidized liquor,
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CONCLUSTIONS

1. The mathematical model can give annual return and odor

equivalent to hydrogeﬁ sulfide with givén"operating conditions.

2. The complicated air pollution ‘problem of a Kraft recovery
furnace unit can be effectively optimized by the mathematical modsl
with monitored data obtained on~énaly§is equipment at various oper-

ating conditions.

3. The mathematical model along with the cemputer. program can
help obtain a better understanding of how_thé operating conditions

affect the annual relurn and air pollution.
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APPENDIX A

ODOR THRESHOLDIFOR ATR POLLUTANTS OF A KRAET MILL

Chemical Odor Threshold Description of-'Odor
Hydrogen Sulfide O;OOﬁ7 ppm ‘ Bciied egg
Methyl Mercaptén 0.0021. ppm Sulfidy, pupigent
Sulfur Dioxide 0.47  ppm Oppressive

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

MAIN PROGRAM AND SUBROUTINES




WGLO S ON A WD O

OO W W WO WM PO IO NN M M) N TY e 1 g =t 02 et 2 32 0 00 N O O F 3

N ANEF WD NN O UTE Wi O

MAIN PREBGRAM

OCBMMAN TAX,CST,CMAINT,CNAS,CNACO s CNASS,CLABBR, HET» XNAS, XNASH
IXNACH2XNAs XCaXHp XSa X3, XINERT2 ST SRLR, TBLR, TALRH,BLBTU,FUME, S8L T,
PTRLI+SBLEs TBLE» TSTACK, TITLELaTITLER, TITLERSTITLE4: TITLESATITLES,
3CAP:PERCAPRATE s PPMSB 22 PPMHS s PPMCHS, PERCE 2, PERCE  EXBXY THTNA:
B TNAS WTNASE  WTNACH, SALT,PCDIBX,PHE, PSE:ACTATIRNR2END AR ANABAIR,
SENATRAHNETsRETUN,ODBR,8TH, AHD . -

READ INPUT DATA

900 CALL DATA o
IF(CAPWEQ0020) GO T8 600

CALL SUBRBUTINE MASS TB MAKE MASS BANLANCE CALCULATIENS
CALL MASS . , | , :
CALL SUBRBUTINE HEAT T8 MAKE HEAT BANLANCE. CALCULATIGNS
CALL HEAT - - , :
CALCULATE DEFRECIATIAN BVER TEN YEAR PERISD

DEP = CST/10% ‘ _

MO-‘-('—

CALCULATE ANNUAL RETURN - o '

18T TERM = PRAFIT BF MBLTEN GALT AND FUME LB8SS: 2ND TERM = PRAFIT

8F STEAM ASSUMIMING 50 CENTS PER 1000 LB 3TEAM

3RD DEPRECIATION, 4TH SALT CAKE MAKE P, B5TH MAINTAINACE CBSTa

6TH PREPERTIES TAX TEN PERCENT.7TH BLACK LIQUBR CBST., 8TH LABER

9TH MATERTAL LBSS DUE TB H2S, SB82. AND CH28H IN THE STACK GASES

RETUN = (WTNAS ¥ CNAS/2000e+ WTNACE » CNACE /10Gs +WTNASBRCNASH/
12000e)%({ L1 =FUME)¥ CAP * PERCAP * 3¢Zy /1006 + ( HNET/1145:2) =
2{0«5 /100020 ¥ CAP % PERCAP ¥ 365«/400¢ = DEP =3C » CHoSE #CAP +
ZPFRCAP & 2656/;100s #2030.3~ CMAINT = 0ol #GST S
Be((XS % 1425/32e)» CNASE/2000e + (XNA = (XS#182./32s)%29 %226 /142
B (1066 /{2 e¥230) ) *CNACH/L00) % CAP % PERCAP » '365./1004
H~CLABBRe (RATE %(FPMHE + PPMS82 + PPMCHSI/1e0F 061%14500%365+/
735%a« %142+ * CNASB/2000e

IF RETURN 18 NEGATIVE THEN N8 INCBME TAX

IF ( RETUN «LE. 0¢0) G8 T 750

RETUN = (1. = TAM) % RETUN

CARRELATE ALL AIR PBLLUTANTS T6 EQUIVALENT 8DOR STRENCTH 5F H2S

OO0 0 O




750

BDGR = PPMHS + PPMCHS * 0s0047/000021 + PPMS82 « 0?0047/0?47
CALL SUBRBUTINE 8UTPUT T8 PRINT 8UT ALL RESULTS 8F CALCULATIEN

CALL BUTPUT

G& TH 900

CALL EXIT

END

- '[-’-l.‘.
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BQPU*INf DATA
.OCBM%Q\ TAX;CSIpCMAIVT;CNASICNACBACNASE CLABBR, HST»XNAS;XNASF;
1XMACH : XNA XC 2 XHp XS XE;XIN*PuaSCa&RLR;TRIPsTAﬁRH;BhaTU sFUME,SBL 1.
2TBLI.A QRLEJTPLF:TQTACKATITLEiﬂTlTLEEJTTIL_3£TITLE#ﬂT TLES:TITLEG,
RCAPsPERCAP  PATE s PPMSE P PPYHS: PPMCHS , PERCE 2, PERCE EXOX Yo TOTNAS
- LWTNASsWTNAS GpVTNACOaSA!T_PCDLSX;PHGALSBp CTAIR/HOEND, AIRANAABALIR,
SEXAIRyHNET:RETUN, BDAR8TH, AHB
450 READ (105:300) TITLEYA TJTeraTITﬁEBJTTTLEa: TITLE
. READ (10%4105) CAP, PERCAP; RATE -
IF {CAP »EGs 0:0) GB T8 800
READ (10%.108) TAX:CSTsIMAINT2CNAS:CNACB:CNASHCLABER
"MTHALPY OF STEAM T8 DIRECT CANTACT LIQUER HEATER-
é053 104) HET L I )

. CPMPB IIIHN 6F Q!FLT (PEPCENT WETGHT AS S8DIUM)

. READ (10%, 10%) XNAS; XNASB, XNACH

DATA BF ELEMENTAL LIQUBR ANALYSIS-

READ (10%5,105) XNA: XCaXb,. XS» X0, XINERT o

THE  SALT CAKE ADDED T8 RF PER - 100LR BF BL SBLID

READ (10%, 104) SC - , A
CBMP AND TEMF af IIQUGR AS:FIRED IN RECBVERY FURNACE
READ (105, 105) SBLR,. TBLR

TEMPERATURE AND Me;sTuRE IN AMB ItNT AlIR
CDEAD (10%: 105) TA: RW E

GRESS LIQUBR HEATING VALUz PER PBUND BL S@LID

READ 1105, 106) BLBTU : . :
LAY BF FUME -
~READ (105, 1Ck) FUME

TEMP AND CEMP aF 8L Ta “CE AND FRBM DCE

READ(LI0S, 10B) S2L1, TBLI, SBLE:, TRLE

TEMP 8F STACK .

READ(LI0D2 105 TSTACK

READ (10%2105) PPMsE PDNuq,PHWCHGJPchaﬁpP RCOB,EXBXY

U'(

5, TITLEG

- 8-1'—(...




300
111
104
105
106
800

J

FERMAT (644 ) :
FARMAT( 10Xa SF20.3)°
FARMAT(3F10e0)

FERMAT (7F1050)
FRRMAT(2F1020)

RETURN '

END

- E.{T.
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SUBROUTINE MASS

DCHMMBN TAX,CSTCMAINT,CNAG,CNACE »CNASECLABBR, HSTs XNAS, XNASE
CLXNACEXNA L XCrXHs XS s XE;%IMEQTgSC;aPLR;TBL":TA:RH;BLBTU&FUMF;%BLi;
RTBLIGBLE» TBLEs TSTACK, TITLELs TITLERZs TITLER TITLE4TITLES,
ACAP; PERCAPRATE PPMSO2, PPMHSPPMCHE, PERCO 2 PERCE s EXBXY T“lNh;
HUTNAS s WTNASE , WTNACH,, 8ALTPCD1OX,P HD;PSQ;ACIAIthBFNDzA TRy ANA2 8

BEXAIRAHNMETRETUN,BDBR,GTH, AHB

‘TATAL SBDIUM IN FU
TETNA = XNA + SC x

2
WETGHT 8F CHEMICALS [N MBLTEN SALT
WTNAS =(XNAS * TOTNA # 784/(2¢ % 236))/1000
- WTNASS =(XNAS® # TBTNA * 142a/(22 % 232))/100,
WTNACE = (XNACB * TBTNA * 106+/(2+ % 23:))/100,

SULFUR TN M3SLTEN SALT _
GMS = WTNAS % 32+/78« + WINASH % 32¢/1%42¢
'SULFUR IN STACK GASES o
G = X8 + SC # 3Z./142e =~ SMS

MQLT:M SAIT FRAOM RF UNIT .

SALT = (WTNAS + WTNASE + WTNAFG * XTVERI # (10om
PEADUCT BF .IDEAL CHBMBUSTIEN:

PORIAGX = (XC = WTNACH % 12./1060) % 44s/120
WATER FBRMED o ‘

PHE = XH *'Lg /2

SULFUR DIaxXIDE FORMED

Pes. = Q{3 % &4.0/32

CTHEBRETICAL GXYGEM FOR ID Ah CGM%U”'TBN A
BTH = anEBX * 3an Alhba 4 PHB % 160 /18« # Psa #
‘MTNAGH # bhe/142e 4 WTNACE %48¢ /106s = 3SC. + ko
THEGRETICAL DRY AIR T8 AIR HEATER AND WIVDcﬁXf
"ATH = B8TH /0.232

_ﬁ—'-(-

326/6307 -+




24 ' : ACTAIR = ATH -

27 100 ACTAIR = ACTAIR + 0201 ¥ ATH

38 C MBISTURE IN ATR TE AIR HEATER AND WINDBBXES

29 AHE s ACTATR + RH

50 - C WATER LEAVTNF UNTT o

44 MEEND, = 1002 #* (40Q¢ = QRLI)/SBLI + 100« % ((100. = SBLRI/SBLR
Cou? : - 1={100s ~SF3LF">/SBLF) + PHE 4 AHB -. '
43" C PRY AIR.TH THE UNIT

Ly ) AR # ACTAIR % (1e = RH}

45 C NITRBGEN IN AIR

44 : . © ANA ® AIR % 02784

47 : " C SXYGEN IN-AIR

48 ' ’ BAIR = 70232 # AIR , .

49 - CALBXY = (BAIR = STH) % 100¢/(PCDIBX + HBEND 4+ PS8 + ANA + BAIR =
50 - 18TH) :

51 : ' IF(’ALHXYPLE s EXBXY) G8 Te . 100

52 , C CCALCULATE PERCENT 6F XCE°S AIR

53 EXAIR s 100: % AIR / ATH = 100

Y : RETURN 7 - '

55 : END

- S'ir
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SUBRQUTINE HE AT

OCHEMMAN TAX:CST:CWATNTJC\AS CNACBACNADS&CLABBQJHS‘AXVAQ;aVASBP
IXNACE ) XNA e XCp XHa XS XB s XINERT2 SCr SBLR: TRBLR TAsRH, BLETU,FUME, SBLLI
?TRLIASBL;pTBLFpIETACKaTTTLF’ﬁl’TIEB;!TTLF39TITLEHATTTL 52TITLEG,
ACAPIPERCAR s RATE s PPMSH 2 PPHHG s PPMCHS,, PERCE 2, PERCE s EXEXY s TBTNA,
4WTNA°:WT““SS;QTNAPQ§QALTe’CDI@XQPHBapoﬂgACTAlﬁvH END2AIR,ANA2BAIR,
DFXATQ uMFTﬂRFTLN; DBR, OTH, AHB

CALCULATISN 8F HEAT BANLANCES

CALCULATIEN @F HEAT INPUT - )

MIN .= BLETU % 100c + (100, = SBLIN*100. #(TBLI = TA )/8BLI
1+ 10Qe * Q045 £ (TBLI .» Ta- ) + HST %100:%( (100« = SBLE)/SBLE =~(
2100« = SBLRI/SBLR) A
CALCULATIDN'S? HEAT LGSS 3

MEAT lPQS IN STACK GASE

HSTACK = ( BATR = GTH + ANA +PSB + PCDIOX ) * 0e24 » (TSTACK = TA)

WEAT LOSS BF WATER IN STACK |
R = (AHE * 0s48 x(TSTACK = TA )] & PHB * (1040s + 0s48 *

CL{TSTACK =TA )) + (100«#{100> ?SBLI)/SBLI+100s%((100e2SBLRY/

2SRLR = (100e~SBLE)/SBLE))# (1040s + 0e48% (TSTACK = TA Yy
HEOAT LBSS IN MBLTEN 3ALT o

532 BTY 18 THE HEAT REGQUIRED TE W:LT 1 LB GF SALT

_ Is
HEALT = 832 % SALT

REDUCTIBON BF SALT CALE MAKE UP;-BOOOE BTU/LB NAd%Gﬂ
Pf“(‘ =~ 'QOH(\Q * SC

- CALCULATIBN BF RADIAP|TBH LESS ASSUMING eNE PERCENT BF HEAT INPUT

HR & HIN-% 0201 ~
UNACCRUNTED FaR aND MAVUPAC MQER A IN FGQ 2@5 kaLEN!
WMUMM = KIN # 0:020

B e e IR N R R

=R
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MEAT AF REACTION CERRECTIaN

FAR BAMB CALBRIMETER

DNASE. = X8 # {42:/320 _ ‘

DNACH = ( XNA = DNASE * "Ry % 23¢ / 142:) # 106:/(2: % 230)

pLe2 = (XC w"DNAc& % 1Pe/106e)% Lh, /1f°

DHA = XM % 18:016/2:016 _ . L
HREA = DCB2 % 38h/5 + DHB «x 6R32:.+ DNACE = b577g + DNASE %4190
1=PCDIAX*3847 2% PERCE2/( PERCO + PERCAZ ) h -
2-PCDISY*1248.% PERCB/( PERCE + PERCEZ

Y % 2
3= FGD % 1830« x PPMSHa/ U PPMHS + BPLGHR <+ P
4vP88*252¢¥’34 /64 ) £ PPMHS / (PPMHS «PPM552

0

5ePoR*86a% (4 a/64n,xPPVFH 5/ (PPMHS+FPMGR2+FF
6=WTNACE “5779”2070«*(XNA nWTNACH#2e%23: /1060 ) »
7=PHOA®ER372: = WTNASH % 41390« '

NET HEAT REC@VERED ' . :
MNET = HIM = HSTALK = HHEG » HSALT « HSC = HR = HUMM = HREA

EETURN
e "\‘D

8 / 2«*23p)

‘Ur'
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SUBRBUTINE BUTPUT

0COMMEN !AXJC%T;CMAYNIpC\AS;CNACS CNASB.CLABBR, HSTpXNA83XdA Er -
IXNACB s XNA» XC s XHo XS XB 2 X INERT2SCs SRLR, TRILRs TA2RH s E BLBTU.FUME,QBL T,
ATBLI 8BLE, TBLE, TSTACK TITLE ) TITLE R, TITLER, TITLEL4» TITLES, TITLEG,
ACAPPERCAP,RATE » PPMSB2, PPMHS, PPMCHS,, PERCE 2, PERCE A EXOXY s TATNA
GUTNAS, WTNASE  WTNACO, SALT,P CD;ﬁyxphﬁpPSﬂﬁACTATQéHqEVDgALR ANAsﬁAlQe
BEXAIRAHNET,RETUN, E)BQ;BTH;AHH‘

RITE(108:200) . . '
200 FnRrAT<1»1;Ta%;€ ESULTS GF'CALCULATI@N!/) - :
WRITE (108,301) TITLELs TITLE2s TITLES TITLEASTITLES, TITLES

201 FARMAT(T25,6A4/) _
© WRITE (108,201) CAP . ;
201 FERMAT (725:1CAPACITY 8F RE1,F15
WRITE (108;802) PRIMHS ; PPMCHS » PPM:
202 FARMAT(TRS,'EMISSIGN BF AlR PBLL
14Xs 1CHIGH' ,F 622, T.PPMIshy, 18021
WRITE (108,203) BDAR ‘
203 FBRMAT(T25,'8DBR EQ HAS ’pre4s' PEM1T /)
WRITE{108,204) XNAS. XNASS: XNACH .
204 FERMAT(T25,'COMPOGSITIAN BF SMELT "IN WEIGHT PERCENT AS SBDIUM'/
1T25y'NAES’)FgeEaSX;?NA?SQQI«FPe?;SXpFWAEC@J‘; 8ep) _
WRITE (108, 249) CNAS: CNASB: CNACS :
P49 FORMAT. (T25s4XsF8e2s1 3/TONt2RXaFBa2," $/TON',8XF892s1 /100 LBS!
1/) S . . .
WRITE {(108,205) XNAp XCa- XHs XSp X0, XINERT .
'205 FERMAT (T259» 1ELEMENTAL 2L L10USR ANALYQIQ /5. INAY 3 PR 2, BX,
CTaFBeR DR IHTsF8eR; BXs 151 ,F 802257 '6‘~r892»4Xa?INERT?;F892/)
A91T€(105 206)° sC :

gé’,LBS BL S8LID PER DAY!/)
TANTS'/T25s 1H2S19F622,t PPMT,
Fée2s 1 PPMI/) o

8
a
a9
U
’

206 F@QMAT(iPSJ SALT CAVE WAK” !;FSA »t LB PEQ 100 LB BL Sagioe/>
WRITE (108 »ao7>T5L1ﬁ, L1, TBLEs SBLE, TBLR, SELR ,

...8‘,-!...
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17738+ 'FREM DrE AT1iFG,021 F AND?!:F6aR, ! FERCENT!/
2T38s 1IN THE AT?;FRQO;e F AND! Féa2s1 PERCENT'/)
WR ITE(1089209) TQTACV A .

POR FBRMAT(TR5,'STACK GAS LEAVING DLE A|'£F5°O;7 Fi/)
CWRITE(108:,202) TAsRH

209 FERMAT(TPS,'AMBIENT AIR TEMP!sF5:0:¢ F?;8X3°MGISTURE IN AIR 1,

1F6.3s ' LB/LE AIR1/) |
WRITE (108,210) BLBTY . . 3 :
210 FRRMAT(T25,'GROSS LIGUBR HEATING VALUE',F12.2,' BTU PER LB SBLID!

-

17)
WRITE (108.211) FUME :
211 FQRWATc;E%JVLPaS 8F FUMF’;F1093p' PER LB ﬂF B sBLID!'/)
CWRITEL10R, 214 1EXBXY '

‘214 FERMAT (T25,1EXCESS @2 IN STACK? F§3Ep ' PERCENT')

WRITE (10&9212) ACTAIR, "EXAIR

212 FERMAT(TESJﬁAIR T8 RF1sF10e2st LBS PER 100 LB BL SBLID's 4X:
{1EXCESS AIRYF&eRs! PERCENT!/) - ‘
WRITE(108:213) HNET», RETUN

213 FOBRMAT(T25: 'NET HEAT RFPBVERED’ Fi
1725, 'RETURN FRaM THE RF lT'ﬁraﬁe
RETURN
END

Se
O

%TU EER 100 LB Bl sgliDt/

,907 FHRMAT(IE)»’STQB\C LIWUPR T6 DCE AT«;FRaOp‘ FOANDY  F62201 PERCENT;

1
=
b
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APPENDIX C.

RESULTS OF CALCULATION




: Table I. Results of calculation.
/SEC ‘ |

45 FT/SEC FOR SEC AIR

CAPACITY 8F RF 2L00000. LBS BL' SBLID PER DAY

EMISSTEN OF AIR POLLUTANTS |
"2 8450 PPM  CR3SH 12.40 PPM  S82 4710 PPM

3DAR EQ HES  112.7234 PPM
CoMPBSITIEN OF SMELT IN WEIGHT PERCENT AS S8DIUM

NA2S 2850 © NA2SB4 . 1.50 NA2CE3 70200
© . 12675 %/TON 2450 $/TON ¢ 250" /100 LBs

ELEMENTAL Bl LIQUER ANALYSIS . : : o .
NA 18030 C 42.60 - M 260 S .3=60 - 8 3170 INERT

SALT CAKE MAKEUP 4.1700 LB PER 100 LB BL SBLID
5TRENG L1BUBR TO DCE AT 18ps F AND 50:00 PERCENT
"FRBM DCE AT 180 F AND 64200 PERCENT
IN THE RF AT 220+« F AND .62¢80 PERCENT.

STACK GAS LEAVING DCE AT 130+ F

AMBIENT AIR TEMP  80s F MBISTURE IN AIR 02013 LB/LB AIR

GRASS LIGUBR HEATING VALUE 66006000 BTU PER LE SELID:

L8388 AF FUME .  0:01g PER LB BF BL S8LID

EXCESS B2 IN STACK 1040 PERCENT - !

AIR . TH RF 526+20 LBS PER 100 LE BL 88LID _EXCESS AIR 9654 PERCENT
NET HEAT RECBVERED §173%6¢ BTU PER 100 LB .BL SBLID

RETURN FRBH THE SF

UNIT PLIGTEs $/YEAR




. . ..’i’ab.lé IX. ,R_e"sults 01" calc_u_.la_tibn,
180 FT/SEC AT SEC AIR

CAPACITY BF RF . 2400000+ LBS " BL SELID PER DAY

FMISSIAN @F AIR PALLUTANTS -
HRS  0+01 PRM  CH3SH 0.00 PPM "" 502 0.20 PPM

8DRR EQ H2S 0 01+o PPy
COMPBSITIAN BF SMELT IN WEIGHT PERCENT AS S8DIUM ‘
NA2S = 28:50 . - NARSB4 150 © NA2CB3  70:00 ‘
- 126-75 %/TEN 2450 £/76N 2:50 $/100 LBS

ELEMENTAL BL LIGUBR ANALYSIS . -
NA  18,3p C 42460  H 3460 S 3:60

(=}

3170 INERT
SALT CAKE MAKEUP 4.1700 LB PER 100 LB BL S8LIp
STRENG LIGUBR T8 DCE AT 1éga F AND 50200 PERCENT

: . 'FROM DCE AT 1800 F AND 64200 PERCENT

- IN THE RF. AT 220~ F AND 62080 PERCENT

STACK GAS LEAyiNG,DCE AT 180. F
AuwIENl AIR TEMP 8G. F- MBISTURE IN AIR '0:013 LB/LB AIR
npn L;@U&R;HEATING VALVE 620-00 BTU PER LB SELID
LGSS 8F FUME o 010 PER LB BF BL 9L \

EXCESS 82 IN STACK 1040 PERCENT ‘ .
AIR- T8 RF 526.20 LBS PER 100 LB BL $8LID, EXCESS AIR  3+56 PERCENT

NET HEAT RECBVERED 418258« BTU PSR 100 L5 Bl 39110
RETURN ¥REM THE RF UNIT 2369540 #/YEAR




. : Table IIT. Results of calculation.
PGER CAME SEOTBLEWLR 6FF ' =

CAPACITY BF RF 24ooooo° ILBS - BL SBLID PER DAY

EMISSIBN 8F AR PBLLUTANTS o
Hea B6:40 PPM CH3SH. 7:96 PPM saz 57:20 PPM

RDRR ER HRS 74e7872 PPM

COMPESITIEN BF SMELT' IN WEIGHT PERCENT AS S8DIUM

NARS  28.50° - NARSO4 T 1650 NA2Ca3  70:00 :

T 126+75 /TN T 24950 $/TON © 2:50.%/100 LBS
ELEMENTAL BL LIGUBR ANALYSTS . | | |
NA 1830 ' C " 42.60- H 3"60- S o 3:60 & 3170

SALT'CAKE MAKEUP  4.1700 LB PER 100 LB 8L %BLID
%*”BNG LIQUBR T8 DCE AT 1%09 FOAND 50200 PFRCFNT
FRBM DCE AT 180« F AND 64200 PERCENT |
IN THE RF AT 220+ F AND 6280 PERCENT
| STAcK GAS LEAVING DCE AT 180. F

AMEIENT AIR TEMP  80» F .  MEISTURE IN AIR .0:013 LB/LB AIR

GROSS LIBUBR LEATING vaLUE 6600-00 BTY PER LB SBLID

LeSs 8F FUME  or010 PER LB OF BL saLID

EXCESS 82 IN STACK 1.40. PERCENT .

ATR T8 RF 526920 LBS PER 100 LB BL $6LID = EXCESS AIR 9+56 PERCENT
NET HEAT.RECBVERCD 024152 RTU PER 10C LB 5L SBL;D |

JETURN £2RM THE RE UNIT ' 219358 $/VEAR

INERT 020




. S Table, IV. Results of calculation.
PEBR COMB SEBTBLOWERS 6N ' :

CAPACITY @F RF  °  2400000. LBS ~BL $8LID PER DAY

EMISSIBN BF AIR PRLLUTANTS . . _
H2S 12260 PPM  CH3SH. 0.74 PPM - S82 53.00 PPM

IDER EQ HES.  14e7862 PPN
CEMPBSITIBN BF SMELT IN WE[GHT PERCENT AS ‘SBDIUM
NA2S . 28150 - NARSBA 150  ©  NARCS3 7000
126275 s/TON 2ho50 $/TON 2450 $/100 LBS

ELEMENTAL BL L1QUBR ANALYSIS E - L .
NA -~ 1830 - C 42480 H 3«60 S 3:60 8  31.70 °  INERT

SALT CAKE MAKEUP 4+1700 LB PER 100 LB BL S6LID
'STRENG LIQUSR T8 DCE AT 180. F AND 50000 PERCENT
| " FRBM DCE AT 1800 F AND 64200 PERCENT
IN THE RF AT 220+ F AND 62080 PERCEMT

STACK GAS LEAVING DCE AT 180s F

AMBIENT AIR TEMP gae F MEISTURE IN AIR 02013 LB/LB AIR .
GRESS LIQUAR HEATING vALUE £600+00 BTU PER 13 SOLID | .
LeSS BF FUNE 0010 PER LB 6F BL SOL1D
EXCESS éa IN STACK 1e40 PERCENT : L
CAIR TR RF  526.20 LBS PER 100 LB BL SBLID  EXCESS AIR 956 PERCENT
NET HEAT RECBVERED - 402934 BTU PER 100 LB BL S&Lib |

RETURN FROM THE RF-UNIT 237504y %/YEAR

0420
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, . - Table V. Results of calculation.
GapD CAMB SEGBTBLEWERS BN -

CAPACITY BF RF 2400000+ LBS BL S8LID PER DAY
EMISSIBN BF AIR PBLLUTANTS , _
H2S 0e00 ‘PPM  CH3SH 0.00 PPM sg2 0«04 PPM
-8DPR EQ H2S - 0:0004 PPM ,
CEMPBSITIEN 6F SMELT IN WEIGHT PERCENT AS S8DIUM
NAZS  28.50 NAZSH4 1450 - . NA2C33 7000 |
R 126275 /TGN _ 2he50 $/TBN - , : 2950 “p/lOO LB‘”

ELEMENTAL BL LIGUBR ANALYSIS | | | -
NA 18430 C - 42.60 i 3060 S 3:60. , B 31@'7_0

SALT CAKE MAKEUP . 4.1700 LB PER 100 LB BL S8LID
STRONG LIGUBR T8 DCE AT 18p. F AND .50.00 PERCENT
. FRAM DCE AT 180e F AND- 64000 PERCENT
IN THE RF AT 220+ F AND 62580 PERCENT

STACK GAS LEAVING DCE AT 180e F

AMBIENT AIR TEMP 80e F MOISTURE IN AIR 0.013 LB/L8 AIR
éaﬁgs LIGUAR HEATING YALUE ’ ésdoeoo BTV PER LB seLID |
LSS BF FUME  Qu0lo PER LB 6F Bi S8LID
EYCESS 82 IN STACK 2.60 PERCENT . . |
AIR T8 RF  568+87 LBS PER 100 LB BL SBLID  EXCESS AIR 18+44 PE
CNET LH?A" ”ffﬁvﬁQED 17295 BTYU PER 100 LB BL SHLTD

r-sr--UGN pnw T 4: rJF' UNIT 2%51‘;’7Q —5 \,/,_}R

INERT 0+20

RCENT




: o TabWe vI. ﬂeudlts of calculatiorn.
UNBX LG FINE SPRAY

CAPACITY 8F RF 2400000+ LBS BL SBLID PER DAY

EMISSTON 8F AIR PELLUTANTS '

HES .. 2e40 PPM  CH3SH 0012 PPM  S82 10070 PPN

3DBR EN HES  2:7756 PPM |

COMPBSITION 8F SMelp IN Wp1GHT PERCENT. AS.58DIUM"

NA;_-:S 28“50 ‘ NAESGL{. 1QBO NAZCSB /O OO

126275 &/TAN : 2he50-s/7BN 2:50 $/100 LBS

ELEMENTAL BL LIQUBR ANALYSIS Lo ‘ o
NA  1Re30 - € hRe60 H© o 3.600 0 S 3.60 .8  31.70 ©  INERT

SALT CAKE MAKEUP  4+1700 LB PER: 100 LB BL 'S8LID -

'sT"ewﬁ LIGUBR T8 DCE AT 18ne F AND 50.00 PERCENT.

FReM DCE AT 1Qoe F'AND 6400 PERCENT _
IN THE RF AT 220s: F AND 62080 PERCENT,

STACK: GAS LEAVING DCE AT 1&0. F

AMBIENT AIR TEMP &Ce F . MBISTURE INAIR 0.013 LB/LE AIR
R385 L1QUAR HEATING VALUE £600+00° BTU-PER LB 35LID
LGSS BF EUME 0-01c PER LB 8F 3L s8LID
EXCESS B2 IN STACK 3.00 PERCENT o : .
ATR TH RF 583009 LBS PER 100 LB BL S6LID  EXCESS AIR 2140 PERCENT
U NET HE AT RECBVERED 416632s BTU PER 100 LB BL S8LID
RE ‘r‘!. LRL,U THE RE UNIT . RP728T e ',-S/YEAR




| Table VII, Results of calculation,
UN%X [.Q CPARSE SPRAY : ' : :

CAPACITY oF RF 2400000+ LBS BL- SBLID PER DAY
EMISSION BF ATR POLLUTANTS R :
HES  0+02 PPM CH3SH 0«00 PPM SB2 2¢12 PPM

»85%R EQ H2S3 00412 PPM
CEMPBSITISN O6F SMELT IN UE GHT PERCENT AS S8DIUM ’
NAPS ?daoo : NAZSB& 1450 NA2CE3  70:00
' 126+ 75.$/T8N : 24450 /TN 250 $/100 LBS
ELEMENTAL BL LIQUER ANALYSIS ,
NA 1830 € 82660 b 3.60 S 3260 8 3170 INERT

SALT CAKE MAKEUP 491700 LB PER 100 LB BL SELID

STRENG LIOUSR T8 DCE AT 180> F. AND 50,00 PERCENT
FREM DCE AT 180+ F. AND 6%4e00: PERCENT
IN THE RF AT 220+ F AND 62:80 PERCENT

STACK GAS LEAVING DCE AT 1g0s F

AMBIENT AIR TEMP  &0e F ' . MSIQTUR IN AIR  0»013 LB/LB AIR

GRASS LIGUIR HEA ATING VALUZ 650 Oeog‘dTU PER LB SaL1bd

LASS DF FUME 0:010 PER LB 8F BL $8LID

EXCESS 82 IN STACK. 3¢00 PERCENT S . :
AIR T8 RF 583:09 LBS PER {00 LB BL. S9L1D  EXCESS AIR 21e40 PERCENT
NET HEAT RECOVERED 5i6928: BTU FER 100 L3 8L S8LID

RETURN FREM TH E_hF UNTT 2838240 B/YEAR

R




2400000e LBS

EMISSIRN OF AIR PELLUTANTS
HRS 0e37 PPM 'CH3SH 0«12 PPM
BDAR EQ H2S 0e7366 PPM
CAaMPESITION 6F SM“LT Iw WLYGH. PERCE
"NAZ2S 28.50. NAZSBL . 150
126:75 /T8N 24«50

ELEMENTAL BL LIQUBR ANALYSIS
NA 12,30 C 42450 H
SALT CAKE MAKEUP - 441700 LB PER 10
STRENG LIGUER T8 DCE AT 180s F AND
FRAM DCE AT 180+ F AN
IN THE RF AT 220: F
STACK GAS napvzxq DCE AT 180e F
MBTENT ALR TEMP

&0e F MB 1l

GROSS LIGUBR HEATING VALUE 660

0s010 PER LB 8F B

—

638 BF FUME

EXCESS 82 IN STACK 3,20 PERGENT
"AIR T8 RF 587083 LLBS PER 100 LB

HEAT RECBVERED

L 416747
URN %qsr THE RF UNIT

NET
RET

BL' SBLID PER DAY

S52 '9.80 PPM

ENT As QEDIUM
NAZCR3 70=00
$/TON . 2430 $/100 LBg
3460 '8 360 8 3179

0 LB BL S“LID
50:00 puPCFNT

D 64200 PERCENT
AND 6280 PERCENT

STURE IN AIR (013 LB/LB AIR
0,00 BTV PER LB SBLID

L ssLID

BL qeL'D' EXCESS AIR 22¢39 P

BTU PER 100 LB RL. QGL D‘
ﬂscsﬁsa s/YEAR




Table IX,“ﬁesﬁ;ts of ‘calculation,
a% LB CHARSE SPRAY , -
CAPACITY BF RF 2400000+ ‘LBS  BL SBLID PER DAY

SSIQN &F AIR PBLLUTANT°

E‘I
HES 0100 PPM CH3SH ™ 0.00 PPM $82  0.08 PPM

ADER EQ HR2S 0:0008 PPM

CAMPBSITIEN B8F SMELT IN WEIGHT PERCENT AS S8DIUM
NAZS  28e30 ° NA2SH4 150 NAZCE3 70200

126:75 $/TBN . 24450 $/TBN . 2:50 /100 L8S -

ELEMENTAL BL LIGUSR ANALYS]S
NA- "18.30 ' C .42.60 -~ M 3460 .S 3:60 B 3170

SALT CAKE MAKEUP  4.1700 LE PER 100 LB BL S8LID

STRONG LIGUBR T8 DCE AT 180« F AND 50:00 PERCENT
FROM DCE AT 180« F AND 64200 PERCENT
CIN THE RF © AT 220+ F AND 6280 PERCENT

STACK GAS LEAVING DCE AT 180s F.

AMBIENT "AIR TEMP  R0s F MEISTURE IN AIR o 013 LB/LE ATR

BRERS LTAUBR HEATING VALUE 460000 BTU PE? LB SQLI“

| 50010 PER LB 87 BL SBLID

2 IN STACK 320 PERCENT . ) '
F | 587.83 L3S PER 100 L3 BL SBLID

'r:
(1

£D 4163264 BTU PER 100 LB BL $aLID
‘ , : PRAPGE e BIYEN .

“

ESS AIR 2239 PERCENT

INERT




'38% SECBNDARY AIR AT 180"

Table X. Results of calbulgtiqnf

CAPAFTTY 6F RF . éhOOOooo LBS BL S8LID PER DAY_
FMISSIAN aF AIQ PPLLUTANTS
HFG 0=00 PPN CH3I8M Ce.00 PPM S82 008 PPM

9NBR Ef HPS 00008 PPM
'L“NDGQITI“N BF SMELT IN WtTGHT PERC"NT AS S8DIUM A
NAZS . 2850 NAZSEE . 1450 NA2CB3  70-00

12675 $/TSN . - 2450 $/TON. ' 2,50 /100 LBS

ELEMENTAL Bl LIQUBR ANALYSTS

- NA 18, 3@ . C 42360 - . H 3060 s 3:60 & 31-70 INERT

LT CAKE MAKEUP 441700 LB PER 100 LB BL.SSLID

STRENG LIGUER TO DCE AT 180¢ F AND 50.00 PERCENT.
. FREM DCE. AT 120» 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 . 80s F @ 1°Tuqr ™ AIR 01? LB/LB AR

4R383 LIGUSR HEATING VALUE 0:00 87U »E La S8L1D

L&ﬁé Ar FUME 0:010 FER L8 oF -BL sal 0l |

EXCESS B2 .IN STACK Zeiq PERCENT , ‘ ' '
AIR T8 RF 54930 LBS PER 100 LB BL SHLID ; EXCESS,.AIR 14»49 ppchp
NET HEAT RECOVERED . 'a1,7aTq BTU PER 100 LB 2L s3LiD

PETURM FREM THE RF UNIT | 2BE051r S/YEAR




o ' 'Table'Xlﬁ_Results of calculation.
35% SECBNDARY AIR'AT 180

CAPACITY OF RF ~ 2400000+ LBS BL SBLID PER DAY
EMISSION 8F AIR PBLLUTANTS
H2S . 000 PPM *  CH3SH '0.00 PPM sg2 001 PPM
BORR EQ HRS - 0:0001 PPM
CEMPESITION BF SMELT IN WEIGHT PERCENT AS SSDIUM
NA2S 28s50 NAZSEC4 1.50 . "NA2CB3 70200
126175 $/TON: . 2he50 $/TON - 2:50.4/100 LBS

ELEMENTAL 8L LIGUSR ANALYSTS - | ' ‘
NA| 18.30 . C. 42e60 H 360 S 3:60 8 31470 INERT

SALT CAKE'MAKEUP 4.1700 LB PER 100 LB 5L S6LID o s
STRGNG LIGUBR T8 DCE AT 18p. F AND 50.00 PERCENT -
©  FROM DCE AT 180« F AND 64200 PERCENT | -
INTHE RF AT 220+ F AND 62080 PERCENT

STACK GAS LEAVING DCE AT -180» F

AMBIENT AIR TEMP 80, F - MBISTURE IN AIR . 05013 LB/LB AIR’

3Regs LI1RUBR HEATING VALUE 6600400 BTU PER LB ‘58010

LBSS BF FUME 0010 PER £5 67 gl S3LID

EXCESS 82 IN STACK 4.80 PERCENT IR

AIR T8 RF: ". 658,93 LBS PER 100° LB BL $6LID ~ EXCESS AIR 3719 PERCENT
NET HEAT RECBVERED | 415067« BTU PER 100 L3 ‘BL S3LID

RETURN FRAM THE

HE RF UMIT PBOS1L9: B/YEAR .

0920
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) ‘ _ A?@blEHXII,lResults of calculation.
35% SECANDARY AIR AT 180" : S

CAPACITY 8F RF -~ 2400000+ LBS. BL S8LID PER DAY

EMISSION 6F AIR P3LLUTANTS
28 0.00 PPM  CH3SH - 0.p0 PPM 532 .0e04 PPM

8DER EQ HR2S: 0+000% PPM

CEMPESITION 8F SMELT IN WgIGHT PERCENT AS S8DIUM

NAZS . 28+30 NARSB4 150 NA2C83 7000 ‘
126475 ¢/TON (25050 $/TON 2450 $/100 LBS

EL?% TAL Bl LIQUBR ANALYSTS S o ,
NA  18¢3p © C° 42 60 . H 3:60 S . 3:60C B 3170 .INERT

' SAfT (CAKE MAKEUP 4. 1700 LB PER 100 LB BL SBLID
STRONG LIGUGR 78 DCE AT 180s F AND 5000 PERCENT
FREM DCE AT 120 F.AND 64200 PERCENT
IN THE RF - AT 2205 F AND 62+80° PERCENT
STACK GAS LEAVIVG DCE AT 4800 F | |
‘AM%IE\ AIR TEMP- £0. F MBISTURE IN AIR 0.013 LB/LB AIR .

F

AJ

2

385 LIGUOR HEATING ValLUp 6600au0 BTU PER LB SSL:
L8855 SF FUME 0a010 PER LB oF BL S?LID\

EXCESS 82 IN STACK 4s4Q PERCENT o
AI% T8 RF 39@97 LBS PER 100 L& BL SB*ID- ' EXCESS AIR 33@94 FERCENT

NtT HFAT QFC@VEREW 415536;,8TU PER 100 LB BLL.38LID
RE TURN :PeM THE RF UNIT ° o 281805« $/YEAR

O

220
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' N . ¢ Table XIII. Results of calculation.
35% SECANDARY AIR AT 180 - | .

CAPACITY BF RF 2400000 LBS BL S8LID PER DAY
EMISSION B8F AIR PBLLUTANTS S
H2§ 0200 PPHM CH3SH Q.00 PPM' ~ 882 0607 PPM
aDaR EQ H28 . 0:0007 -PPM _
COMPOSITION 8F SMELT TN WEIGHT PERCENT AS SODIUM: .
N,I'\ES . 28'!50 NABS@L} 1"50 - NAECB3 70900
126275 s/T6N 2ke50 &/TON 2:50 %/100 LBS

FLEMENTAL BL LIRUBR ANALYSIS ' _
NA 18030 C - 42960 H 3”5(? g 3460 a 31.70

SALT CAKE MAKEUP h.1700 LB PER 100 LB BL SBLID

STRONG LIGUSR T8 DCE AT 18+ F- AND 50400 PERCENT
FRAM DCE AT 180e F AND 64000 PERCENT.
"IN THE RF AT 220: F AND 62:80 PERCENT

STACK GAS LEAVING DCE AT 180e F

AMBIENT AIR TEHF.. 800 F TMBISTURE IN AIR 0,013 LB/LE AIR
GRESS. LIOUBR HEATING VALUZ 6600-00 BTU PER LB SBLID
LBSS 8F FUAE ° genio PER LB OF BL SBLID

EXCESS 82 IN STACK 4:40 PERCENT,

INERT

AIR T8 RF 639227 LBS PER. 100 LB BL SBLID EXCESS AIR 3324 PERCENT -

NET HEAT RECBVERED - 315836e BTU PER 100 LE BL S6L1D
RZYURN FRBM THE RF -UNLTY 281797 R/YEAR

020

._(59_.




. : , Table XIV. Results of calculation. -
3%% SECENDARY AIR AT 180 g

CAPACITY 8F RF 2400000« LBS BL SBLID ‘PER DAY

EMISSIEN BF AIR PBLLUTANTS
428 0.00 PPM  CH3SH 0«00 PPM  SBZ 0.04 PPM

gDAR EQ HA8 0:0004 PPM

L

COMPASITION 8F SMELT IN WEIGHT PERCENT AS SBDIUM
NAZS  28:50 NARS4 1.50 NA2CB3  70+00
126475 /TON 24050 $/T6N 2,50 $/100 LBS

ELEMENTAL BL. LIGUGR ANALYSTS
NA 18,30 C 4240 H 3.60 '3 3:60 & 3170

SALT CAKE MAKEUP 401700 LB PER 100 LB BL S8LID
STRANG LIRUBR T8 DCE AT 180« F AND 50.00 PERCENT
FRBM DCE AT 180« F AND 64200 PERCENT
IN THE RF AT 220« F AND 62:80 PERCENT
STACK GAS LEAVING DCE AT 180+ F |
AMRIENT ‘AIR TEMP  20. F MEISTURE IN AIR 0.013 LB/LB AIR
GRASS LIGUOR HEATING VALUE 6600400 BTU PER LB $8LID
LSS BF SUME | 00010 PER LB EF BL 88LID
“XCESS 82 [N STACK 3010 PERCENT
IR T8 'RF

 NET HEAT .RECBVERED . 316826 8TU PER 100 L
RETURN FREM.THE RF UNIT : 2REPT71s $/YE

B&7.83 LBS PER 100 (B BL SBLID EXCESS AIR 22039 PERCENT

INERT

020

“ho-




UNBXIDIZED LIGUBR

Tavle XV, Results of calcula tion s

CAPACITY 8F RF . -~ 2400000s LBS BL SBLID PER DAY

EMISSIBN BF AIR PBLLUTANTS N o
HRs 72:40 F’Pif’_l. ' CH3SH '3 45 PPM SG,_‘E 1000 PPM.-

BDER EQ HES 80:221% PPM

COMPBSITIBN 6F SMELT IN WEIGHT PERCENT AS SBDIUM | '
NARS = 28+50 . NAZSHE4 . 150- - NA2CE3 : 70:00

126475 $/TEN | 24450 $/TON 2450 $7100 LBS
ELEMENTAL BL L1OUBR ANALYQIS R o | | |
NA 18330 © k250 . K 3e60 S 3160 . 8 31.70- INERT 020
SALT CAKE MAKEUP 4+1700 LB PER 100 LB 8L S6LID . . | | &
STRONG LIGUSR T8 DCE-AT 180..F AND 50.00 PERCENT S o ¥

FRGM DCE AT 180s F AND 64200 PERCENT
IN THE RF AT 220: F AND &2+80 PERCENT -

STACK GAS LEAVING DCE AT 180s F

AMBICNT, AIR TEMP 80 F . - MSISTUQE IN AIR: 05013 LB/LE AIR
GRASS LIQGUAR HEATING VALUE -oeooeo" BTU PER LB S9L1D
L0838 3F FUME - g.0ig PER LB 86F BL S8LID

EXCESS 82 IN STACK 300 PFRCE\T
AIR T8 RF 583.09 LBs PER 100 LB BL S&LID EXCESS AIR 21040 PFRCFWT

NET HEAT REC@VERED . 415493« BTY PER 10C LB BL seLid”
RETURN FRAM THE RF UNTT T . 265509 s’v:AR :




BXIDIZED L 1GU3R

CAPACITY. 8F RF' 2400000 LBS .BL S8LID PER DAY
EMISSIAN 8F AIR POLLUTANTS
H2S. #+16 PPM | CH3SH 41.42 PPM  $32 1000 PPM
ADGBR ER H2S 704381 PPM

. COMPESITION 8F SMELT IN WgIGHT PERCENT AS SEDIUM .
NARS . 2850 : NAESBq- _ 150 NA2CH3 70200

12675 $/TON - @%450 S/TON- . 250 %/100 LBS

ELEMENTAL BL, LIQUBR ANALYSIS | | |
NA 189,‘3(-)' .C 4296 Lo H 3eH0 S~‘ . 34‘60. 6 31»7\0 INERT

SALT CAKE MAKEUR 491700 LB P%R 100" LB BL SBIID
STRaNG LIPUGR TB DCF AT ldn.-F AND 50~ oo PERC ENT
FROBM DCE AT 180 F AND 64200 PERCENT -
IN Th& RE AT 220+ F AND 62480 PERCENT
STACK GAS: LEAVING DCE AT 180s F

AMBIENT ATP TENP 8Os F o MBISTURE IN AIR 0013 | B/LE AIR

GRESS LIQUER HEATING VALUF (6VO +00 BTU PER LB CB»ID

Lass oF FUME‘I_ 0:010 PER LB 0F BL - SLLD L

EXCESS, 82 IN STACK. 301G PERCENT | _ L
AIR TB RF" 58783 LBS PER 100 LB Bl‘SuLIﬂ 'EXCESS AIR 22+39 PERCENT
NET HEAT RECBVERED . "alsgce. BTU PER 100 L8 BL b“LIO

RETURN FREM THE RF UNTT ° T 2782394 $/YEAR

0220

-.99-




SEC AIR AT 41.0%

_ CAPACITY 8F RF

EMISSIBN BF AIR POLLUTANTS

2400000+ - LBS

_Table XVII, Results of calculation,

BL SBLID PER DAY

H2S. 0.0l PPM CH3SH 0400 PPM S82 0+20 PPM
BDER EO H2S  0.0140 PPH ‘
. COMPBSITION. BF . SMELT N WEIGHT PERCENT AS S8DTUM
NARS . 28+50 - Na2ses 1350 NAZCE3  70:00
: 1?6:75 s/76N° .- 7 24eB0.$/TBN 2:50 $/100 LBS
ELEMENTAL BL L1GUBR ANALYSIS _ .
NAT 18430 C - 42+60 . H 3.60 S 3460 8 3170 INERT

SALT CAKE MAKEUP

\TRPNC L_QUGR T DCE AT

4oi7no LB PER 100 LB BL: SBLID

180+ F AND 5000 PERCENT

- FRBM DCE- AT 180e¢-F AND 64200 PERCENT

IN THE RF

STACK GAS LEAVING DCE AT

AhBIENT KIR TEMP SOa F
GrRASS

L85 BF FUME D0t

EXCESS 82 IN STACK 3e4p P

AIR T8 RF 59731 LRS
NET. HL&T ?EC@VERaU

RETURIL FREM THE RF UNIT

LIOUBR HEATING VAL

FER LB 8F BL

AT 220« F-AND 62:80 PERCENT
1800 F _ -
: MézSTuéE IN AIR 0a013 LB/LB AIR
UE-W 6600-00 37U PER LB SBLID |
SOLID |

ERCENT . B v
FER-100 LB BL-S8LID  EXCESS AIR 24036 PERCENT
416499 BTU PER 100 LB BL S8LID

T 283593« $/YEAR |

0«20

-L9_




~ TabYe XVIII, Results of calculation,

SEC AIR AT 3645

CAPACITY. BF RF " 2400000 LBS BL S8LID FER DAY
EMISSIBN BF AIR POLLUTANTS | f
H2S 0:01 PPM  .CH3SH Q02 PPM' - S82 0010 PPM
aD2R EQ H2S 050528 . PPM »

. COMPBSITIEN BF SMELT IN. WETGHT PERCENT AS SBDIUM
NAZS 28.50 - NA2S84 - 1.50 - NA2CE3

126475 $/T8W R E4s50 #/TEN

FLEMENTAL BL LIQUDR ANALYSTS

NA 18230 C . 42.60° © 'H . 3ebn -~ S 3260

SALT CAKE' MAKEUP 4,1700 LB PER 100 LB BL SBLID

STRENG LIQUBR TH DCE AT 180 .F -AND 50400 PERCENT
‘FRBM OCE AT 18Qs F AND - 64000 PERCENT

IN. THr RF AT 22“@ F AQD 6? 80 PERCENT

STACK GAS LEAV:NG DuE AT 180 F

AMBIENT AIR TEMP . 20s F © MaISTURE IN IR

0
GRASS LTQUER HEATING VALUE CUQQUJ nTL PER L8
LDSS B8F FUME  0.010 PER LB BF BL S8LID |
EXCESE 82 IN STACK 2.50 PERCENT . o
AIR T8 RF  568.87 LBS PER 100 LB BL'QBLI“ . EXCESS
NET HEAT RECHVERED . . ub8623s BTY DE? 100, LE. DL
RETURN FRAM THE RF UNIT - . 268570. s/YrA°

2 Q0 ‘
2:50 /100 LBS

ATR. 18244

l
A

FFHC f“vT

-89~




1 ble fIY Qeoults of calculatlon,
SEC AIR 2835%. .

CAPACITY BF RF © 2400000+ LBS BL SBLID PER DAY

EMISSIBN 6F. AIR PALLUTANTS -
H28 2460 PPM . CH3SH 3.50 PPM S82 96870 .PPM

BDAR EN H2S 33,4003 PPM
CAMPESITIEN 8F SMELT IN. WFIGHT PERCENT AS S8DIUM
NAZS" . 2850 NA2SB4 . 1450 NA2CB3  70:00 ~
126 75 s/TON' i 2450 $/TON . 2250 /100 LBS

ELFHENTAL BL LIQUBR ANALYSIS , o
NA-  18%30 .C 42460 M 3:60 S - 3260 6 3170 INERT

SALT CAKE MAKEUP 441700 LB PER 100 LB BL SBLID
STRBNG LIOUBR T DCE AT 180« F AND 5000 PERCENT
FR&GM DCE AT 180# F AND 64:00 PERCENT
IV IHL RF T EEO° AND Yol SO PERCENT
STACK GAS LEAVING DCE AT 180» F

AMBIENT AIR TEMP 80 F MBISTURE IN AIR 0:013 LB/LB AIR

- HRSSS LIGUBR“HEATI&G VAL.UE “ 650030 BTU PER LB SSLID:.
-7L5$S.BF FUME .'O@Qlo PER- LB BF BL saLID
EXCESS 82. IN STACK 1s40 PERCENT .
AIR T8 RF " 526020 LBS PER. 100 LB BL S8LID EXCESS AIR 9:56 PERCENT
| NET MEAT RECSVERED . - 375655+ BTU PER 100 LB BL $8LID

RETURN FRAM THE RF UNIT S 167"H6n ¢/thR

020

-69_




Table XX, Results of calculation.
SFC AIR AT 30% : - . i

CAPACITY BF RF ?qoﬂoooa LBS - BL 38LID PER DAY

F%Iqu*“ gF AIR PPLLUTANTQ S
H2s 12+60 PPM CH3SH  1:50 PPM S82 5300 PPM

8DER ER H2S L6 4071 PFM
COMPRSITION BF SMELT IN WEGHT r[pCFNT AS SBDIUM ~
NAZS ~ 28.50 NAZSEY 1050 NA2CB3 70200
126275 ¢/TON- . 2430 /TON ' 2:50 $/100 LBS

ELEMENTAL BL LIQUEBR ANALYSIS ‘ :
NA  18.30 "C h2e60 o H 360 S 3080 B8 3170

SALT CAKE MAKEUP 441700 LB PER 100 LB BL 88LIp

STRENG LIQUBR T8 DCE AT 180« F AND 50:00 PERCENT
FRSM DCE AT 180« F AND 64200 PERCENT
IN THE RF  AT.220e  F. AND 62080 PERCENT

STACK.GAS LEAVING DCE AT 180s F

AMBIENT AIR TEMP 804 F MBISTURE IN AIR 0,013 LB/LB AIR

GRASS LIOUAR HEATING VALUE 6600000 BTU PER LE S3LID

L6SS BF FUME 0:010 PER L3 6F BL saLrn

EXCESS 89 IN STACK 1e20 PERCENT

AIR T8 RF ° 521+46 LBS PER 100 L8 BL S8LID EXCESS AIR 857 PERCENT

NET HEAT RECBVERED - 386292+ BTU PER 100 LB BL' SBLID
RETURN FRSM THE RF UNIT- . 205437+ $/YEAR
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