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ABBREVIATIONS AND CONVERSION FACTORS

EPA policy is to express all measurements in agency documents in metric
units. Listed below are the International System of Units (SI) abbreviations

and conversion factors for this report.

To Convert From

To

Multiply By

Pascal (Pa)

Atmosphere (760 m Hg)

9.870

x 10125)
4

Joule (J) British thermal unit 9.480 x 10
Degree Celsius Degree Fahrenheit (C® x 9/5) + 32
Meter (m) Foot 3.28
Meter (m3) ft3 3.531 x lOl
Meter (m°) Gallon (U.S. liquid) 2.643 x 10°
Meter/second (m3/s) Gallon (U.S. liguid)/min 1.585 x 104
Watt (W) Horsepower {electric) 1.340 x 10-3
Meter (m) Inch 3.937 x 10l
Pascal (Pa) Pound-force/inch’ (psi) 1.450 x 107°
Kilogram (kg) Pound-mass 2.205
Joule (J) Watt-hour 2.778 x 1074
Standard Conditions
80°F = 15.6°C
1l atmosphere = 101,325 Pascal
PREFIXES
Multiplication

Prefix s ol Factor Example

G giga 109 lGpa=1x lO9 pascals

M mega 106 1Mw=1x 106 watts

k kilo lO3 lkm=1x 103 meters

m milli 1073 1mv=1x10"" volt

u micro 10-6 lug=1x 10-6 gram



I. PREFATORY AND INTRODUCTORY MATERIAL

(This section to be supplied by EPA)
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INDUSTRY DESCRIPTION

Maleic Anhydride

Maleic anhydride (MA) production was selected for the following reasons:
(1) the total estimated emissions of volatile organic compounds (VOC) are
relatively high; (2) the predominant manufacturing process emits large
quantities of benzene, which was listed as a hazardous pollutant by the
EPA in the Federal Register on June 8, 1977; and (3) the product growth
is expected to be higher than the industry average.

MA is solid at ambient conditions (see Appendix A for pertinent physical
properties) although it generally exists in the process as a liguid
(molten MA) or as maleic acid. The predominant emission, benzene,
however, is a volatile liquid at ambient conditions, but is emitted

as a gas.

MA Usage and Growth

Table I shows MA end uses and expected growth rate. The predominant end
use is the production of unsaturated polyester resins, which go into
reinforced plastic applications such as marine craft, building panels,

automobiles, tanks, and pipes.

The U.S. MA production capacity for 1977 was reported to be 236,000 mega-
grams (Mg) with only 56% of this capacity currently'being utilized.l'2
Assuming an 1l1% annual growth in MaA consumption, production will reach
95% of present capacity by 1982. No shortage of benzene, the major raw

material, is expected during this period.2

Domestic Producers

As of 1977, there were eight producers of Ma in the U.S. with ten plants.
Table II lists the producers and the processes being used; Figure 1 shows
the plant locations. Approximately 83% of the 236,000 Mg/yr domestic

capacity is based on the oxidation of benzene. Oxidation of n-butane
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TABLE I

MALEIC ANHYDRIDE USAGE AND GR.OWTHl

Average Annual

End Use % Production % _Growth (1974-1980)(A)
Unsaturated Polyester Resins 51.1 9.5
Fumaric Acid 6.4 2.0
Agricultural Chemicals 10.0 6.5
Alkyd Resins 1.3 0.0
Lubricating Additives 7.8 } 8.0
Copolymers 5.3 6.0
Reactive Plasticizers 3.6 5.0
Maleic Acid 3.8 7.0
Chlorendic Anhydride and Acid 1.1 10.0
Surface—~Active Agents 2.9 5.0
Other 6.7 ' 2.0

100.0

() These numbers include a decline in Ma consumption of 27% in 1975. The annual MA
growth rate from 1976~1982 is now projected to average 1ll%. Polyester
resins are expected to continue as a growth leader.?
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MALEIC ANHYDRIDE CAPACITY

Amoco, Joliet, IL

Ashland, Neal, WV

Koppers, Bridgeville, PA
Koppers, Chicago, IL
Monsanto, St. Louis, MO
Denka (Petrotex), Houston, TX
Reichhold, Elizabeth, NJ
Reichhold, Morris, IL
Tenneco, Fords, NJ

U. S. Steel, Neville Island, PA

TOTAL

Processes:

(1) Oxidation of benzene

(2) Oxidation of n-butane

Capacity - 1977
10° Megagrams (Mg)

Process

27
27 “

5 -

5

48 < (80%)1
23 7

o7

(3) By-product of phthalic anhydride manufacture

oy 5 i

w = PN

N N S S

(20%) 2
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Key
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MANUFACTURING LOCATIONS

MALEIC ANHYDRIDE

Amoco, Joliet, IL
Ashland, Neal, W. VA
Koppers, Bridgeville, fA
Koppers, Chicago, IL
Monsanto, St. Louis, MO

{‘
- ...i : .

OF

FIGURE 1

Denka {Petro-Tex), Houston, TX
Reichhold, Elizabeth, NJ
Reichhold, Morris, IL

Tenneco, Fords, NJ

U.S. Steel, Nevil}e Island, PA
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accounts for another 15% of capacity, and the remaining 2% is from phthalic
anhydride production which gives MA as a by-product.l The projected
growth rate for the n-butane oxidation process through 1982 is 24. 3%,
primarily through conversion, as compared to only 9.1% for the benzene
oxidation process. Data regarding the economic incentives for switching
to n-butane oxidation are not available. No growth in the quantity of

MA recovered during phthalic anhydride production is expected.2

Work began in 1960 to develop a catalyst suitable for producing MA from
butane/butene (C4) streams available from naphtha cracking. This effort
was curtailed during the 1961-1967 period when the MA market was depressed
and low-cost benzene was available. In 1967, demand for Ma increased,

and work was renewed in Japan by Kasei Mizuishima. In 1974, announce-
ments concerning the production of MA from C4's were made by Petro-Tex,
Chem Systems, BASF, Bayer, Alusuisse/UCB, and Mitsubishi.3 Presently,
Amoco and Monsanto are producing MA from a n-butane feedstock.1 The

main drawback of the n-butane process is the unavailability of a catalyst

that provides competitive yields.4

Producing Companies

1. Amoco Chemicals Corporation
Amoco has the only U.S. plant totally dedicated to the n~butane
process.l Still in the start-up stage at the time of this report, it
will have an annual capacity of 27,000 Mg and is expandable to
41,000 Mg.*

2., Ashland Chemical Company
The Ashland facility is a new benzene based plant with an annual
capacity of 27,000 Mg and is expandable to 41,000 Mg.l This plant

can be switched from benzene to n-butane feedstocks.4

3. Koppers Company, Inc.
Much of the MA from their 15,000 Mg/yr benzene oxidation plant is

used captively to produce unsaturated Polyester resins and alkyd
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resins. Their Chicago facility can recover 5,000 Mg of MA per year
from the effluent of their phthalic anhydride plant which started in
197s.1

Monsanto Company

Monsanto at 48,000 Mg/yr is the largest producer of MA. Some MA is
consumed captively to produce fumaric acid, maleate/fumerate esters,
styrene copolymers, and ethylene-maleic anhydride copolymers.1

Denka USAa

Their 23,000 Mg/yr Houston facility was designed by Scientific Design
Company, Inc., and was purchased from Petro-Tex Chemical Corporation
July 1, 1977.s They have a current permit from the Texas Air Control
Board to operate a n-butane reactor. ®
Reichholé Chemicals, Inc. 34, 000
Reichheld's combined production from both Plants is 43060 Mg/yr,
some of which is used captively to produce unsaturated polyester

resins, alkyd resins, and plasticize:s.l

Tenneco Chemicals, Inc.
A small part of their 12,000 Mg/yr MA production is used captively to

produce fumaric acid, dibutyl maleate, and dodecanyl-succinic anhydride.l

United States Steel Corporation

Their MA capacity was recently expanded to 38,000 Mg/yr.4 Some of
their MA production is used captively to produce fumaric acid,
dibutyl maleate, and dioctyl ma.leate.1

Allied Chemicals Corporation

Allied ceased production of MA at their Moundsville, West Virginia,

900 Mg/yr capacity plant in 1974.1

The expansion capabilities of 14,000 Mg each for Amoco and Ashland

represent a potential nationwide capacity of 263,000 Mg.4
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III. PROCESS DESCRIPTIONS

A.

Introduction

As previously discussed, the two major processes used to manufacture

maleic anhydride (MA) in the United States are benzene oxidation and

butane oxidation. A small amount of MA is recovered as a by-product of

phthalic anhydride production. The only significant foreign process for

MA production not used in the U.S. starts with a butene mixture feedstock.

This process is operated in Francel and Japan.2 There are no known plans

to introduce this process domestically.

Benzene Oxidation Process

1.

Basic Process
MA is produced by the following chemical reaction:
0O

7
H-C - C
+
@ /2 0, ! 0+ 2H.O + 200
. 7/ 2 2
H-C - C
Yo
Benzene Oxygen Ma Water Carbon Dioxide

The process flow diagram shown in Figure 2 represents a typical
process. The typical process is continuous, although some plants
operate batchwise. The emissions in either case are judged to be
equi‘valent.3

VOfodgtd
A mixture ofhbenzene and air enters a tubular reactor where the

.catalytic oxidation of benzene is carried out at a temperature of

350-400°C. The catalyst contains approximately 70% vanadium pentoxide
supported on an inert carrier; most of these systems also contain
25-30% molybdenum oxide. The reaction is highly exothermic, releasing
24.4 MJ/kg of benzene reacted, with the excess heat being used to

generate steam. MA yields range from 60-67% of theoretical.3

The reactor feed mixture contains an excess of air because benzene is
explosive in air at concentrations above 1.5 volume percent. The

resulting large volume of reactor exhaust (Stream 3) dictates the
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size of subsequent product recovery equipment. The stream passes
through a cooler, partial condenser, and separator in which 40% of
the MA is condensed and separated as crude MA (Stream 4).4 The
remaining vapor (Stream 5) enters the product recovery absorber where
it is contacted with water or aqueous maleic acid. The absorber
product (Stream 6) is a 40 wt. % aquecus solution of maleic acid.

The absorber vent (Vent A) exhausts to the atmosphere or is directed

.. . 3
to an emission control device.

The 40% maleic acid (Stream 6) is dehydrated by azeotropic distil-
lation with xylene. Any xylene retained in the crude Ma (Stream 9)

is removed by the xylene stripping column, and the crude MA (Stream 10)
from this column is combined with the crude MA from the separator
(Stream 4(;3/ Z

Crude MA is aged, which causes any color-forming impurities to polvmerize.

After aging, the crude MA (Stream 11) is fed to the fractionation column

which yields molten MA as the purified overhead product (Stream 12).

A small percentage is taken an additional step for sale as briguets.

The fractionation column bottoms containing the color-forming impurities

are removed as liquiad residue7waste {Stream 13). This stream either

becomes part of the gg;reated'effluent or is fed to a liquid incinerator.3
—_————————

The vacuum lines from the dehydration column, xylene stripper, and

fractionation column are joined to the vacuum system (Stream 14).

The refining vacuum system vent (Ven@,B) can exhaust to the atmos-

phere, recycle to the product recovery absorber (Stream 5), or be

directed to an emission control device. Water from the vacuum system

can be recycled as make-up water (Stream 7) or join the liquid residue

waste (Stream 13).3

Essentially all process emissions will exit through the product
recovery absorber (Vent A). These emissions will include any unreacted
benzene which can constitute 3-° of the total benzene feed.6 The

only othgr brocess emission source iszﬁgfining vacuum system vent

(Vent B), which can contain small amounts of MA and xylene.
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Fugitive emissions throughout the process can contain benzene,
xylene, MA, and maleic acid. Corrosion problems due to leaks caused
by maleic acid can increase fugitive emissions. As with most organic
chemical processes, leaks into cooling water could occur allowing

volatile organic compounds (VOC) to escape as a fugitive emission.

Storage and handling emission sources (labeled C on Figure 2) include
benzene, xylene, MA, and crude MA storage, plus emissions from the

brigquetting operation.

There are four potential sources of secondary emissions (labeled K on
Figure 2): (1) spent reactor catalyst, (2) excess water from the
dehydration column, (3) vacuum system water, and (4) fractionation
column residues. The small amount of residual organics in the spent
catalyst after washing has low vapor pressure and Produces no significant
emissions. Xylene is the principal organic contamination in the

excess water from the dehydration column and the vacuum system

water. Residues from the fractiocnation column are relatively heavy
organics with a molecular weight greater than 116 and produce no

significant secondary emissions.

Process Variations

2. In place of the partial condensation system (cooler, partial
condenser, and separator) shown in Figure 2, a so-called switch
condenser system can be incorporated. This utilizes a series of
condensers which are alternately cooled to freeze solid Ma on the
surface and then heated to melt the MA for pumping to crude MA
storage. Switch condensing can remove up to 60% of the MA from
the process compared to 40% for the partial condensation system.7
The removal of additional MA would allow the size of the product
recovery absorber to be reduced and would slightly reduce the
maleic acid loss through the broduct recovery absorber (Vent A).

b. Xylene is the only known azeotropic agent currently being used
for dehydration. Several other agents can be used, including

isoamyl butyrate, di-isobutyl ketone, anisole, and cumene.3
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c. A vacuum evaporation system, which replaces the dehydration
column and xylene stripper, is used by at least one plant to
remove water and dehydrate the maleic acid to form MA.7 Since an
azeotropic agent is no longer required, xylene is eliminated from

process emissions.

C. n-Butane Oxidation

" All process data concerning the n-butane oxidation Process are currently

proprietary and unavailable. A benzene oxidation Process can be converted

to n-butane oxidation by changing the catalyst system; this conversion

can be done for much less than the cost of a new pPlant. However, the

s converted process would be less efficient than a new n-butane process

. /
EQ" \ because reaction conditions are not optimum. The lowered efficiency
: ——— e ———

§' ' might be serious enough to warrant other major design changes.

A major advantage of this process is that there are no benzene emissions.

Other VOC emissions should not differ to a great extent from the benzene

: . . 6
! oxidation process.

\

N,

~

D. Phthalic Anhydride By-Product Process

Phthalic anhydride is manufactured from naphthalene and ortho-xylene.

. . . 3
Maleic anhydride is recovered as a by-product from the plant effluent.

The emissions associated with MA recovery are believed to be insignificant

and are not being investigated at this time. Relevant data will be

obtained during the study of phthalic anhydride production.

E. Foreign Processes (Mixed Butenes)

1.

Basic Process

The only significant foreign deviation from benzene oxidation for Ma
production is a process using feedstocks of 65-80% n-butenes with
the remainder mostly butanes or iscbutene. The general process
description is very similar to that shown in Figure 2 for benzene

. . 2
oxidation and, therefore, is not repeated.l'
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The exhaust from the main process vent contains unreacted butane,
butene, carbon monoxide, and various secondary products. Except for
the absence of benzene, the emissions should be about the same as for

the benzene oxidation process.6

Process Variations

The most significant process variation is the use of a fluidized
catalyst bed rather than a fixed bed. This provides good temperature
control within the bed and, thus, allows optimum ratios of butene/air.
In contrast, optimum benzene/air ratios cannot be used with fixed bed
systems because excess air is necessary to stay below the explosive
range. The reduction of excess air in the fluidized bed feed will
reduce emissions from the product recovery absorber; however, the
product yields with the fluidized bed are not as good as with the
fixed bed.9



III-7

SECTION III
REFERENCES

Lenz, D. and M. De Bouille, "The Bayer Process for the Production
of Maleic Anhydride from Butenes", Rev. Assoc. Fr. Tech. Pet.,
Volume 236, No. 20-3, p. 17 (1976).

Shinji, Uemura and Kamimura Shiego, "Production of Anhydrous Maleic
Acid from Cy Distillate", Petroleum Academic Association Journal,
Volume 16, No. 8 (1973).

Blackford, J. C. CEH Marketing Research Report on Maleic Acid.
July 1976. Chemical Economics Handbook, Stanford Research Institute,
Menlo Park, California.

S.F. Lawsen, Trig Regord for Visik 4o Danke Chemicak C"g«rg\-n'\ SHNS\“,T* JNov. 43,1897,
R L ERSE 2 ., S S SE RS SE TP R U

A§urvey and Ranking ReportAinypreparationuby“ﬂydbeéience for ESED:

Lewis, W. A., Jr., G. M. Rinaldi, and T. W. Hughes, "Source Assessment:
Maleic Anhydride Manufacture", Monsanto Research Corporation, received
January 1978.

J. F. Lawson, Trip Report for visit to Reichholé Chemicals, Inc.,
Morris, Illinois, July 28, 1977.

"Maleic Makers Build on Hopes for Polyester", Chemical Week,
February 2, 1977, pp. 37-38.

Technical Week, European Chemical News, April 5, 1974.




Iv.

A.

EMISSIONS

nzene oxidation process

Be

1. Model Plant
TM .
Mﬂfﬂ Though not 27
actual operating plant, it is typical of most planes. The model
penzene oxidation process: shown in Figure 2, best £its today's
maleic anhydride manufacturing and engineering technology single-
process trains as shown are typical for the large plants except in
the reaction area where multiple reactors are common. The model

dhllabr o

s uses partial condensation and azeotropic é:y&aq—thh lene.

proces

Typical raw material, intermediate, and product storage tank capacities

were estimated for 2 22,700 Mg/y¥yT plant. The storage tank requirements

are covered under storage emissions.- Estimates of potential fugitive

sources were pased on data from existing facilities and are also

covered. Characteristics of the model plant important to air dispersion

modeling are shown in Appendix B.

2. Sources and Emissions
All emission rates and sources for the benzene oxidation process

are 5ummarized in Table III.

a. Main ProcesSs Vvent
The largest vent is the main process vent from the product
recovery absorber (Vent A, Figure 2). All plants have this vent.
The emissions are influenced DY the excess ajiy feed to the
reactor toO maintain the benzene concentration pelow the explosive
1imit. The composition of this styeam for the model plant is
shown in Table IV. The majority of the unreacted penzene is

contained in this stream.
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TABLE III

BENZENE AND TOTAL VOC EMISSIONS
MALEIC ANHYDRIDE FROM BENZENE
MODEL PLANT 22,700 Mg/Yr
UNCONTROLLED

Stream

Total VOC

Benzene

- - (®) 8
Designation (kg/kg)x10 {(kg/kg)x10 Benzene Total VOC( )
Source Figure 2 MA Produced M2 Produced kg/hr kg/hr
120 -
Product Recovery 1.2,3 A 67.0 86.0 5 (120) 343 249
Absorber
Refining Vacuum System3 B - 0.1 - 0.28
4 o8y # Tom—— 2.2 2.6
Storage and Handling c - Gres 0.9% . s (5) ]
(a) 0% o
Fugitive J =1 hoz 1e13 0.8 (D 2.9
SRR
Secondary K - 4 - 0.1
. e.04
Total 68 x 10‘3 88 x 10-3 2536 24875
3.0 249.94
Note:
(3) Appendix C.
(8) Emission codes cve  annuol overmaes ot  Soeo \"“/‘l"'
ke 1z
;‘j— * ,qSL{ "\C{
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H-y
,l
. L -
e pC=C o
T )
TAELE IV
1,2,3
WASTE GAS COMPOSITION - PRODUCT RECOVERY ABSORBER™'“’ \\
{(Weighted Average)
8M\'SS-’—>V‘ ":"J"’"
Component o Weight % Kg/hr <l

— 102 bad pduo
Oxygen 22 16.67 .52 m 13,800 Heo 3
Nitrogen 2% 73.37 2.42 60,740 21,4l
Carbon Dioxide Yy 3.33 o,07b 2,757 a7z
Carbon Monoxide 7% 2.33 4.0%5% 1,929 Y]
Water i 4.00 0.22% 3,312 e
Benzene 79 0.23 06221 190 7
Maleic Acid A 0.01 pnonotl 8 2%
Formaldehyde 2o 0.05 00017 41 y
Formic Acid 46 0.00 -~ "2z 8 -
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Proce Upsets causing more benzene release will affect benze
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emissions since the absorber can only remove benzene up to its
solubility level in water. These upsets can cause short duration
benzene and VOC emissions of three to five times normal. Process
startup also increases benzene emissions three to five times
normal because of incomplete benzene reaction. Shutdown will not
affect emissions because benzene is shut off as the first step in
the shutdown procedure. This immediately reduces the level of

unreacted benzene emitted from the reactor.5

b. Refining Vacuum Vents

The refining vacuum system vent (Vent B, Figure 2) exhausts
the noncondensibles from the three vacuum columns used to dehydrate
and fractionate MA. The factors affecting this vent are the use

. {for VBLuwm Control o the oystest.
of inerts to bleed the systemhand process leaksn The VOC emissions
will be maleic acid or xylene and are estimated to be relatively
insignificant as indicated in Table III. Process upsets, startups,

and shutdowns do not affect the VOC emissions from this vent.3



c¢. Fugitive Emissiong

Process pumps and valves are potential sources of fugitive

7'6{')1 _zrﬂ,,/~emissions. The model plant is estimated to have 15 pumps handling
b' e —_ VOC, three of which handle benzene. The estimated number of
i valves is 500, with 175 handling benzene. The fugitive emission
factors from Appendix C were applied to this valve and pump

count to determine the fugitive emissions shown in Table III.

d. Storage and Handling Emissions

Emissions result from the storage and handling of benzene, maleic
, % ~///7 anhydride, and xylene. For the model plant, the sources are
[7,4727 shown on the flow diagram in Figure 2 (Scurce C). The storage
wep tank conditions for the model plant are given in Table V. The
emissions in Table III were calculated based on fixed roof
tanks, one-half full, and a 11°C diurnal temperature using the

emission equations from AP-42.4

TABLE V

MODEL PLANT STORAGE

Bulk

Tank §ize Turnovers Liquid

Content m Per Year Temp. °C
Benzene 2460 €\.5 13
Benzene 75 a8 4ro 13
Maleic Anhydride 380 40 ' 77
Maleic Anhydride 190 80 71
Maleic Anhydride 380 40 60
Xylene 150 212 13

Benzene freezes at 5.5°C; therefore, storage tanks are generally
heated to maintain the temperature above freezing. Maleic
anhydride freezes at 52.8°C; therefore, finished product is

normally stored at 60°C, and in-process material is stored from
60-105°C.
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Enissions from loading bulk maleic anhydride into tank cars and
trucks were calculated using the equations from AP-42.4 These
emissions, included in Table III, are 0.02 kg/hr. Maleic anhydride
dust is produced in the brigquetting operation, but is not a

significant atmospheric emission.

: : “
Secondary Emissions_ ﬂ / 544 7 e s P

[H.C. ehte
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Secondary emissions of VOC can result from the handling and
disposal of process waste liquid and solid streams. For the
model plant, four potential socurces are indicated on the flow

diagram, Figure 2 (Source X).
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emission potential because the catalyst is thorcughly purged and
washed before removal. Reclamation is normally done off-site.2
Loram ¥ vacoum system
For the model plant, &e&al aqueous effluent“is estimated to be
417 kg per hour, of this 0.05 kg/hr is xylene. The fractionation
column residue stream is 27 kg/hr of low vapor. pressure organics.
Even untreated, these streams do not represent significant
emissions. In at least one operating facility, incineration is
used to destroy the organics in these liquid streams.2 Assuming
a well-designed liquid incinerator with 99.5% destruction of
organics, the secondary VOC emissions from this incinerator would
be 0.13 kg/hr. Whether using liquid incineration or terminal

wastewater treatment, the emission will be no greater than

0.13 kg/hr. This emission number is included in uncontrolled

emissions, Table III.

The potential for secondary emissions from the vacuum system
water discharge is minor. The stream should contain low levels

of maleic acid and xylene. The amount has not been quantified.
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n=Butane Process

As stated earlier, no benzene emissions are associated with the n-butane
process. In all other respects, the VOC emissions are believed to be
about the same as the benzene oxidation process, although there are no
public data to support this.

Phthalic Anhydride By-Product Process

The emissions associated with MA recovery are believed to be insignif-
icant and are not being investigated at this time. Relevant data will be
obtained during the study of phthalic anhydride production.

N
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V.

APPLICABLE CONTROL SYSTEMS

A.

Benzene Oxidation Process

1.

Main Process Vent

A carbon adsorption system or an incineration system can be used to

effectively control process emissions. It is assumed that the vent

from the refining vacuum system is combined with the main process

vent. Therefore, treatment of the product recovery absorber vent

stream will control all process emissions.

Carbon Adsorption

In order to use carbon adsorption, the exhaust gas stream must be
scrubbed with caustic to remove organic acids and water-soluble
organics. Benzene is likely the only VOC remaining. The stream
is then conditioned by heating to reduce the relative humidity.
Four carbon beds are specified for the model plant (see Carbon
Adsorption Flowsheet, Appendix D). The exhaust stream passes
through two parallel beds while the other two beds are being
regenerated with steam. The steam condensate is decanted to

separate the benzene for recycle to the process, and the benzene-

ecyeled do 4he S
saturated aqueous layer is M&uvuu absorber,

It was concluded based on engineering experience with similar
applications that a carbon adsorption system can be designed and
operated at a sustained removal efficiency greater than 99%. A
removal efficiency of 99.5% is considered attainable and has been
used to project the final emissions from the controlled model

plant (Table VI). The cost of this system is shown in Table X of
Section VI.

One carbon adsorption system is currently being used to recover
benzene from a MA operation, but reportedly has only achieved 85%
removal efficiency. For comparison purposes, the estimated costs

for this installation are included in Table X.l
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Incineration

The direct fire incineration system for the model Plant waste gas
stream has: (1) a knockout demister tank to protect the incin-
erator from a liguid stream reaching the firing area, (2) an
incinerator with a combustion chamber of sufficient volume to
give a retention time of 0.5 sec, and (3) a stack designed for a
velocity of 10 m/s.2 Supplemental natural gas and makeﬁp air are
required to maintain the necessary combustion temperatures. Heat
recovery can be used for steam generation or to preheat the
feedstream and thereby reduce natural gas requirements. Stainless
steel is specified for construction ahead of the combustion
chamber because the waste gas contains corrosive organic acids.
For more details of the incineration system specified for the

model plant, see the incineration calculation section of Appendix D.

It was concluded based on engineering experience with similar
incineration applications that a broperly designed and operated
incinerator will result in sustained benzene and VOC removal
efficiencies greater than 99%. A removal efficiency of 99.5% is
considered attainable and has been used to project final emissions
from the controlled model plant (Table VII). The cost of incor-

porating this system is shown in Table X of Section VI.

A temperature of B71°C (1600°F) is specified to ensure complete
combustion of the waste gas. While it is conceivable that greater
than 99% VOC removal could be obtained at lower temperatures, it
cannot be dependably predicted. This determination is consistent
with government air pollution engineering manuals.2’3 While the
manuals contain no data on combustion temperatures above 800°C,
extrapolation of the data presented combined with similar incin-
eration experience justifies the projection of greater than

29% removal at 871°C. The high carbon monoxide content of the
waste gas must be considered. Similar incineration experience

indicates that the high temperature specified is necessary to
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obtain acceptable oxidation of the carbon monoxide, as well as
complete VOC oxidation. The cost of incorporating this system is

shown in Table X of Section VI.

An incineration system currently being used for VOC removal from
a MA process reportedly is operating with a combustion temperature
of 760°C and achieving 93% removal efficiency.4 For comparison
bpurposes, a removal efficiency of 93% is used in Table X of
Section VI to correspond with the 760°C combustion temperature.
All costs are identical to the 871°C system except for the lower
utilities (natural gas) requirement at 760°C. An incinerator
designed for 871°C can be operated at lower temperatures if it is
determined by operating experience that a lower temperature will

still provide adequate benzene, VOC, and carbon monoxide removal.

€. Catalytic Incineration
One company is using a catalytic incinerator to control emissions
from the product recovery absorber. Very little design data are
available. The maximum practical achievable VOC removal efficiency
reportedly is less than 95%. The high catalyst volume or‘high
temperature requirement necessary to obtain greater removal

. . . . 5
efficiencies makes the unit uneconomical.

é. n-Butane Process
Since the n-butane oxidation process has no potential benzene
emissions, conversion to the n-butane process for MA production
is an option for benzene emission control. No data are presently
available on the control device options for the n-butane process.
Also, no data are currently available comparing the economics of

MA production by n-butane oxidation and benzene oxidation.

2. Refining Vacuum Vent
The refining vacuum vent is controlled by joining the waste stream

ahead of the product recovery absorber control device or by joining
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the product recovery absorber feed Stream. The incremental costs
are relatively small since only piping additions are reguired,
and no added utilities, manpower, or other operating costs are
involved. Emissions from the refining vacuum system vent are

included in all control system calculations.

3. Fugitive Sources
Jb(é/;7é% > Controls for fugitive sources will be discussed in a future document

which will cover fugitive emissions from the synthetic organic

<—chemicals manufacturing industry. Control of emissions from pumps
and valves can be attained by an appropriate leak detection system
followed by repair maintenance. Controlled fugitive emissions have
been calculated using the factors given in Appendix C and are included
in Tables VI and VII. The factors are based on the assumption that
major leaks are detected and repaired: therefore, the emission

reduction is projected to be 93%.

4. Storage and Handling Sources
Z?,-&é;f/ Benzene étorage

4
oz

Contrel of benzene storage emissions will be covered in a future
EPA document. Information on MA manufacturing locations indicates
that benzene is stored in floating roof tanks at three locations
and fixed roof tanks at the others.5 A floating roof is commonly
used to control storage tank emissions for VOC's in the vapor
pressure range of benzene and is used in the model plant instead
of fixed roof tanks. This results in a benzene emission reductien
of 33%:' The benzene emissions given in Tables VI and VII were
calculated using the floating roof storage tank emission equations
£rom AP-42.6

An alternate control method may be possible in MA plants: the
fixed roof Storage tank vents could be tied into the main process

vent control. The resulting emission reduction should be >99%



which is better than that of a floating roof tank. However,
this modification may add a safety hazard because benzene storage

vapors may be in the flammable range.

b. Maleic Anhydride Storage and Handling

Z7 ﬂ/; 9 /V'The vapor pressure of MA at storage conditions in the model plant
/ +

ust is 550-1170 pascals, this results in calculated average emissions

ﬂw[vg,z/

ﬂ@F/

from fixed roof tanks of only 0.3 kg/hr. At two production

plants, the tank vents (as well as air handling from the briquetting
operation) are treated in aqueous scrubbers.l’7 The effluent
water is discharged to the sewer. The scrubbers are primarily
for plant housekeeping to prevent solid Ma buildup rather than
for emission reduction. It is estimated that scrubber efficiency
under these conditions should be at least 99%. The controlled
VOC emissions given in Tables VI and VII were calculated based on
this efficiency. .
At cne plant, the crude maieic anhydride is stored at 130°C and
the vent is treated in a Xylene scrubber with a stated 50%
efficiency.8 The xylene effluent can be recycled to the process
for MA recovery. This control option may not be adequate without
an aqueous scrubber to prevent the resulting MA emission from

creating a condensed MA solid housekeeping problem.

€. Xylene Storage

The calculated emissions from xylene storage in fixed roof tanks
for the model plant average less than 0.03 kg/hr, which is
insignificant relative to other emissions from the process;

therefore, control is not assumed to be needed.

Secondary Sources
Secondary emissions are also insignificant. 1In plants where a ligquid
incinerator is used to destroy organic effluents, the design must be

adequate to ensure essentially complete combustion.



6. Current Emission Control
Table VIII shows the control devices currently being used by U.S.

MA producers.

Other Processes

Data are not currently available to size emission control devices for
other processes. The only other significant domestic process, n-butane

oxidation, was discussed as a control option for benzene emissions.
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IMPACT ANALYSIS

A,

Control Cost Impact

The purpose of this section is to present estimated costs and cost
effectiveness (CE) ratios for control of benzene and total VOC emissions
resulting from the production of maleic anhydride. Details of the model
plant (Piguré 2) have been covered in Sections III and IV. Cost estimate

calculations are included in Appendix D.

Basis for Capital Cost Estimates - Estimates represent the total invest-

ment required to purchase and install all equipment and material to
provide a complete contrel system performing as defined for a new instal-
lation at a typical location. These estimates do not include the cost
of: 1lost MA production'during installation or start-up, research and
development costs, and land purchases required. Costs for retrofitting
these systems in existing plants usually will not be appreciably greater
than for a new installation. The pPrimary retrofit difficulty may be

space to fit into the existing plant layout.

Bases for Annualized Cost Estimates - Estimates for the annualized costs

for the control alternatives include: utilities, operating labor,
maintenance supplies and labor, chemicals or raw materials, recovery
credits, disposal costs, capital charges and miscellaneous recurring
costs such as taxes, insurance, and administrative overhead. Cost
factors used are itemized on Table IX. Capital charges are computed by a
factor based on a depreciable life of the control system and an annual
interest rate. The factor of 0.147 is based on an assumed l2-year life.
and 10% interest. Recovery credits are based on the market value for the
material being recovered. Chemical or other raw material costs also are
based on the market value for the material required. Annualized costs

are for a one-year period beginning in mid-~-1978.

1. Benzene Oxidation Process
&. Main Process Vent
Estimated costs for two systems (carbon adsorption and inciner-
ation) used to control benzene and total VOC emissions from

this point source are shown on Table X.



TABLE IX

COST FACTORS USED IN COMPUTING ANNUALIZED COSTS

Utilities
Electricity ‘ $0.03/kw-h .o
G . K - e
Natural Gas $l1.90/&y =+ " . L4
s S
Steam . $2.85/R3
Cooling Water $O.15/m3
Operating Time 8000 hrs/yr (91% of available time)
Operating Labor $10/man hour
Maintenance Material & Labor 0.05 x capital cost

Capital Charges )
Capital Recovery 0.147* x capital cost

Misc (taxes, insurance, & administration) 0.04 x capital cost
s . . 3
Liquid Waste Disposal : $2.65/m

Recovery Credits

G
Energy $1.90/X3
Benzene $0.22/kg

Chem. & Raw Material Costs . '\\
50% Caustic Soda Soln. $0.20/kg
Granular Activated Carbon $1.90/kg

*Based on 12 year life and 10% interest rate.
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Carbon Adsorption - Estimated cost bases for the carbon adsorption

system described in Section V and Appendix D are as follows:

Carbon loading - 6 kg VOC/100 kg carbon

Steam for regeneration - 20 kg/kg of organic absorbed -
3810 kg/hr

Steam for gas conditioning - 825 kg/hr

Cooling water for the steam/VOC condgnser - 30 m3/hr
7

50% caustic solution for scrubber - 3@ kg/hr

Granular activated carbon replacement every 4 years at
$1.90/kg

Corrosion resistant 316 stainless steel is required through the
gas scrubber. Costs of the scrubber and gas heater are included.
Costs for a carbon adsorption system operating at 85% VOC removal
efficiency are also shown on Table X. This is for an existing
system and shows that the cost effectiveness is not appreciably
less for a system operating at a lower efficiency.l Costs of
systems for removal efficiencies of more than 99.5% are not
included because such higher efficiencies would be practically

impossible to obtain.

Capital costs for carbon adsorption systems for Ma production
Plants with capacities different from the model plant are estimated
to vary approximately as the 0.7 power of the waste gas flow ratio
rate, which is directly proportional to the MA production rate.
This relationship is applicable over the size range of existing

Plants (50-165% of the model plant capacity).

Other annualized costs will vary with capacity as listed below.

(1) Varies directly with capacity:
(a) Utilities
(b) Raw materials and chemicals
(¢} Liquid disposal changes
(@) Energy recovery
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{2) Remains constant with capacity variance:

(a) Manpower

-7
(3) Varies as the &+& power of the capacity ratio:

(a) Capital recovery
(b) Capital related rinse items

(c) Maintenance

Figure 3 is a plot of capital and net annualized costs versus

c-é?ity for the 99.5% benzene removal carbon adsorption systems.

Incineration - Estimated costs are based on the incineration

System described in Section V and Appendix D. A well-designed

and operated incinerator will have a VOC removal efficiency

greater than 99% (99.5% assumed). The cost savings of operating

at a lower efficiency do not appear justified. To obtain greater
than 99.5% removal efficiencies would increase the cost signifi-
cantly, because of the disproportionately large increase in
combustion temperature and residence time required. One incinerator
is presently operating at 760°C with a VOC removal efficiéhcy of
93%.2 Costs are included in Table X to Operate the specfied high
temperature system at a lower temperature with an assumed efficiency
of 93s%.

Heat recovery from incineration can be utilized to generate steam
or preheat the incinerator feed stream to reduce supplemental

fuel requirements. For this comparative study, recovery of 50%

of the energy in the exit stream is assumed. Credit for the

value of this heat is computed as equivalent to natural gas at
$1.9/GJ, not for the steam that may be generated. If the recovered
heat is used to preheat the waste gas feed stream, the natural

gas (utilities) requirement can be reduced by the full value of

the heat recovered. For this Preliminary estimate it is

assumed that the capital costs for a Preheat system or a steam

generation system to augment an existing system are equivalent.
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FIGURE 3
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Capital costs for incinerators at Ma production plants with
capacities different from the model plant are estimated to vary

at approximately the 0.6 power of the waste gas flow ratio, which
is directly propor;ional to the MA production rate. This relation-
ship is applicable over the size range of existing plants (50-165%
of the model plant capacity).

Other annualized costs will vary with capacity as listed below.

(1) Varies directly with capacity:
(a) Utilities
(b) Raw materials and chemicals
(¢) Ligquid disposal charges
(d) Energy recovery

(2) Remains constant with capacity variance:

(a) Manpower

(3) Varies as the 0.6 power of the capacity ratio:
(a) Capital recovery
(b) Capital related miscellaneocus items
(¢) Maintenance

Figure 4 is a plot of capital and net annualized costs versus
capacity for an incinerator without heat recovery, and Figure 5
is the same information for an incinerator with heat recovery.
Figure 6 is a plot of the cost effectiveness versus capacity
showing this relationship for each of the 99.5% benzene removal

control systems considered.

Capital and operating costs for the incinerator installation will
not be appreciably greater when retrofitting an existing plant,
except in unusual circumstances. For example, if incineration is
to be added to a crowded existing site, the cost of long distance
piping to a remote location could be significant. Long distance
Piping could also be required to avoid flammable materials

Storage and handling areas.
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FIGURE 4

COST VS. GAS FLOW RATE
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FIGURE 5

COST VS. GAS FLOW RATE
INCINERATION WITH HEAT RECOVERY
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Refining Vacuum Vent

The vent stream from the vacuum system for the Ma finishing
section (Stream B, Figure 2) is controlled by connecting into
product recovery absorber vent (Stream A) before the emission
control devices previously described in Section V. The guantities
and composition used for Stream A include Stream B, including

any credits for recovered heat.

Fugitive Sources

A control system has been defined in Appendix C for fugitive
sources; a future document will cover fugitive emissions and
their applicable controls for all of the synthetic orgarnic

chemicals manufacturing industry.

Storage and Handling Sources

(1) Benzene Storage
Model plant benzene storage emissions are controlled by the
use of floating roof tanks. The control cost and the cost
effectiveness for retrofitting the large (2460 m3) model
Plant fixed roof benzene storage tank are given in Table XI.
- 1 pidd . ; 3 £5
£2 . - imated . . g

Eloaving—sooi—sani, T & New tank, the addibenal cod 4o indude an
wternol $loaking vuof is “(‘L,ooo ine\»d(nﬁ Q% allewance . (See nslalled
Capidal qragh added Lo fAppemdix ©D

It is normally not practical to incorporate a floating
roof in small tanks such as the 75 m3 benzene feed tank for

the model plant; therefore, a cost impact is not presented.

(2) MA storage and Handling
MA storage and handling emissions are controlled in the
model plant by the use of an aqueous scrubber. The control
cost and cost effectiveness for an assumed 0.6 meter diameter
by 9.1 meter packed aqueous scrubber system to handle all
model plant MA storage tanks, loading, and brigquetting

emissions are given in Table XI.
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e. Secondary Sources
No significant secondary emission sources requiring a control

system exist for the model plant.

Other Processes

No data are available for determining the cost impact of converting
to the n-butane process as a benzene emission contreol option. Data
also are unavailable to determine the cost of any control devices

required to control emissions from a n-butane oxidation process.

B. Environmental and Energv Impacts

1.

-
-,

(f

Benzene Oxidation Process

Table XII shows the environmental impact of reduced benzene and VOC
emissions by application of described control systems to the model
plant. From an energy standpoint, a typical uncontrolled MA process
will produce a heat surplus of approximately 15 kJ/kg MA.3 Individual
impacts are discussed below.

2. Main Process Vent and Vacuum Refining Vent
(1) Carbon Adsorption
(a) The carbon adsorption system described to control

emissions from these two socurces (Vents A and B) will

40

reduce benzene emissions by 1520 Mg/yr and total

VOC emissions by 1938 Mg/yr for the model plant. This

is equivalent to an emission reduction of 15,780 Mg/yr
benzene and 20,000 Mg/yr total VOC for the U.S. MA
Production assumed uncontroclled at capacity. Of this
emission reduction, 1474 Mg/yr of benzene from the

model plant is recovered for recycling to the process.
The remainder of the benzene and the other VOC (V57 kg/hr)
are picked up in the scrubber emdecanter.wader and are
removed as effluent wastewater which may cause a trace

secondary emission.
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TABLE XI

CONTROL COST ESTIMATES MA MODEL PLANT
STORAGE AND HANDLING

Plant Section Benzene Storage MA Storage and Handling
2460 m3 Tank All Tanks and Briquetting
Control System Floating Roof Tank Packed Tower Scrubber
60,000 (a)
Installed Capital Cost B0~ $63,000
Direct Operating Costs
Utilities 2,900
Manpower 3,000 1,000
Maintenance B ) 3,200
Waste Disposal 700
. %,804q
Capital Recovery Cost 2608 9,300
&,400
Misc. Capital Costs '3@9 2,500
Recovery Credits (3,000) (B)
1,200
Net Annualized Cost  Exaaad : 19,600
Emission Reduction %6
Benzene, Mg/yr e
MA Mg/yr qe 2.8
Percent % S 99+
Cost Effectiveness, $/Mg 86 767 7,000
Notes:
steel

() 1Installed cost of retrofitting internal,‘floating roof and closure seal
on existing fixed roof tank: does not include cleaning tank, correcting
tank defects and loss of use of tank during retrofit. Trcludey .9"-\&\*
'ln\tes\ en%'mle,..'.\q ard 257, gl\gw‘u‘. !

(B) Benzene credit ‘at $.22/kg
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(b) Energy (steam) is required to desorb the benzene off
the carbon. For the model plant, this energy (as
steam) i__57,000 MJ/Mg of benzene emission reduced and
45,000 QZ;Mg of total VOC removed. For the total U.S.

MA production capacity, this is equivalent to 2§?=<

10° MI/YT. Frhtirt i dtoi i i Gyratineoiia Ben;ene

recovered is recycled to the process rather than used

as fuel.

The electrical energy regquired is 2500 MJ/Mg of benzene
emission reduced and 2000 MJ/Mg of VOC removed. For the

total U.S. MA production capacity this is equivalent to

40 x lO6 MJI/yr.

Incineration

{a) The incinerator system to control emissions from these
two sources reduces benzene emissions 1520 Mg/yr and
total VOC emissions 1936 Mg/yr. Extrapolated to total
U.S. MA production, this is 15,780 Mg/yr reduction of
benzene and 20,000 Mg/yr of total VOC emissions. No
organics are recovered for recycle to the process with
incineration. Stack gases from incineration can have
a negative impact on the environment (Nox, coz, Co)
particularly if the carbon monoxide is not adequately

oxidized.

(b) Supplemental fuel is required to maintain suitable
operating conditions. The net amount of energy required
for the model plant ranges from 278,000 MJ/Mg of benzene
removed for an incinerator without heat recovery to
62,000 MJ/Mg for an incinerator with heat recovery.

For total VOC removal the net energy requirement

ranges from 218,000 MJ/Mg to 48,000 MJ/Mg of VOC
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removed. The net energy required for total U.S. MA

production projects to 400 x lO6 MJI/yr without heat
-1o)

recovery and 960 x 106 MJ/yr with heat recovery.

b. Other Emissions (Fugitive, Storage and Handling, and Secondary)
(1) Control methods described for these sources are floating

roof storage tanks, scrubbing for product tank vents, and
leak repair for fugitives.

(a) Application of these systems results in a VOC :%}ssion
97 b
reduction of #® Mg/vr for the model plant and 4w Mg/yr
for the U.S. MA production capacity.

(b) The energy impact resulting from application of these
systems is minimal because the only energy required is
electricity for pumps.

2. Other Processes

Control systems for other processes have not been described.

\\_/
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PRODUCT ASSESSMENT

Summary

Maleic anhydride is produced in the United States predominately by

catalytic oxidation of benzene. In recent years producers have been

looking very carefully at the feasibility of n-butane as a feedstock.

Late in 1976 Amoco began operation of a 27,000 Mg/yr plant using butane
feedstock. In 1974 Monsanto also dedicated 20% of its capacity toward
development of butane technology. Denka USA has notified the regulatory
agencies of its intent to perform butane process development. Approximately
83% of the 235,000 Mg/yr domestic capacity is based on benzene oxidation.
Butane oxidation accounts for another 15% of capacity, and the remaining

2% is produced as a by-product of phthalic anhydride manufacture.

The maleic anhydride annual growth rate is estimated to be 11% through
1982. Based on 1977 U.S. MA production capacity, there is sufficient
Present capacity to meet the growth rate through 1982. No shortage of

either benzene or n-butane is expected during this period.l

The emission sources and control levels for the model Plant are summarized

in Table XIII. Projecting these values for the U.S. 1n§Pstry at full
K6\ /L0
capacity operation, the beq;ene ;mu551on would be #6838 kg/hr with all
3. n
Plants uncontrolled and dd=eb kg/hr controlled (carbon adsorption or

incineration option). The total VOC emissions for the industry at capacity
2600 20 1y 4.3
would be 2596 kg/hr uncontr;]ﬁ. e% \%ersus ¥6v3 kg/hr controlled with the
\S, 1
incineration option, and =@ kg/hr controlled with the carbon adsorption
option. Considering the degree of control currently being employed,
the present total capac1ty emzsszon projection for the U.S. Ma industry
is 830 kg/hr benzene and 1960 kg/hr total Voc.2 '3 Based on these figures
the present removal efficiency is approximately 59%, and the fully

controlled emission reduction would be approximately 99.4%.

The predominant emission points are the main process vent and benzene

storage facilities. Control of these sources alone can reduce emissions
by 99s.
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TABLE XIII

EMISSION SUMMARY
MODEL PLANT - 22,700 Mg/vr
UNCONTROLLED AND CONTROLLED

Kg/hr
Uncontrolled ngtrolled
Emission Source Benzene vOoC Benzene( vOoC
<
Process 19% 243 0.95 1.238) 4 g5(0
t.% .. 0.3 ©.3y4 .34
Storage and Handling Cra gvi o3 ] G
Pugitive 0.8 2.9 0.06 0.2 0.2
Secondary - 0.1 - 0.1 0.1
Total ) - . S iy
Q4 248 .6 .23 189 t.59
(A)Benzene controlled emissions are identical for carbon adsorption and
incineration.
{B)

"' Based on incineration option.

c
( )Based on carbon adsorption. VOC emissions are lower because of the voC

removed by caustic scrubbing prior to carbon adsorption.
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The model plant main process vent, which contains 241.2 kg/hr total VOC,
of which 190.8 kg/hr is benzene, can be controlled by either carbon
adsorption or incineration. The carbon adsorption efficiency is 99.5%
for benzene and v&‘f»‘feﬁé";fgr T';“ﬁllc‘)tiee.:{“;la.n‘c would be $1.480 million,
with cost effectiveness of $332/Mg for benzene and $260/Mg for VOC. The
energy as steam required is 57,000 MJ/Mg of benzene controlled, and the
enérgy as electricity required is 2500 MJ/Mg of benzene controlled.
Incineration is 99.5% efficient for benzene and VOC. Cost for a model
plant with heat recovery would be $0.670 million, with cost effectiveness
of $233/Mg for benzene and $183/Mg for VOC. The net supplemental fuel
energy reguirement is 278,000 MJ/Mg benzene without heat recovery and
62,000 MJ/Mg benzene with heat recovery. With either carbon adsorption
or incineration, the vacuum vent system is tied to the control device

feed; and all calculations include these emissions.

Benzene storage can be controlled by retrofitting a floating roof to a
. .. .. . S .
fixed roof tank. The im;ss;on removal efficiency is 3#%. Cost for the
0,000
model plant would be 5164696, with a cost effectiveness of SgéVMg benzene

controlled.

Maleic anhydride storage and handling can be controlled by fume scrubbing,
which is greater than 99% efficient based on MA emissions. Cost for the

model plant would be $63,000, with a cost effectiveness of $7,000/Mg Ma
controlled.

One carbon adsorption system is currently being used to recover benzene
from a MA operation, but reportedly has only achieved 85% efficiency.4
One MA producer using incineration for VOC emission control reports a

removal efficiency of 93%.5

Since the n-butane oxidation Process has no inherent benzene emissions,
it is an option for benzene emission control. However, data regarding
the potential economic incentive for switching to n~butane oxidation are
not presently availakle. Its increased popularity is evidenced by the
fact that a growth rate of 24.3% is projected for n-butane oxidation

through 1982 compared to 9.1% for benzene oxidation.l
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Supplemental Information

The process emissions from the benzene oxidation model plant are based on

/

the emissions which were reported in the Houdry study, Reichhold trip ~
report, SRI, and an understanding of the process chemistry and yields.

The main process vent (the largest scurce of benzene and VOC emissions)

will be sampled in at least two plants (Reichhold Chemicals, Inc.,

Morris, Illinois; and Denka USA, Houston, Texas) with additional data
released concerning the emissions from a third Plant (Monsanto Company,

St. Louis, Missouri).

In addition, the two plants being sampled have emission control devices

on the main process vent, which will also extend the data base for control
technology. Denka USA has an incineration system controlling the main

brocess vent, and samples will be taken of the emissions before and after
the incinerator. The incinerator operates at a temperature of 760°C; but
a temperature of 871°C will be attempted to compare the removal efficiency
of an actual operating System at the combustion temperature specified for

the model plant emission control.

With respect to fugitive emissions, the data used for this study were
factors based on the petroleum refinery data referenced in Appendix C.

The adequacy of these data will be determined by the programs Presently
underway. Radian, under EPA contract, is performing measurements in
petroleum refineries; and Momsanto Research Corporation, also under EPA
contract, is performing similar measurements in three crganic chemical
plants. In addition to the above on~-going tests, the EPA has plans for
testing various leak detection monitoring methods in both organic chemical
Plants and petroleum refineries. Completion of these programs should
provide a sound basis for quantification of fugitive emissions and assess-

ment of emission control approaches.

The storage and handling emissions were calculated using AP-42 data.
AP-42 equations used for calculating fixed roof breathing de¢ not téke
storage temperature control into consideration; therefore, the benzene

and maleic anhydride Storage emissions projected may be higher than
actual.
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APPENDIX A
PHYSICAL PROPERTIES OF MALEIC ANHYDRIDE



TABLE A-1

PHYSICAL PROPERTIES OF MALEIC ANHYDRIDéA)

Synonyms Toxilic Anhydride
Cis Butene Dioicanhydride
2,5-Furandione (B)

Molecular Formula C4H203

Molecular Weight 98.06

Physical State Solid

Vapor Pressure 1 mm at 44°C
Vapor Density 3.4

Boiling Point . 197-199°C
Melting Point 60°C

Density - 1.48 at 20°C/4°C
Water Solubility Reacts with Water

RIMitre Toxicity Study on file at offices of ESED, EPA, Research Triangle
Park, North Carolina.

B
( )The Merck Index, 8th Edition, Merck & Co., Rahway, New Jersey, 1968.




APPENDIX B
AIR DISPERSION PARAMETERS



TABLE B-1

ATMOSPHERIC DISPERSION PARAMETERS

MODEL PLANT 22,700 Mg/yr

Emission Discharge Flow Discharge
- Rate Height Diameter Temp. te Velocity
’ Source {g/sec) (m) {m) {°K) (m~/sec) {m/sec)
Product Recovery 53.1 27.4 1 311 20.3 25.8
Absorber (Uncontrolled) (Benzene)
. 67.5
{(Total VOC)
Refining Vacuum System 0.078 25.9 0.08 300 0.0075 3.8
(Uncontrolled) (Total VOC)
Incinerator 0.26 14.0 2 533 31.4 10.0
(With heat recovery) {Benzene)
0.34
{Total VOC)
Carbon Adsorber 0.13 15.2 1.5 333 18.0 10.2
(Two vents) {Benzene)
0.13
{(Total voOC) )
Storage and Handling
{"~controlled) T
+#  Benzene 0.530 0.450 _ 12 16 amb
B) Benzene &.015 0.050 6 4 Amb
C) Maleic Anhydride — &7z 0.045 9 7 77 ). 35°
D) Maleic Anhydride 0.021 6 6 ( 71 -] 344
E) Maleic Anhydride 0.024 S 7 60 313
F) Xylene 0.008 6 5 Amb
Storage and Handling
(M&controlled) e 2
A) Benzene 0.012 .57 12 16 Amb
B) Benzene 0.018 .,0344 6 4 Amb
C) Maleic Anhydride
‘D) Maleic Anhydride §* Trace S.l 0.6 298 3.34 11.8
E) Maleic Anhydride
F) Xylene-: 0.008 € 5 Amb
Fugitive Emissions** 0.22
{(Uncontrolled) {(Benzene)
0.81
(Total VvOC)
F1  tive Emissions** 0.017
{Controlled) {Benzene)
0.056
(Total voOC)
§f adary Emissions 0.028 Amb
(vncontrolled) (Total vocC)

*Storage scrubber.
**Pugitive emissions
area 150m by 30m.

are evently distributed over a rectangular



APPENDIX C
FUGITIVE EMISSION FACTORS



Fugitive emission factors have been established for petroleum refinery operation

and published in AP-42, but are based on emission quantities per unit throughput

and are unsatisfactory for use here.l The emission factors per equipment component
used in this report are based on the original emission studiesz'3 used to establish |

the AP-42 factors with assumptions as follows:

A. Pump Seals

1. "Uncontrolled" is the average loss measured for packed seals.

2. "Controlled" is the average loss measured for mechanicals seals

assuming the major leaks are fixed.

Uncontrolled Controlled

Pump seals kg/day/seal 2.4 c.16

B. Valves
l. "Uncontrolled" is the average loss measured for all valves.
2. "Controlled" is the average loss measured assuming the large leaks

are fixed.

Uncontrolled Controlled

Pipeline valves, kg/day/valve 0.068 0.006

1, . . . .
Compilation of Air Pollutant Emission Factors". ©Publication No. AP-42,

U.S. Environmental Protection Agency, Research Triangle Park, North Carolina,
March 1975, pp. 9.1-1 to 9.1-8.

2Palmer, R. K. "Hydrocarbon losses from Valves and Flanges". Report No. 2,
(PB-216-682), Joint District, Federal and State Project for the Evaluation

of Refinery Emissions. Air Pollution Control District, County of Los Angeles,
California, March 1957. 17 pp.

3Steigerwald, B. J. "Emissions of Hydrocarbons to the Atmosphere from Seals

on Pumps and Compressors". Report No. 6, (PB-216-582), Joint District, Federal
and State Project for the Evaluation of Refinery Emissions. Air Pollution
Control District, County of Los Angeles, California, April 1958. 37 pp.



APPENDIX D
COST ESTIMATE DETAILS AND CALCULATIONS
INCINERATION-CARBON ADSORPTION



COST ESTIMATES DETAILS

This appendix contains the details of the estimated costs used in this report.
Capital costs shown are based on an accuracy range of +30% to 4a . This range

is a function of the degree of detailed data available when the estimate is made.
The evaluation made in this report is a screening study based on general design
criteria, block flowsheets, approximate material balances, and general equipment
requirements. The attached figure illustrates the relationship between the degree
of accurez - of an estimated cost and the amount of data available. The allowance
indicated on this chart to cover the undefined scope of the project has been

included in the estimated costs.

This type estimate is an acceptable basis to provide a screening estimate to

indicate the most cost-effective alternate, within the limits of accuracy indicated.
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MID 1978 INSTALLED CAPITAL COST....._$1000

1000
900

800
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90
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70

60

50

40

30

INSTALLED CAPITAL COSTS FOR TANKS

O- 2lb)

"INSTALLED" includes tank installed on a
foundation, painted, plus indirect capital.

-— — — ]
] e teeesveeoe — = ——— ey
: —== 157
! —
T I :
a T —pt
= s Z
.-
P
+ T T r ——
H ] S
It + . e
* Y v 4 -~ -
n T e = — s ——t
T = - - I8 AR — T —
P RS H : =t P y -
T Ty + - 2z
~r
e —*
-
. S =
v, Aty
v—7 v
: > Do
-
?1
-
z = + -
T . z
T " T
- ! T t
* e "
it T . o
v - . T
: |:‘ .. A LAY
; T 2 H 2
- T 3 - . : . i1~
1 e T T : Ty D 6.l
- a0 ” T H L : -
T v . IR 1N : ) \“ D |
. 111 A - N frif ‘. ZaN -
o i . i o) JHIEREE P2\ 2l R i B
3 7 N BT I "
- -
— — - ——
e .
e — b
= = >
- - : >~
- o~ y .
.o T . Y
. > 4
+ — 3
1 ) 1 >_as 1 -
1 - . hd i
>4 - > L . .
o~ - "willi”_a - .
T : Pla W o } KR
i . . . P, " H . i i —
+ -+ T 1 L T
T v
—p
7 -
—
T
= : 1 T —
—>
I = - v
T -
T T —<2 T
'%’ 1
3 ;& - . 'y T
e Xy 1 3
3 1 4 A Mg T 1
- -
) o
:
*
' T
5 6 7 8 910 2 3 5 & 7 8 9100
oo
TANK CAPACITY........1000 BBLS.



VaBY ) \.. . ) .. o

Ny
N
- ‘i.:

- ) ' u.~.1 : T YTV [ (S TIAY - - - -
SLTLE TR G m e TR Tl .
- l.lll,l.L.llIh (IR YIATE T AN -10-_!‘.!-’3‘.I.utln;' etdiie sedendht N it - - - ndﬁl ‘Pn—lm. —c)Umq
i T N LY HINIONT SIS PINNIMOLLINY JIUPISOIPAY) |- T T e co s o - .n )
e e ——— e E - S e m—me— e ee - ST e T T ovmins euphy
w 0 -a a rIz< u —u (2 . ) T T - T == l!-a‘-,(: 'A'.‘anﬂgn
vosL " .o - A v---ad._..n(u aavwisN GLGI Oiw B1s0D CFTTULLY A g\&in.v.\

WOE { BDHNVMOIIVLOE ¢ ANBA0IAY LvaH £330

N

. - -~ - - LI &
prvbre
2 WOSZ ANILS HWLIM ASTADIY LVI SSFT HOLWTINIDON/
F
u naa wote “WIES'S "7 T rLew
TEANTWAYLENI " T 0009
LIOYULNOD ' S HBMOIB 8IDNI VIR
‘aamNIY WDiug 40091 © 110 'd 001 © NI “mIn 01 2P 26
L)
"IN 2p » $,92°9 IV ITENE YE TPRSTT-1- i ‘'WSO'E VAW G 2 WY

nommwyl vowaz tans

\!tv\\\\Q\\\ z°

.\;\v%&«». \Q 3\ \\V&Sﬁ éu&.ﬂ&.wv \BQ\ FIZPILT THVIPP &.ﬁ\i .1%\ \N

566 pEmpm gm0y

- SOl wn3NIDN Sd 401
HSVIS gy 'S/l GO'E - ALIDOVNA ...I?ﬁ. ol verLz
ﬁ%xﬁgix @S EILSIwa0 slev 1re Tt = avawm
‘9052 WH[MNLQ WSTEE= YO % fv 9 v-“s\.wﬁv-\aaw.\\axv Wiy
‘mHfa pS86 ‘eied @y
A AAODIY LuAH r\rﬂ L B u..tzQ 4y 1'P21TT 7" ‘sSIHd
- fz_\.lhw.(
- - 4,001) 2 TS T e e4wWEL
_..._.r¢>uu.n PO ) $£5330ud QL L3y {d4.001) O,8¢
o ) : NiW el d OOOG ¥
_ _ . n\.E soa
¢ 4 [ wTGudSav - )
maves | § - | ¥ HOLVETNIDNG 073 N | Au3noodw | uk[e100%'28) - aonchlo-
ssfjwzze _; | 400 250N io>nackd /6w c2:aiwy moa
' ) L . — — I—
0. 1LE '4,0091 — «Ebb’'bb
DA SO a NOILNILNY | »T00°0  QIdv diwuoi
sjowLez’ un/oia wellt « §0'0 10AHIQIVWEO4
wes esel LnO TBNILwE Lvan “sopsmon (v4ay , scs' §/0qL90° . 10°0 TTOIBV 3iEivw
sfw o1 qaa . s3|yeieAsmyge L 511 5oy yio° W 50 T anIING
WU py 119 \(‘I ‘audTULq .;ﬁvmv.q\nJ £60° APy . 00 ot wavm
s/ eeE Mong [ eita/0ra ooe h) : To T av . te2 oo
(ANTACOBE +wdH WLIM) WHIOW BEE T T T T T ANBLNOD 'LH . 2 F 40%1 . £C'e TTUROD
simataees {rummssue “Hfsaiwos ¢ AR
oA myo [ 5007 0iwR0 wrfnig WOIYELEL . Sfgw SE€pO T Bivh mona\/ . .:nﬁ OOLLG «4vDUNd » LM EPIT """ QO %ULM LD 9" T
suwruaq x‘....m.v.‘m._qmv.xmu.m SVO WuNivi .r\L ooog TRIA WONDTA SVS 3LSYM

‘NI

NOILY UUIO

® vwrau.is Ny

@i(lx.rc



a A ,
=. = oW Ot _n\ad.ﬂcm «GO) _m*.CL_I
ciC o
s TPW T O25T +hoas oLy b=t SSANIAILIIIIT Lsoolf\)
LS00 AQ3ITITIYINNNY LN
- ANOCN SLTUOa3dT AIFIA0TH
._\..
‘ MY INON RASAY 2= A (o - N R=1T/V Y
4 ¢ : ™~
7~ VOO 57 p YV X A \ YO ,r S1L80D *«dvD " ISIW ||
aj , .
—— ] N —
p m WO EY # A L X A J dVJ a\.H._w_ AdTFA0ITH 9L dwd
: 4 4 N
! _ oCO03 n R 5o X m*SwGG_N ) AV G uchzmlrz_dE_
~ _ .
t
) < + ) - { N
000 9 = TIU | € i VW I 5
! L_ A 5 ((FTIo08 X ;\*O_ T¥) N Z HTMOINYW
. | .
M | =
! _ g : ITNEAWISY I3 S IIETWa" TSLew myal
= | TN = - OtH YOO
' i { y) Pon)
!c_ / (0.9, | = ﬁ :gx\mcc % , XTHIOOOY Y RN GJ TRTYYD T DT
. /
\m”_[,r_\w _.. e Ol \ ms X M\_,\M:A (o v ole)
..m__. (OOG b 4 = A_r xmhu\amoowx JES{S Teigey m\mE CESYDTIVN S ALINLN
«
mu OO0 'O0F o gg
— CO3ATNIYLSNI LGl OIW
[} .
> WA OooE R v _ _
By Y/INE0  INITAN D NNIVINOS FICYNSno
.. ] TEYOl oqan 4o aiun B ALSYM
(o 'O NIRLD 4% potyrauu _

p

\_ -~



I Jocvg,,udfv Luipro| Loques 3snNed8q ‘cyuby 4o

“(da1a B

1em 3 wesls Uos, gL S X
1) rm—"Bw®, - TR > 1 s " SOK .rok_ 1
St +— e a6 BT = = TN S =P
4 \Q WebY .oﬂmﬂuwuwa ANIINIL SSANITAILIT AT LSOD
— LSOD OATITYNNNY LAN
/ (!
—~ ¥ q_.w ¥ :\.:._ O X .;\;O_wm T ANTIWNIED CLTOaI Iy XF3A033"
T :

vmh XUTWroosS'ogl X ._cw\_c. X WAoo

_ TUTO0dSTa TISVAR
7*_ 00D oo_.f X [oT S1I€0) “*dvyasSIw
—lvoc To ccogoo_f X LpT" PN e 71Xo Ja b= i R IS NN P= 100

Tqaadm VOTOOTI g Oo° TONVNILNIVW

o di™ ¥

AN Ao o) —

- 24 ,,.5\4 ooo0g X cgﬂuﬂg'mw NYWE™ HI MO NYW

d ) ¥

a |

aj OO0TPT -E:nm..h_,x.;?oonac NOFEVYD
L —

A7 (7 [85"3 > To00w Xy WO VR oS ST s

el "
! X ok I ] HOEN
ooo e d AR v OGO«W.mQ (ST Bal=sw)
08+¢N V G¢2 \-cﬂP Ay " " T 2 # Ume
(@ vohae A e 5l X ¥eoys W OoT SpEz T WYILSS
J = oo % = TS ALINLN
TOT'00T X Aeon:_m._.ﬁuv ALYT5ST ¥ VIV UTOHADITE [~ NG UISTL] ¢ OOO 1000 19 LTdyd
(4] VLS NI 8L61 Quw

‘| rASWS N S8

PROT, Male
. I

o (© wayshg ploYyyoiey

AGH. d4o

0. 3498 B _ALSwM

n_ n!im.ﬂutﬂﬂii PSZTEN Ul Y- T

\.\4

. s ;

3Ar 3L -6-F ..>w&Q*




Sor(3

]

33Hs—

w |

.... T 40T i »uzu.
FHSEET ?ﬂsmzazqﬂﬂdawmji royd,
I L3I r ——
+W BOE = JE2 = MOT .
gW OZT =5 F HOTH [ IS NVY
OO = JY9D ISNTrgreramw
(0)2] =) AN OoF .N\gn“n__mu d.Gq.fm.:,..Lch. i WWNF_C.}QLG q¥oe STopIaTEy ““ :
_..u:mu»<<+00m. © M.TJA._E.WME —% SO AU IS pIS U U s ouemof Y .__ T ,
ST T TIYISIENS ; __ — _
T2 x . dﬁmdlvﬂljmg@l%_f
=t = 2§ = gnargng =
(A= ([0 F g9° C.TMQ X~ WGl "I ST YI0TeY £ IATR O X $TE TSI LSIWIT __ “TH
AN ion 283 | ] W7 __
"RUSADSTE LaA DN == SIo0a  Srogms— s osrwos— —
NIV INIWNE ST g ImoTa 4~ SToNT—{ NorrRI s ——
22 « LT ¥ 9"z w WO O3SV ) SCLFHINIONT TYWEARL WIS O00EF || Navy
%3 LBNI Y 175 > B
Q00|
QLG D_w,. 3IN3IYIADNH
AVildv)] 9ILON HO SOV W3ILl 40 ALITIVA 40 zo_hn:muwun_ IWYLIdVYD

5

| Qﬁﬂﬁ.&ﬂgag_



[

7

D=

¢ .-y

o !
Qh_Ci:i_G-
[

-~

20T Maler A hudnd

_.u. —Os C!,rl Lr O OD APz Nl
B ) ! Lm\ 24 a) .mw.&., m SO = @%\#-lfﬂ\\
ERl 4 S %Esl - JON .
w mmm‘%u IK[SW o251 = SA[ODPEE, = ST T S S ANTAILOT 433 LS00\
ol COY PEE % 180D QIZITYMANNY LAN N
Hi
| , N ™ / /
Pl (GO0 8T %) TLT 50T 2 XATHTO0Y X ¥H[TIE WSG9 BE SITOI YT AGIA0ITH
\ 4 ¥
INON TETUI ST ITET/A
: - 3\
Q— VO T2 i (7o~ X dv5 L S1S 03 *avd ISIW
0]
. P N
WOEG # (LT X _. " ) a3 LR AITAOTTH JG._._nEu\‘
_ P o |
[OCoEE (5O x..OOG.Oru\ avs g TONINIINIOW
y ) Y
~v (Olo/oht> N | " [Fq 0T Y T[0T X27) Nyw 2~ HIMOdNYW
_
| ISLYW My
! . 2! R N\ Vs
._ OO0 2 #/n r_\ ﬁ HAGHT \MO.# A dR O X o1 \ AGALLLAS IS = = |
| b [ (T or/ ey ¥ ER/SHTFOO08 |
) OO0 I pl X h R A K OOGx v
oy it uw\_sm»_o Wl S9TT) S SEF ST TGN CEIN RN 4
- ML= . may 72 ory 34 4
Soo‘oTE SR TO0) TV LIdy?
Q3ITIVISNI_8LEl aIw
WASOCOE, “ & we o2 TINTZNFE SNINIYINGS 3,
- 7oL, .E<\<,:w:cmqa.w 93AH_40 ALYY B _ALSYA
'STYLIQ LSOO A= ZUTANNY
e A\l
\. -

.

\ -



d TTT40T] 33NSTT _SIET '9HI
 J ¥ v
FHR W Azo_t«mﬂzazngmaﬁﬂ.zﬂuﬁ,aﬂ TOYel,
sW TS~ [0+ A ISNVY
O = LAY OaTIWWISNT  RLGT TITW
i .
OGS = v Oor — rAvwnto (T 7V DT WO OE T TV | SIS RIYMOTTY
@ P= = WLiorang
= / )
=% =4 g T F SISN HTH P ONIgIa /g I IsTwad @.m._.mz_ __
"V F — TYIOLINS . __
) | \ I
e (ELLME B Sl SELU 4R )17y TRTIVYD T H :w_chq__ - I'H
EEE BNV Ra )] .
L ARYTRDIIEIWIAH I._._Z:Mhtozd_tq.rzu_gzmﬁdzﬁu
- a0
E 1§204m CSToONT fm<c:. NOIINI I3y \AT g
EF - MT X g% ONDSAT S0 ) 85I E INI TIYWIIET 000) MR T A
St = Hun.u_ Ma..m. ‘S (01} OOAS S0 ) 0IVIAINION W WIS Vv -hm.u,.u.omrlﬂvli
[aYeYe]
QLG D_fb\“( JINIUISIYE
VLAWY STJLON HO SOWD . WAL 40 ALINMIDv4 40 ZO_.-nn:N_uW.uD MIYLidvd

sSTIviag Jfﬁ..&(U aI VLIS
\ \



1 "Adn !

'
|
WL 8 -€ 232D LQw0a a' | e . 1
toie ' Co
‘17d /v NOILd 90Ta\y  NOIUVD o e e :
N 300w

DOVEIAHNY Dlavw

)7/3

ateog’

LS wanoonmog

RO w2761 :u.o et

tingas g

BLralE pez

N T v

() £

Jl. m\.: 21°01 ' ALIDGVIA Waa D002

miU(hm»S Vel dGi. T ALMDOVIA QAR .
142 o HiddQ and WS Yy ix CC3
UsUHY, tvam s Mg frweos ﬁ mL- wHiw
‘ﬂ.q oo WILNYS3G .zr\nJ ozoL N>\..nwomw. TASN NOTuvd “M1E we cogo
' AIJAD BNIAVODY WH T wWedHLT NO CQ3a Q:M\. .4&% ‘¥ SRYT OSSR
W 906 Cyozou 039/ woruvd 4o S8 OcaMN TR LS 'OH 021 was czoi
N —
AwinorworH' L b s "ue i 1a ovol WNatH ‘97 Ot v ¢ Of . . AW HO VN
3 weo €0Ra mNoewnvs P NE "lI§s s
h mASNia Tt ONINDYS IR TS 0 S €
A. 1080224 maBuy HIaIOusSe
Ny 1 -~ Vayo,
HEAS vo, 2. + fyva g4, b _
4 lQﬂ&G b« # ?\UV wd 6 gy
WwdD 9°9) 515 o
‘5|5 es01  wnfar6'aope "o ' ¢ " NS o ...I\.so,ﬂ
C el v (56T e - awsnag v/ 2010 Wy gre v ¢ T TEE Z M e
im: 1T} R d:\nJ O0pg "t uRLYM M1t} Trvﬂ HOPNSOg
TALSYAA w18 1)
— Q . = Wd O by
n_wm 25070 .:\am:u v oA G € _ | voesug OV
N Anaznaa —— siceg ¢ by 850 sj/oq €2 dWNa IO<-H_IA J WlVL. HOWN
A a3 /u'wul!u _ # (Frereriiedmmn g oove =) o261 e ———— HO VA
st e e T e ETeS . . .
a . _ _).\15( s wvilg ool WdJO oy o\mx €10D" * 4yt 01
[ 7 a@wna |l wasnvoaa! { i rvd T PASVM WAD gy
R B o _ "\
- ﬁ e . T ey & W IR S (R pevrow h
WH s{t) asn ™ aza ! , _ - _
.”Muu(._.m _— Zoonu,...utu z.uDﬂ-M(U _ — ZWQM(U _ ~NMECRAYD m == ' " 450y
o I R T R >8'La 4,004 t~ r
P “ * | ‘ * * \ “wioL - SES ., rum‘.,
" e.08 ! 2,09 : _ m\nx eLr22 ..:..\ 000281 suoy PIVNMVICAmIMIO v Sy v, bio-
\.\/-.5..\ ~ L ) ._ . S 40w aNaznua ._x\ oz’ m»xmx CS0.
T e ———— S S, S ] ) - —
r m\._t.veoo. \w,u 4 .anzﬂuzcu—l» n\ﬂx ESO' “wn \- 02 iNaIwnag ﬁ;.:.#m oI ¥eie o\ﬁ L0 % 1g
(vefav12) oooo. T i Aw_n._ 1 v oYY 12
ALY o.:..ou_ -.o..o.ﬁ\ .c.ww o "(3.001) 5 8¢
uluNZua ) e
.. \\..\
e

7 ’ 4

R J6w coLtt ‘usf@r, 008 =

42NnAa0yd

c:E\ 11 000€y) sfow oz
“wordido Tx\.aoumnc s/6y ez

.1.\.4& ¢ hea .\ i&-&-n.l P -A\A-V. » o\ s \o.\:-. P \Q.\\ -

"MAJHH OCOF = NOILvuEa0

() sus aisva
anNv () W3LSAS Dw/



‘Capny .W:O;u.u..e- E

” , ) TOME 1 = (5B g sagu) MALIAMN DI =9 pL xS~ 1 a S 4 ‘HOG i) = 8_0

8T .II.Q.O@.N_—H - BEGI — Ti

|

N " ’ f c
[0 —%m Q .Nr.m.m.m.. 7\a<< 023 =T L?Ooos.\.\- >3,

SSANIAILIIIIT LS00 &

; °Q0 sTT\u
10 _ g

, - 160D A3ITINMYANNY LAN|
‘ Toos' o —for—r oo g 2 TR .m,m_lmmdﬂuﬂuﬁzu h
__, (e ML { .\ 4 .:\_a ,v\ \ . = SOOIy AIIATOITH |\
. . . , . B . i
mh ey N O X T X "W g LT ) sf6gerT TTITUASIa IISOAR
ol .
.7. G&fooo.hq ¢ VIR S1I807 “dvd 981w
- [] I 8
_w. . ~l mo,momo.mmm. ¢ IV IR KIIAOIIE GLigey
1y .
—eeeFE
vootg 9 =L ey A TININILNITW
sy ‘ . - . __
& , OO0 vE _ﬁur_ o0g H.::.o_ XEY) NYW ¢ HIMOINYW |

T nn\mw Jﬂug.wum\mm‘g&qg,qu

&qlﬂg%:\a *W\ T /by Fees—RoVN oY

\9'Q

$SLYW 2,_5_ Q

.N_I?.&P..U HIALTTAMT RO ITmMTa oI

fJ¢¢GGG<Pm. X OO0 X HIS g \ w\mEvGOO- GM.I TS0

Lgm\mO.f X qUoOY *AMAEET ) TS EE

3 m_&COO =3 " C:m O_\m X 0 Fgoool x:cccg\dwdoﬂam CT TWVAE

tsatnfV/

Gquw.m_I

ogat ¢

3 %ﬂjﬁmmu?

AATNIVLSNIL g8LEI QIw

L

WIS TOOET [ E U7 AN TINST ~SNINIVINGS IISVM SOGITVD

.a.:ﬁoﬁ_ +noO T@H;Gb::(

DAH_ 40 JLYH B ALSWYM

HUC BL/ '€ 1A\

.. BROT MaleicAnhudr

- 4

r -



AN Reyt of Ca:i;aor'ldx:rf—f,cn Sys. 511918 J.R.F
PRELIJMINARY CAPITAL - -

D-11

—ana T e 3T 0D

HEiivTT
C (oDELBLTY . L 50._i‘.—T‘?f’_J.kaE.‘-'t??.'."_‘iQ_f%’“!if o T

_43000_ _CFM= 20.3 Mm3/s

AMANAALEIC.. AN )-{Y 2% Q

Tt L1 wwet

— -

S a1
Cost wiowrll

= §-
=-]

L. R.FORDYCE

e CAREON_A D‘OQPTIQT_‘“--
a1

MNAR-_B,_1I8

isn:w:o-: eIl SICIOE WUvELE 8 mamE

) : SUMMARY_SHEET

R
.
e SECTIONS. —ALLOWANCES.- ETC, Floco .
e o CRRTON_ ADSCRFTION 2ZED SYSTEM __ _

[ SCALSTIC. . SCRLB _  =EYSToMM.

— —

GuSTOTA L

AAZA LTER
Klb‘l‘lNQ -

P —

A ;

- ________ALLOWANC.cS_( B Y . X8 .)__._2 S il____ 304

e —— MDD 1273 L AINSTALLED__CARITAL =

i e § of

1. 89©_  <[K .

... 386.__ ..

k=6 1,288 .

S | S~ > o o2 WY -T- N

PROZABILITY — =0% = 2R )
: 2,10
HIGH = Ja3 X R T ) M$ -
. \, 50 <
law/, = OJ1 Y. = M _

]
s




it IUb. ot 13 _

A:E—Y 4”%..31-.);311 /c-\q;s;r ATJLOI\ 55: :o/‘s <. R.F D-12 .

PRELI —3Q x_ IO .’h/.y' = Q200 M /\1 ’ ‘E

S 1 vk €A BB RS T L T

g IARENC A{\;‘J:: D= _ === CARIB N AD2AORFETIO Nrim_--_.____i.o.c__ /sJ ::?.'5-::. .

J:L_:-_l —_ _.’~-J_R.J—OQDD'C‘E ——— MARCH. 8, .38 _ g
(ot ~.oeta 3CUDN wiw MCILE Wi PLE & 100wl

— e ammn __l . J AREON_AD%QQE‘:—JON =SYSTEM .

) NLIKE OF FACILITY DESCRIPTION ouinr | MID IS

) 3 oo

——— 5\_C5rbon Adsorciion. PBedss. - - 287.

1S 7,x:o ?ons,.homzon.al ISM..

. sdl
351.,--:) .w/lnserncls s-eg-—sj
3¢ bed

%:Eeegi-s_, <7 ._’.L.m_car'-son]

nsuls+

.._J.:{E_;"JﬁL.Q‘G&LS.'l_

-t o

Du.c;y_;_ork & pc)qq [Sxrrea)

j——@_L_Z‘QQ__Si‘JAmBJﬂ

21
L’% f R4 Jco " _ra__g_c_bg_s —_——
,‘ : motorized
4z'd = (s) .ﬁ_de.mraer_': -
G "a‘-: x 1008 " st ’me
4 "4 xieq’ v " " | .
. U R r—,oﬁrned
b "~ (4) 7 i e
n '
& & -(a.np 80) ven+
- . = T
4 -8'Vslves g 100 - )o" Nend.
(1) Copdenser A
2
‘1040 P*r boriz s+ sl
Fl T j A
(N Necanter P
] ) .
o) qa lvez—+r<+l7 tdc
{13 prnduc-i- pum;) O
- e |
S gpm‘c(an-f-.} a HP t&¢ '




AN

~ =T

[ UNSR WY S

:e C, ben Acfaor,.a-hon 'bﬂs 3}10/73 JRF D-13.
LH'INARY CAP ITAL
. ‘ -_SO._J _JO('U:-_/.\.'J‘ = QPJQO__AS

P oODO___c__r_M
s——————— CAREJXON__ADS

20.3 n¥s
"'" 2:_.'3'_!. ON

-luL!

NALEIC T‘-.NH.Y DIDE

I speria

__.__j.Mé R.8,.718

B add=hd fulll ——

J_Tuo DIV

- ?.‘;R_._EO_RVDJ'C E__

LISEY 3 5L AN SYNYT 4

;DL
J._c 2RIZON_ADSORPTION_2ED_SYS Y ST EM_

19007

NAKE OF FACILITY DESCRIPTION cusnr. | s
o L _ ® 1cac
e XD Esm _ . —— 67
_____ |- SO,000CEM, IS sowe2 Y .
__1Pising. {ex+ray__ | _15
__Cbn_o'gr_‘:.e_r__{o;.d.egarie;_n':a- - — —
‘____Fum_f:v_-to_sio.le_c,i_c_lnni‘_:cr Sig
J.Dﬁfilrﬁprﬁ S'qu.D._',__J.S._ WSS
Fxutv S8 oressore coniro)l!
L Inle-—cxl-r‘ srslisis, bed termp.!
coiticol, s J.oa_r:aa-’mls,-carpc.mer,,‘
decsnmter comivals ., -
& éégés ée'/ura Pump '
y -
2o GPM , cenl. [2HP +4c 12
i
902
Subhtors! This ger-i—or S




=112t O 0. 01 I3

.ApeQ 1 OI (:gr'::-an Adeo Diphion 3_55. q';ozﬁe JRF D14 "
. - a a )
NELISNIINARY CAPITAL __EO_} ]O_JL/ 3';:100-})49 N

. e mm- Y -_——— = -__-...

"43cao_crnizionm is
SAALZICANRYDRIOE .. ___ _ CARBCN_ACSOS TION

vezacy T

S1EVI0w s wlL ;l PSSR SR S Al
__._:;._'__J c:Auerc: SCRUB_SYSTM

JH.‘.HE OF FaCQILITY LOESCRIPTION OUAH!’ MID ) ‘
|

.l Bs’xs &_high, &._ é.)s 8. F:d e _ ]

__J()Csustic_ Scruboev:-__-_ Jd_ e

— ] @AOD._J:__O;{_J sddles, insulste
s eH. e

\_uu" Cr - =s0m

/
Lo0gnm 1?0 Hd7_5 2 =il | Sf. S 314 % ¢c

1) @|rchlé.rJOIu umo d_ I 4=

W\

-or- \nsr\d <U"‘P

e
=Q_Q_:J_=J7_$4} Ve]"” o5 JDS!

Sco 1 ) shell ¢ i()lnefo",]lﬁ(U

lostriumentation

Ccr,-}rﬂ)s ror D}wr2ev£3_+ erme.

L | |

Sobraral This Secrar




TIAN TSRV Y YO0T

PRE N Lo E + | ———
_Jodor g 506 7 AYIA0ITIA LWIAH HAIM NOILLYuINLNI
6G1 obz” eBl® Q0A+9

[$1) .

W =0 ? €9¢E VECY  |Zg SSAINIAILOTIIT LSOO|N
dl .

= 2719 el vSE L6600 O3 ZIIYANNY L3N
T "i

114

o .

9T -— E = ) < o r )

m\m ( ") 7 (heT) — f T0 ¥ (§79) ©) .mm__u__wm_w_.wﬁ%smmbwuwm
N o - S5 e I TNON 0) TYTUISTa T ISR
WK
“ 7 F 2IsM] Ol $ 18980 ¥ LT ® S1S0D *av0 81w
1

ol .

o e % ..ﬁ F 21871 re ¥ THETD X 9k ® KETAOITI TGLd9)

] T

! :

ol o= EoTET =) = TBE'O X §¢ ® TONYNIINTGW
dr |

A = ! 91 3 I =

) 2 _ g1 ® TITMOd NGW
—

Aar

F U =4 & -
e.h . &) F 20 ¥ TIWON 0) ‘STLYW myy
!
5l
0
3}
Nom 1 .
cl : < ”
pul 2o T e =] T 2°% =5 1@ s g3/
= e : ]
V= v 1 h
F S TO | F oIG T 55 S F TS OY OL9 (© © 000l 1907 TvI1dyn
2 : OITIVICNI BLEI Qiw|
M - : Ooo | . = OO ﬁ
i HSOO WAZOOOIE = AoLovH * OOM\_DE P FHOLIw =09
n wAnEw_ . , 1S0D waloooa . | 40 ocooew areaLfy .>0&Q
' 2 ST arw SlweQe e



AUITACOTA JNIH S5 :O..:u,.uz_uz.

D-16

=207, MaleicAnhudride

b.,° 8rse olL{?® AN ol .
Y AL . 669° OO 17 ssanN3Ai3a33 wsoo||\/
S&L] 21 [S{e'S) LS00 QI TITYNNNY .ruz_mw
- T
. O 3 = ) ¥ CT'O Uy ) STIO3dT AF3IA0TTH |
& W S HIPVITEN LM.M..EUIILJ
O + 2 © 4 270 f Ty D TYTUS ST ITISVAA
$Z F oIS E2) F 18E 0 ¥ 9] @ SIS 0D “avd ISIW
68 . F PISTI E=a=d ¥ '9E™D v_,, ES ® KIAR0ITH T Lid9d
. T
« OF £ oTE T 4 _+ MBE' D 02 ()] SINYNITINIVW
J |
9 = | S K =
| . 21 = | ] ®@ HIMOINYW
_ \
_
f G n L3
| T . < © SR AL I N0 PSILYW My
|
Y=y o) 5 |
. . ° 2! T i A “wm:tqc.aq
ST + oIe T 251 + 18€°'0%  O6F ] (® © OO0 1807 T19Lidy)
) OATIVLSNL gLGI Oiw
— 974N 40 _3LY¥ R AL
$#t OO | OO 4 TEEmS e me———
LS00 wd DO00098 3= 4OLDOVA + 00| w oLy LS00 :
- Sewr oy LS00 WaI U598 4 OO0E T Ul RLLTE 1A\ _
(o WIsoooes iy wasnoora— b



L&) «rq....\ NOLLAMOSAY NOFEM\YD
" ] T " ‘uE -, _ MmmJ . ~ 89b T w T IA70/0L
m‘uﬂmﬁv\ N maa ooqu b \m\oS O0L - WGTE SSANIAILIT AT LSOD
l.l: —_ T\M’n ¥ o= || vazngg
3T onw 12 { 4
w7 JV EE T LS00 Q3 ZTITYNNNY L3N
{
O spo—*x~ o << ﬂD.m.._Tu nh:\ +_c s 40 -0 SLTaO3dI AdITAOITH
WENMI. <l 7 Tspom =] N A +_L [PPowr o oS TEYOSTT TISVAR
3
W X W . (»] W b4 5 v ~
pT -]’ O%mm. o7 g FE- 94 n wﬂm 7 7 SL8 03 *avdITIW
U
aw L = W A d
& 3 =0 AAE lﬂow..jnmwr BLTPT aS &1 Al " %W\ Ll KIIAOITI IGLavs
i
L
AN = N GEeE X gy W eFo WoRE TG TONYRITNIW
m.._ , & Oty 4 ¥ = . A ol * -
_mv | l—
~ .w,.«ca x4 FIAPpoaTS P SWES *E Fe 9 PO seEweS HIAMOINYW
.., h. .:m. [epoaa “.o A ey
1 -
99X FeTepom gy CERL T T @I IR ¥ HO® PSTLYW Moy
022) O [Oo *9 O30T (@1 OPH PO T¥5 Dr¥ee
ra7 HAA oI Xp m<< (=g | (23] TREHMN Oy
=4 WESTT Yo _ g _ :
\7o7 T O (Bt THesREreqr Ty . S31L1LN
o= _aa W oObDE —= [ 1307 T TvIIdy
ohL 2 f Qlo! i noouo%Jarwz_ 8LEI n:s.u
B S e e = WA OO O g o = WIS o0g
— /s =t e le” % - > ooslE . 9741 40 3194 B _ILSwM
; INYTT"YIgoWw ™" ~«-go| ING” "™ MM‘M‘II (soniea () = T eL-E .>0EQ
(- - - -




D-18

13a of 13
Rev. 1
Totzl Heat: 27.86 Btu content of waste gas Fecr the 1400°F inc. system
34.0 natural gas w/& less heat recoverv,

61.6 Per. J. Lawson 3/1/78.

l. The only change considgred here is the utility of natural gas.
3

37,800 CFE x 900 Btu/ft” x 8,000 hr/yr x $2 = $544,000

10® Btu

Use $544,000 + $2,000 elec. = $546,000
2. Tor less heat recovery, other costs are same.

¥ . 30.8 ¥ Btu
hr

3. For with heat recovery, credit for 50% of heat

30.8 ¥ Btu/hr x 8000 hr/yr x $2

0% Bta = $493,000/yr savings.





