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Introduction

Monsanto Research Corpcration (MRC) is under contract to the U
Environmental Protection Agency (EPA contract 68-02-1874) to provid
cient information to enable ZPA to determine the need to reduce - pol
from stationary sources. The contract is one of EPA's on-going pro
ensure that pollution contrcl technology is available to meet the r
ments of envirommental legislation. During the contract effort, MR
astes detailed emission inventory data on selected air pollution souy
Emission inventory data generated covers criteria pollutants, hazar
pollutants, and specific chemical species. This paper presents a s
emission inventory data generated on the above contract for five chf
manufacturing operations: 2} acrylonitrile manufacture via the prc
oxidation process; 2) phthalic anhydride manufacture from ortho xyl
from naphthalene; 3} carbon black manufacture; 4) synthetic ammonisg
tion; and S) ammonium nitrate production.

Acrylonitrile Manufacture

In the assessment of acrylonitrile manufacture, MRC evaluated
duction of acrylonitrile by the catalytic vapor ammoxidation of prd
using the SOHIO process. The six plants producing 8.62 x 105 metr]
per year were found to have sources of air emissions including absg
vents, the incinerator stack, the flare stack, storage tanks, trang
loading, deep well ponds, fugitive sources (valves, flanges, ete.)
criteria pollutants, 23 chemical substances are emitted from these
including compounds such as propylene, propane, acrylonitrile, acej
hydrogen cyanide, benzene, and toluene.

The major source of uncontrolled hydrocarbon and carbon monox
sions was found to be the absorber vent which emitted 87.3% and 99
tively, of the total hydrocarbon and CO emissions from the acrylon}
manufacture.

deep well pond.

plants.

Table II account for 95% control of carbon monoxide and hydrocarbo
which is being obtained at 3 plants representing 64% of total prod
capacity.

Phthalic Anhydride Manufacture

In the assessment of phthalic anhydride menufacture, MRC evall
production of phthalic anhydride form ortho-xylene (o-xylene) and
naphthalene. O-xylene is used as the feedstock at 7 plants repres
67% of total production capacity. WNaphthalene is used as the feed
3 plants representing 33% of total production capacity.
anhydride production capacity (excluding Puerto Rico) is 5.05 x 14
tons per year. Emission points within phthalic anhydride plants ]
main process vent, secondary incinerator, storage tanks, product f
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Emission inventory data were supplied by all manufacturing plgants and
verified by MRC through field sampling conducted at 2 of the € plapts.
Field sampling was performed on the absorber vent, incinerator stapk and
Results indicate fairly good agreement (about :50f) between
the fielding sampling data and emissions inventory data supplied by the
Table I presents the detailed uncontrolled emission factofs for
each emission point within acrylonitrile plants while Table II prefents the
emissions inventory for uncontrolled emissions from all plants. Dpta in
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bagger, product transport loading facility, ani fugitive emission sources.
Criteria and noncriteria pollutants include phthzlic anhydride, maleic
anhydride, benzolc acid, naphthoquinone, naphtr: ene, diphenyl oxide,
formaldehyde, and o-xylene.

&

The largest source of atmospheric emissicn: was found to be the main
process vent which emits over 99% of the carben ronoxide, 53% of the total
hydrocarbons, anc most of the chemical speciec.

Emissions irventory data were supplied by “lLe manufacturing plants and
verified by fielc¢ sampling dats available from c-hner sources. Table IIT
presents the detailed uncontrolled and controlled emission factors for
o-xylene-based ard naphthalene-based phthalic anhydride plants., Table IV
presents the emission inventory data for all ylants as a result of installing
emissions controls in the plants.

Carbon Black Manufacture

MRC evaluated the atmospheric emissions fror carbon black manufacturing
plants which use the o0il furnace process and the thermsl process. Thirty
carbon black plants have & combined production capacity of 1.88 x 106 metric
tons per year and typically operate at about 80% of capacity. Emission points
within carbon black plants include the main process vent, the dryer vent, the
pneumatic system vent, feedstock storage tanks, vacuum clean-up system vent,
and fugitive sources. Materials emitted from carbon black plants include the
criteria pollutants, two hazardous materials (beryllium and mercury), 14
chemical species, polycyclic organic materials, and trace metals. The major
source of uncontrolled emissions was found to be the main process vent.

Emission inventory data were supplied by 15 of the 30 plants. Battelle
and MRC performed separate field sampling programs and verified the validity
of the emission inventory survey data. Table V presents the detailed uncon-
trolled emission factors for each emission point in carbon black plants.
Table VI presents the 1978 emissions inventory for carbon black plants; it
accounts for the fact that 19 of the 30 plants have installed emission .
control devices obtaining a typical emissions control efficiency of 95% for
carbon monoxide and hydrocarbons.

Synthetic Ammonia Manufacture

MRC's evaluated the menufacture of synthetic ammonia of which 98% is

produced via the catalytic steam reforming of natural gas. There are 90

5 plants producing a total of 15.2 x 10% metric tons per year of ammonia. The
emission points within synthetic ammonis plants include the natural gas !
desulfurization tank, the primary reformer, the carbon dioxide regenerator,
and the condensate stripper. Materials emitted from synthetic ammonia plants
include the criteria pollutants, reduced sulfur compounds, ammonia, mono-
ethanolamine, and methanol.

Emission inventory data were supplied by plant personnel and by state
EPA officials. There was no source testing performed to confirm the validity
of the emissions inventory data. Table VII presents the emission factors for
. synthetic ammonia plants while Table VIII presents the estimated 1978 emiss—
lons inventory for synthetic ammonia production.
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Ammonium Nitrate Manufacture

Ammonium nitrate is produced ficm ammenia and nitric acid. There .re
6L plant sites with a total producticn capacity of 8.29 x 106 metric -ous
per year and they typically operate st 86% capacity. Ammonium nitrate .=
produced as a solution, as high density prills, and as low density pril.s.
Emission points within ammonium nitreste production include the neutralii:er
evaporator/concentrator, prill tower. cooler, predryer, dryer, cooler, ind
coating. Materials emitted include rarticulates (ammonium nitrate), amaoni
and nitrie acid fume. Emissions of ammonia and nitric acid are deternined

which material is present in excess in the neutralizer.

Emission inventory data were supplied by plant personnel. MRC did no
perform source testing to confirm the data. Table IX presents the varzic-
ulate emission factors for ammonium nitrate plants. The mass of particila
emissions from ammonium nitrate plants in 1978 is estimated to be 18,865 m
ric tons.
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TABLE II.

1978 EMISSIONS INVENTORY FOR ACRYLONITRILE MANUFAC D=

Material emitted

1978 Emission rate,
metric tons

Criteria pollutants:

Carbon monoxide
Nonmethane hydrocarbons
Nitrogen oxides (as NOz'
Sulfur oxides (as SOz)

Chemical substances:

Methane

Ethane

Ethylene
Propane
Propylene
Butene

Benzene

Toluene
Acrylonitrile
Acetonitrile
Hydrogen cyanide
Fumaronitrile
Pyridine
Propionaldehyde
Furan

Allyl aleohol
Ammonia

{

\

as CHy)

26,900
24,100
187

6

228
655
872
1,700
17,000
136
69

25
274
233
250

875
2
159
8

<1
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TABLE _II. 1978 EMISSION FACTOR FOR PHTEALIC ANHYDRIDE PLANTS, g/kg

O-xylene processd _ Naphthalene process?
Material emitted Uncontrolled Controlled Uncontrolled Controlied
—a e e .. “ncomtrolled  Controlled  Uncontrolled  Comtrolled
Particulate
Main process incinerator -g 0.25 *+ 50% -: 0.25 + TO%
Secondary incinerator - 0.125 + 50% - 0.125 + T0%
Flaker and bagger .10 0.001 0.10 0.001
Suifur oxides
Main process tncinerator 5.0 + 25% 5.0 * 25% -h _h
Nitrogen oxides
Main process incinerator -2 1.25 £ 50% —g 1.25 = T0%
Secondary incinerator - 0.125 + 25% - 0.125 + Lo%
Carbon monoxide
Main process incinerator 125.0 * 20% 0.125 + 50% 50.5 + 50% 0.05 * T0%
Secondary incinerator - 1.25 + 50% -c 1.25 + T0%
Maleic mnhydride
Main process incinerator 52.0 + 20% 1.82 » 25% 7.0 £ 200% 0.2k £ 200%
Secondary incinerator 3.75 ¢+ 83% 0.038 + 90% 4.9 + 80% 0.05 *+ 90%
Phthalic anhydride
Main process incinerator 15.6 + 20% 0.545 + 25% 20.4 + Lo% 0.71 * 50%
Secondary incinerator 10.6 * 53% 0.106 + 60% 9.8 + 70% 0.10 + 80%
Storage tanks 0.29 *+ 10% 0.003 * 20% 0.37 + 10% 0.00k + 20%
Flaker and bagger 0.10 0.001 0.10 0.001
Transport loading 0.45 5 10% 0.005 + 20% 0.b4s5 0.005
Fugitive emissions - -d -b -d

Benzoie acid

Main process incinerator 3.12 + 20% 0.109 * 25% 1.56 + 4o% 0.05 + 50%

Secondary incinerator 1.25 *+ 50% 0.0125 ¢ 55% -b -b
Diphenyl oxige®

Fugitive emissions 0.016 . 0.016 K
0O-Xylene

Storage tanks 0.20 £ 10% 0.002 + 20% - b
Formaldehyde

Main process incinerator E.Ef ().()'Mf 2.1‘r 0.0’{14f

Secondary incinerator - b -
Total hydrocsrbonsg

Main process incinerator 72.8 *+ 30% 2.6 = 308 1.8 + 79% 1.09 + 85%

Secondary incinerator 18.8 + 60% 0.16 + 60% 26.5 + 70% 0.27 ¢ 80%

Storage tanks 0.49 * 10% 0.005 * 20% 0.97 *+ 10% 0.01 + 20%

Flaker and bagger c.1 0.001 0.1 0.001

Transport loading 0.45 + 10% 0.005 + 20% 0.45 ¢+ 108 0.005 F 20%

Fugitive emissions 0.116 d 0.116 -
Naphthogquinone

Main process incinerator —: —: 0.69 * Lo% 0.02 + 50%

Secondary incinerator - - 6.6 + T0% 0.07 + B0%
Raphthelene

Storage tanks h h 0.60 ¢+ 10% 0.006 + 20%
Vanadium oxide catalyst

Catalyst storage -: -: 0.41 0.01

Fugitive emissions ~ - -b -d

amission factor is defined ms weight of emission per unit weight of phthalic
anhydride product.

o

Emission data not available,
No emissions generated in uncontrolled process.
Fugitive emissions are not controlled.

m o o

Heat-transfer fluid, assumed to be Dowtherm A.
fTotnl aldehydes reported as formeldehyde .
gIncludes all nonmethane organic species.

Not present in plant emissions.

179




=
=
ted

TARLE IV. 1978 EMISSIONS INE:TORY FOR PHTHALIC ANHYDRIDE MANUTA
metric tons/yr

0-Xylene Naphthalene

Material emitted process process Totall
Criteria pollutants
Particulate 130 63 193
Sulfur oxides (as S0z2) 1,700 -2 1,704
Nitrogen oxides (as NOz) L60 230 £9
Carbon monoxide L60o 220 8 i
Nonmethane hydrocarbons fas CHa) oko 18 95 =
Chemical Substances =
Maleic anhydride 630 L8 67 =
Phthalic anhydride 220 1ho 36 =
Benzoic acid Lo 8 L ;
Diphenyl oxide 5 a3 i =
0-Xylene 1 - 1 é
Formaldehyde 25 12 3 <
Naphthoquinone -g 15 1p =
Naphthalene -a 1 L =
2 2 =

Vanadium oxide catalyst -

RESGENT

a . . .
Not present in plant emissions.
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TABLE VI.

TABLE VII.

1978 EMISSIZi S INVENTORY FOR CARBON BLACK MANUF:.CTY

Marerial emitted

Criteria po lutants

Particulate
Sulfur ox:des {as S0a)
Nitrogen «xides (as NOz)

Nonmethane hydrocerbons (as CHi)

Carbon moroxide
Hazardous materiais

Beryllium
Mercury

Chemical substances

Hydrogen
Hydrogen :.ulfide
Carbon desulfide
Carbony! suifide
Carbon bleck
Methane
Acetylene

Ethane

Ethylene

Propane
Isobutane
&-butane

pomd

Trace meteals

1978 Emission rate,
metric tons

<470

250, 1s produced during the thermal oxidation of HaS,
C0S and CSz in the control devices employed at carbon

black plants.

bPOH = polycyclic organic material.

EMISSION FACTCRS FOR SYNTHETIC AMMONIA PRODUCTI

Emission point

Desulfurization tanka

Primary reformer
Burning natural gas

Burning fuel oil

Carbon dioxide regenerator

Condensate stripper

Emission
Emission species factor, g/kg
Total sulfur 0.0006%+¢
co 6.9
Hydrocarbons 3.6
NOx 2.7 ¢ 23%
S0x 0.002k
co 0.068
Particulates 0.072
Hydrocarbons 0.012
NOx 2.7
S0x 1.3
co 0.12
Particulates 0.45
Hydrocarbons 0.15
Ammonia 1.0
co 1.0
Carbon dioxide 1,220
Hydrocarbons 0.47
Monoethanolamine Q.05
Ammonia 1.1 ¢ L%
Carbon dioxide 3.4 t 60%
Methanol 0.6 + 2%

aIntex‘m.ttt:ent source of emissions; desulfurization tank is
regenerated on the average once every 30 days for a 10-hr

period.

bHorst case condition assuming all sulfur entering the tank
is emitted during regeneration.

cNom&lized to a 24-hr emission factor.
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TABLE-VIII. 1976 EMISSIONS INVENTORY FOR SYNTHETIC AMMONTA PRODUCTION

1975 Emission rate,

Material emitteq metric tons

Criteria vollutants

Carbon monoxide 121,000

Nonmethane hydrocarbons (as CHy) 62,000

Uitrogen oxides (as NO,) 41,000

Sulfur oxides (as 50, ) 20,000

Particulate 1,100
Chemiczl substances

Reduced sulfur compounds 1ko

Ammonia 15,000

Monoethanolamine 760

Methanol 3,100

TABLE IX. PARTICULATE EMISSION FACTORS FOR
AMMONIUM NITRATE PLANTS

Emission point

Emissi
factor
g/kg

on
a
3

Solutions and high density prills

Neutralizerb b
Evaporator/&oncentrator
Prill gower

Cooler

Low density prillse

Neutralizer
Evaporator/concentrator
Prill tower

Predryer

Dryer

Cooler

Coating

64
0.4
37
0.

1.64

7
1.37 ¢
5

0

0.045
0.088
0.496
0.015
0.009
0.016
3.0

B4

(10%

aEmission factors are for uncontrolled
operations except for predryer, dryer, and

cooler,

Parameters are based on an average neutralizer
capacity of 131,500 metrie tons/yr.

CPercent uncerteinty not reported since value
is determineg by theoretical calculations,

Parameters are based on average high density
prilling capacity of 95,000 metric tons/yr.

eParameters are based on average low density
prilling capacity of 62,700 metric tons/yr.
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