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PETROCHEMICAL AIR POLLUTION STUDY

INTRODUCTION TO SERIES

This document is one of a series prepared for the Environmental Protection
Agency (EPA) to assist it in determining those petrochemical processes for
which standards should be promulgated. A total of nine petrochemicals produced
by 12 distinctly different processes has been selected for this type of
in-depth study. These processes are considered to be ones which might warrant
standards as a result of their impact on air quality., Ten volumes, entitled
Engineering and Cost Study of Air Pollution Control for the Petrochemical
Industry (EPA-450/3-73-006a through j) have been prepared.

A combination of expert knowledge and an industry survey was used to
select these processes. The industry survey has been published separately
in a series of four volumes entitled Survey Reports on Atmospheric Emissions
from the Petrochemical Industry (EPA-450/3-73-005a, b, ¢ and d).

The ten volumes of this series report on carbon black, acrylonitrile,
ethylene dichloride, phthalic anhydride (two processes in a single volume),
formaldehyde (two processes in two volumes), ethylene oxide (two processes

in a single volume) high density polyethylene, polyvinyl chloride and vinyl
chloride monomer.
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SUMMARY

The phthalic anhydride industry has been studied to determine the extent
of air pollution resulting from the operations of the various plants and
processes of the industry. The purpose of the work was to provide the
Environmental Protection Agency with a portion of the basic data required
in order to reach a decision on the need to promulgate air emission standards
for the industry.

It was concluded, because of the advantages of both raw material cost
and process yield, that the newer ortho-xylene feed process will account for
all or nearly all of the future growth in the industry. However, the older
naphthalene feed process will continue to be operated by those producers who
already have an investment in the process and a ready supply of naphthalene.
Some plant conversions might occur but it is not likely because the ortho-
xylene process employs a fixed bed tubular reaction system and the naphthalene
process employs a coil-cooled fluid bed reaction system., For these reasons,
the body of this report is devoted to a study of the air emissions from the
ortho-xylene process while Appendix IV addresses itself to a brief review of
the naphthalene process emissions.

In general terms, the air emissions from both processes fall into the
categories of organic acids and anhydrides, hydrocarbons and carbon monoxide.
Many of the heavier organic materials are solid at ambient temperatures and,
therefore, have generally been classified as "particulates", In addition,
operators of ortho-xylene plants have reported sulfur oxide emissions (resulting
from the addition of sulfur to the feed as a catalyst activator) and nitrogen
oxide emissionss(resulting from waste incinerators). As practiced today, an
average emission factor for the ortho-xylene process is about 0.103 1lbs./lb.
of phthalic anhydride produced. This is equivalent to nearly 52 million
lbs./year. Of this total, about 85 percent is carbon monoxide, about 10
percent particulates (as defined above) and about five percent oxides of
sulfur. Less than one percent is emitted as nitrogen oxides and other
hydrocarbons. 1In addition, the naphthalene based processes emit about 33
million lbs./year (an emission factor of about .055 lbs./lb. of phthalic
anhydride produced) of which about 95 percent is carbon monoxide and most of
the balance ‘'particulates', Assuming that all of the naphthalene based plants
are still operating in 1985 and that all new capacity is in the form of ortho-
xylene based plants with average pollution control as practiced today, the
total emission will increase to nearly 220 million lbs./year of which 186
million lbs. will be due to the ortho-xylene plants. Of the total, nearly 190
million lbs. will be carbon monoxide. A further point which has not been
quantified but which was cited at the public review of an early draft of this
report is the trend for future ortho-xylene feeds to be of lower purity.

Any increase in meta- and/or para-xylene in the feed will lead to increases
in emissions beyond those cited above - mainly in the form of toluic acid and
carbon oxides.

Most of the ortho-xylene based plants that were covered by the survey
have some form of pollution control device on the process. These are either a
main process vent gas incinerator (some with heat recovery) or a main process
vent gas scrubber followed by a scrubber water incinerator. Some incineration
of fractionation wastes is also practiced. The reported efficiencies of these
devices were used in estimating the emission factors given above. Thus it can
be. seen that there is room for improvement in the design and operation of
pollution control devices for phthalic anhydride plants. The major problems
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SUMMARY (continued)

are (1) scrubbing with water does not remove carbon monoxide and (2) incineration
of organic particulates is very difficult.

It was concluded that either a scrubber or an incinerator on the main
process veat will do an approximately equally efficient job if coatrol of
organic particulates (such as phthalic anhydride, maleic anhydride and benzoic
acid) is the primary goal of emission reduction programs. However, if carbon
monoxide is also to be controlled, then an incinerator is the most feasible
demonstrated control device. In either case, incineration of fractionation
wastes is the most feasible demonstrated control technique. With a scrubber
this can best be accomplished in the water incinerator but with a main
vent incinerator, a separate fractionator incinerator is recommenced to minimize
control problems. Thus, if a water scrubber is used on all existing uncontrolled
o-xylene plants and on all future plants, 1985 emissions of particulates would
be reduced by about 10 million lbs. per year out of the estimated totals of 20
million lbs. per year for the industry and 18 million lbs. per year for the
o-xylene segment of the industry. No significant reduction in carbon monoxide
emissions would be achieved. On the other hand, the retro-fitting of scrubbers
on all uncontrolled existing o-~xylene plants and the installation of dual
incinerators (one on the main process vent and one on the fractionation waste)
on all future plants will achieve about the same 10 million pound per year
reduction in particulate emissions along with a 100 million pound per year
reduction in carbon monoxide emissions out of the estimated carbon monoxide
totals of 190 million lbs. for the industry and 157 million lbs. for the
o-xylene segment of the industry. Most of the residual 57 million lbs./year of
1985 carbon monoxide emissions from o-xylene plants is attributable to existing
plants with scrubbing systems. In summary, the estimated 1985 emission factors
would be reduced to about 0.098 lbs./lb. if main vent scrubbers followed by
combination water and fractionation waste incinerators are used while the
reduction would be to about 0.042 1bs./lb. with the dual incinerator system,

It should be noted that no analysis of most feasible emission control
schemes has been made on naphthalene based plants because use of the process
is not expected to expand, and the purpose of the study is to aid the EPA in
decision making relative to new stationary sources of air pollution. However,
in the course of surveying the naphthalene based plants it was determined that
the use of either a scrubbing system or an incineration system is widespread
in this segment of the industry, thus accounting for the relatively low (0.055
lbs./1lb.) emission factor and the predominance (95 percent) of carbon monoxide
in the make=-up of this factor.

The costs involved in installing the various pollution control devices on
new 130 MM 1bs./year ortho-xylene based plants have been estimated to be
similar, regardless of the system employed (1973 dollars). Thus, the use of a
scrubber on the main process vent followed by incineration of the scrubber
water and fractionation wastes in a combination unit has been estimated to
cost about $1,450,000 to install and about $420,000 per year to operate.
Incineration systems will have a net operating cost of about $450,000 per year
regardless of whether or not waste heat is recovered in the form of steam.
This is because the extra capital is almost exactly offset by the value of the
steam, The dual incinerator system with waste heat recovery would require
about $1,400,000 in capital as compared with a $1,000,000 investment if the
waste heat is not recovered. It has been estimated that nine new plants will
be built by 1985. Therefore, the capital required is of the order of $13 million
for the industry. This is about 13 percent of the total investment required
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SUMMARY (continued)

but is not considered a hardship because most existing plants are using

devices similar to those covered in the study. Thus, the difficult decision

is not whether or not controls should be installed, but whether or not incineration
should be the control technique so as to minimize CO emissions, If the steam

can be used, it is a relatively easy decision, but if not, an additional equivalent
of 3.9 billion SCF of natural gas per year will be required to incinerate off-
gases and achieve the estimated reductions in carbon monoxide emission. The
overall impact of this type of decision on the environment must be carefully
weighed.

In the course of the study, it was concluded that major areas for research
in the industry would be (1) the use of oxygen enriched feeds and off-gas
recycle, (2) improved catalyst and (3) fluid bed reactors. All of these efforts
could result in improved yields (i.e., less carbon monoxide waste) and/or
reduced volumes of total vent gas which could make incineration a more viable
control alternative. All of this research can best be carried out by today's
producers of phthalic anhydride.
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I. Introduction

Prior to 1945, all phthalic anhydride (PAN) was produced by oxidation of
naphthalene. During the last few years, o-xylene has become a major raw
material for making this chemical. At present, about 55% of the 0,9 billion
pound per,year U. S, phthalic anhydride production is obtained by oxidizing
o~-xylene, K Since o-xylene represents a cheaper raw material and on a weight
basis yields somewhat more product (about 1.0 1lb. PAN/1b. xylene versus 0.97
1b. PAN/1b. naphthalene), it is anticipated that all future plants will be
designed to use xylene feed.

Total U. S. annual phthalic anhydride production is estimated to increase
to 2.2 billion pounds by 1985. Currently over 90 percent of U. S. phthalic
anhydride is used for plastics, paints and synthetic resins.l Approximately
50% of the PAN produced is uged to make phthalate plasticizers.

A variety of processes are licensed for PAN production. Presently in the
U. S. all phthalic anhydride is produced by vapor phase oxidation of xylene
and naphthalene. The primary naphthalene processes use rluidized bed converters
whereas all xylene based plants incorporate tubular fixed bed reactors. Except
for the reactors and catalyst handling and recovery facilities required for the
fluid units, these vapor phase processes are similar.

The major atmospheric emission generated in PAN manufacture is the non-
condensibles contained in the reactor effluent. 1In addition to excess air
provided for the reaction, the reject stream contains carbon oxides plus a
small amount of phthalic anhydride, maleic anhydride and organic acids., 1In
most plants this stream is sent to a scrubber 6f incinerator before being
vented to the atmosphere.

The following report deals with the production of phthalic anhydride from
o-xylene, Appendix IVpresents data for PAN derived from naphthalene.
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II. Process Description and Typical Material Balance

The basic chemical equation for this air oxidation process is as follows:

9
CHy .C
CHy + 3 0y ety C + 3 Hy0
o]
Phthalic
O-xylene Oxygen Anhydride (PAN) Vater
Principal side reactions include:
@’Cﬂa
‘CH3 + 10% 02 > 8 COZ + 5 H20
Carbon
O-xylene Oxygen Dioxide Water
0
.CHq HE’C\O
‘CHy + 7% 0y > C 7/ + 4 CO, + 4 HyO
AN
H C
0
Maleic Carbon
O-xylene Oxygen Anhydride (MAN) Dioxide VWater

Filtered air is compressed to 10-14 PSIG and passed through a preheater.
Liquid ortho~xylene (normally 95 - 96 wt. % purity) is vaporized and mixed
with the preheated air before entering fixed bed tubular reactors. These
reactors contain vanadium pentoxide catalyst and are operated at 550 - 725° F.
A small amount of sulfur dioxide is added to the reactor feed in order to
maintain catalyst activity. A molten salt bath is circulated around the
reactor tubes in order to remove heat produced in the exothermic reaction.
This heat is transferred to a steam generation SYStemi]

The reactor effluent contains the above specified reaction products plus
nitrogen, excess oxygen and small amounts of CO, benzoic acid and S0,. This
effluent is used to generate low pressure steam in a waste heat boiler and then
passes to a separation system where phthalic anhydride is cooled and condensed
as solid crystals in a series of parallel switch condensers. The condenser
effluent gases are normally water. scrubbed and/or sent to an incinerator before
being released to the atmosphere.

The individual switch condensers are alternately cooled and heated by
separate heat transfer oil streams in an automatically controlled time cycle,2
Crude phthalic anhydride is recovered by melting it from the condenser tube
fins during the hot oil circulation periodJ

(ihe raw liquid phthalic anhydride is heated and sent to a pretreatment
section which consists of one or two heated vessels. 1In this equipment dis-
solved phthalic acid is dehydrated to the anhydride, and the associated water,

maleic anhydridg and benzoic acid are partially evaporated. The pretreated
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liquid stream is then sent to & vacuum distillation section wvhere pure phthalic
anhydride (99.8 wt. % purity) is obtained as a distillate which can be stored
either in the molten state or processed further by solidifying to flakes in a
flaker and bagged for shipment,

Figure PA-1 shows a flow diagram for a typical plant and indicates the
various vent streams from this unit.

Commercial grade o-xylene (about 95 - 96 wt. % purity) is used as
feedstock. Feed impurities, which primarily consist of M + P-xylene, are
converted to carbon oxides in the reactors. By modifying the reactor
catalyst it would be possible to supplement or replace the o-xylene with
naphthalene feed. No other alternate feed materials are available.

Table PA-1 presents a typical material balance for an average size
plant producing 130 million pounds per year of phthalic anhydride from ortho-
xylene. Table PA-1lA presents the same balance with quantities expressed as
tons per ton of PAN. Vent gas composition and hydrocarbon losses shown in
these balances were derived by averaging survey data from various U. S,
commercial plants. Xylene feed quantity was calculated by carbon balance.
This figure agrees within 1 or 27 with both published 3 and plant survey
data on feedstock requirements, The material balance shows 0.98 pounds of
PAN product per pound of xylene feed.(8) This corresponds to 73.4% of the
maximum theoretical yield.

Table PA-2 presents an estimated heat balance around the process
reactor system.

(a) Current technology has improved yield to about 1.0 1lbs./lb. of xylene feed.
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TABLE PA-2

PHTHALIC ANHYDRIDE REACTOR SYSTEM

HEAT BALANCE#*

HEAT OUT

Steam Generation
Reactor Internal Cooling

Effluent Heat Recovery Boiler (From Reactor)

Reactor Heat Losses
Effluent Condenser
Incremental Effluent Heat Content**

HEAT IN

Exothermic Heat of Reaction
Feed Vaporization and Preheat

*Basis

1) Table PA-lA material balance.
2) TFeed preheated to 300° F.
3) Reactor outlet temperature 680° F.

Total

Total

BTU/LB. OF PAN

3,945
2,220
20
2,685
410
9,280

7,345
1,935
9,280

**Difference in heat content of effluent @ 150° F and feed xylene @ 80° F

(liquid) plus air @ 100° F.

~
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III. Manufacturing Plants and Emissions

Table PA-3 presents a list of U. S. plants producing phthalic anhydride.
This table also shows published #:3 capacity figures and type of feedstock
employed in these units. Approximately 40% of the PAN produced from o-xylene
is manufactured in Illinois and the remaining xylene derived production is
in New Jersey, Texas, Louisiana and California. Several of the plants are
located close to major metropolitan areas. One large unit is in Chicago,
Illinois and another is five miles west of New York City. The other
installations are within five miles of towns and cities with population
ranging between 1000 and 165,000.

Table PA-4 shows individual plant capacity figures and emission data
for most of the major U, S. plants producing PAN from o-xylene. Emissions
from these plants are as follows:

A. Continuous Air Emissions
1. Main Process Vent Gas

This primary air emission stream consists of the gross reactor
effluent after cooling and recovery of crude phthalic anhydride.
Normally the stream is sent to a water scrubber and/or an inein-
erator for removal of hydrocarbons and other pollutants before
atmospheric venting. The process vent gas emissions presented in
Table PA-4 are downstream of pollution control devices and
represent average values, with the actual composition depending
on catalyst activity and reactor operating conditions. Table
PA-5 shows a typical breakdown of components in the vent stream
before entering emission control facilities. Under normal
operating conditions the quantity of hydrocarbon emissions in this
stream are primarily influenced by the amount of air charged to
the reactors. Table PA-5 indicates that the air rate employed in
the various plants and the average overall stream composition does
not vary over a wide range.

Plants incorporate multiple parallel reactors and some of the
larger units have complete parallel trains of equipment in the main
processing areas. Therefore, at reduced plant production it should
be possible to shut down part of this equipment and reduce vent gas
emissions accordingly.

None of the surveyed plants report any odor complaints concerning
the main process vent gas or other vent streams. Plant 53-5 is the
only facility that reported process vent gas odors (PAN & MAN)
passing beyond battery limits and this is the only surveyed unit
that does not have a pollution control device on this vent stream.

A published article 6 indicates nuisance odors and lachrymatory
emissions can exist under certain weather conditions. This reference
shows the following odor threstold and eye irritation concentrations
for known organics in the off-gases from PAN manufacture:

Odor Threshold Eye Irritation
. Component PPM* PPM*
Maleic Anhydride 0.3 0.23
Formaldehyde £1 -1.0 2 -3
Phthalic Anhydride 4

*By volume.
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Table PA-4 Footnotes Sheet 4 of 4

(a) Based on average production rate if available, otherwise based on design
capacity.

{(b) Not recovered, burned in on-site incinerator.

(c) Estimated based on approximate ﬁaterial balance.

(d) Primarily MgCO3 & CaCO3 from water supply.

(e) Normally vapor but can be present as particulate at low temperature.

(f) Emission rate 0.00014 T/T PAN during tank filling operations (47 times
per year).

(g) Stream sampled ten times but never during emergency.

(h) Excludes SO2 produced from supplemental fuel. Maximum additional SO
from the source is 0.0028 T/T. 1In 1973 SOy from this source will drop
to 0.0002 T/T.

(j) Stream not analyzed for CO content.

(k) Excludes CO contained in scrubber vent.

(1) 1Includes 0.0007 T/T of sulfur dioxide resulting from sulfur contained
in fuel.

(m) Includes PAN, MAN and organic acids.
(n) Function of catalyst age and incinerator fuel sulfur content.

(o) Temperature set at -1200° F for light end feed and 1600° F for intermittent
feed of distillation reject liquid.

It should be noted that flow rates and compositions shown for intermittent
streams represent emissions during flowing condition and not yearly averaged

values. The total plant emissions figures shown are averaged emissions for
extended periods of operation.
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TABLE PA-5

TYPICAL PROCESS VENT GAS COMPOSITION (&)

FOR

130 MM 1B./YR. PHTHALIC ANHYDRIDE PRODUCTION

Component

Sulfur Dioxide
Carbon Monoxide
Carbon Dioxide
Nitrogen

Oxygen

Phthalic Anhydride
Maleic Anhydride
Benzoic Acid

Misc. Hydrocarbons
Water

(a) Up-stream of any pollution control device.
(b) Complete breakdown of organic material not available.
hydrocarbon composition shown is based on data provided by plants

53-3 and 53-4. indicates some aldehydes (10 -

Published data (6)
100 PPM by volume) will also be present.

FROM ORTHO XYLENE

Normal Range in Average
Composition, Mol %

.012
0.5
1.8
79
16.9

- 0.065 (P

5.5

Average Flow Rate

MPH LB. /HR,
1.2 75 (©)

86.1 2,411

189.2 8,326

14,563.0 407,760

3,185.6 101,940

2.5 368

7.1 694

0.4 45

849.9 15,333

18,885.0 536,952

Typical

(c¢) Represent fresh catalyst value, aged catalyst value could be

150-200 PPH.
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2. Pretreatment and Product Fractionation Vents

The heat pretreatment and distillation of crude PAN is performed
under vacuum. These operations evolve dissolved non-condensibles
and some light ends which are emitted in the vacuum jet ejector
exhaust stream. In the surveyed plants, this reject stream is
handled as follows:

53-1 - A steam jet ejector with after condenser is used to
generate vacuum, Effluent water is sent to main process
vent scrubbers, which results in most of the contained
hydrocarbons being burned in the downstream waste water
thermal incinerator.

53-2 - Effluent believed to be sent to incinerator.
53-3 = Steam vacuum jets are employed with exhaust gases completely

condensed in a hotwell, Resulting waste water is sent to
sewver.

53=4 - Exhaust steam from ejectors is sent to waste product

thermal incinerator.
53~5 - Exhaust steam vented to atmosphere.
3. Waste Product Incineration

In all but one surveyed plant (53-5), impurities removed in
product distillation facilities are either sent to the main process
vent incinerator (53-1 and 53-2) or a separate incinerator for waste
products (53-3 and 53-4).

4. TFeedstock Storage Vgnt

Xylene feed is stored at ambient temperature in fixed roof
storage tanks with atmospheric vents. Because of low vapor pressure
(0.25-0.35 PSI) hydrocarbon emissions from this source are small
(0.0001 T/T of PAN).

5. Product Storage Vent

Crude and pure phthalic anhydride is stored at 300° F and
atmospheric pressure in order to be kept molten. The tanks are
normally blanketed with dry nitrogen (53-1, 53-3 and 53-4) to
prevent the entry of oxygen (fire) or water vapor (hydrolysis to
phthalic acid). Consequently, there is a continuous gaseous
effluent. Disposal methods employed for product storage losses
are as follows:

53-1 - Vent stream is permitted to cool for knock-out of solid
PAN prior to atmospheric venting.

53-2 - Vents from all three product storage tanks are collected
by an ejector and burned in main process vent gas

incinerator.

53-3 = The three product storage tanks vent to atmosphere.
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53=4 = Crude phthalic anhydride storage tanks (two) are vented
to waste product incinerator and the four PAN product
storage tanks vent to the atmosphere.

53=5 = The two tanks involved have atmospheric vents.
6. Flaker and Bagging Exhaust

In most plants PAN product is stored and transported as a
liquid. Occasionally (plant 53-5) the product is shipped as a
flaked solid. Air emissions of PAN from the flaker and bagging
operations are small (about 0.0001 T/T).

7. Heat Transfer Fluid

A small amount of hydrocarbon emissions (0.00002 T/T of PAN)
result from vents on surge tanks in the switch condenser heat
transfer oil circuit.

Intermittent Air Emissions
1. Process Vent Gas

At least one plant (53-3) provides for emergency venting of
the process vent gas incinerator feed. If emergency occurs, entire
feed stream is vented until air compressor can be shut down (about
two minutes), Thereafter, flow essentially stops. However, some
hydrocarbon emissions continue for several hours until all switch
condensers can be melted and dumped. Venting occurs about once a
year,

2, Start-Up Vent

Plant 53-4 provides for direct atmospheric venting of reactor
effluent during plant start-up. These vents are used approximately
once per year during heat up of the reactors. Emission consists of
hot air and natural gas combustion products.

3. Product Shipping Losses

Most product phthalic anhydride is shipped by tank truck. Batch
emissions of PAN result from uncontrolled vapor losses during tank
truck loading. These losses are estimated to be 1/4 to 3/8 1lbs./min.
with average yearly loss equal of 0.0001 T/T of PAN product., A fume
scurbber is used by 53-4 to reduce emissions.

Liquid Wastes

Most liquid waste streams are sent to on-site incinerators as
previously indicated. The following waste water streams are sent
off-site:

53=1 - Cooling tower blowdown (0.47 T/T of PAN).

53-3 - Distillation vacuum jet condensate equal to approximately
1.2 tons/ton of PAN. In original plant design, the
stream was to be sent to the process vent gas incinerator.
However, incinerator operating problems have prevented the
burning of this material and it is now sent to sewer.
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53-4 - Steam boiler blowdown (0.52 T/T of PAN).
53-5 - A total of 4.8 T/T of PAN,
Solid Wastes

These materials consist primarily of residue and heavy ends
removed during product pretreatment and distillation. Specific
solid wastes sent off-site for disposal by the various surveyed
plants are as follows:

53-3 = Light and heavy ends (0.02 T/T of PAN) rejected in
product distillation are sent off-site.

53-5 - Approximately 0.004 tons of pretreater residue and 0,002
tons of distillation bottoms per ton of PAN product.

Fugitive Emissions

All plants surveyed report that fugitive emissions such as
those resulting from minor leaks and periodic equipment decontamination
for maintenance are small. One plant (53-1) estimates these losses
to be less than 0.001 T/T of PAN. Whereas plant 53-4 estimates total
loss is less than 0.0001 T/T of PAN, The other producers indicate
the loss is negligible.

St
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IV. Emission Control Devices and Systems

A. Main Process Vent Gas Stream
1. Devices Currently Employed

All but one of the surveyed plants provide an emission control
device on this stream. These devices include:

(a) Scrubber plus Thermal Incineration

Plants 53-1 and 53-2 incorporate a water scrubber on the
process vent gas and incinerate reject waste water from the
scrubbing system,

In plant 53-1 a proprietary co-current scrubber with a
5000 GPM circulation rate is employed for cleaning about 120,000
SCFM of off-gases. Make-up water (unknown rate) is sprayed into
the scrubber system up-stream of one of two demisters on the
scrubber off-gases. This arrangement results in minimizing the
amount of entrained water and at the same time minimizing the
quantity of polluted water that is included in the total
entrainment. The off-gases from the demisters go to the stack
at about 110 - 120° F, Effluent from steam jet ejectors in
the product pretreatment and distillation areas is also fed to
the scrubber system.

An oil fired thermal incinerator is used to incinerate about
6,000 1lbs,/hr. of solution bled from the scrubber recirculation stream
and the light and heavy ends from the product purification columns.
The incinerator operates at about 1700° F and reportedly achieves
efficient combustion. Because of the closed nature of the
system with respect to water, all hardness of the make-up water
leaves the plant as air emissions. This particular incinerator
is also used to incinerate waste products from & plasticizer
plant which is not part of this study.

In plant 53-2 a similar total quantity of process vent gas is
processed in two parallel water scrubbers. Each scrubber consists
of a venturi contactor (600 GPM water rate) followed by a packed
column counter-current scrubber and mist eliminator with a 2000
GPM water circulation rate.

A single gas fired thermal incinerator is used to burn waste
water from both scrubbers and other waste streams from PAN
distillation and storage facilities. '

Unfortunately neither plant provided information regarding
the scrubber feed composition. Therefore, it is difficult to
make an accurate determination of control efficiency. Based
upon Table PA-1. typical material balance and vent gas emissions
shown by plants 53-1 and 53-2, it is possible to make a material
balance for this type of system. From the balance , which is
shown in Table PA-6, it appears that the overall system is very
efficient in reducing hydrocarbon emissions (967 removal) but_does
not curtail other emissions such as CO and S0y, Published data
on vent gas scrubbing indicates aldehyde components are difficult
to absorb.® Testing of & water scrubber which removed 997 of
organic acids showed poor removal of aldehydes with concentrations
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in the effluent varying between 8 and 26 PPM as formaldehyde.

Operating problems associated with this type of pollution
control system include:

(1) Maleic acid is formed in the scrubber. This material
is very corrosive on concrete.

(2) Excessive emissions can occur from the scrubber in the
event there is a recirculating water pump failure,

(3) Failure of switch valves in the reactor effluent
condenser area can overload scrubber resulting in
increased PAN emissions.

(b) Thermal Incineration

Plant 53-3 sends the process vent gas to a thermal incinerator
which was originally also to burn waste water and hydrocarbons
rejected in the PAN purification section. The unit was designed
to operate at 1400° F with a 97% combustion of organics. However,
operating problems have prevented the processing of the auxiliary
streams. In order to get on-stream reliability, it has also been
necessary to cut back operating temperature to 1200° F. Under
these conditions it is believed that only about 90% organic
combustion is obtained. Published data for a small thermal
incinerator processing phthalic anhydride unit vent gas (naphthalene
feedstock) at 1200° F obtained 95% combustion and 97% odor
reduction efficiency.’ -

As originally designed,plant 53-3 incorporated an extensive
amount of incinerator feed-effluent heat exchange in order to
reduce supplemental fuel requirements (effluent is presently
vented at 500° F). With excessive preheat it is possible that

the feed gas could approach the auto-ignition temperature of
phthalic anhydride.

Table PA-7 presents a material balance for a process vent gas
thermal incinerator with feed-effluent heat exchange. Heat
recovery has been limited to 55% in order to prevent pre-ignition
of feed components. 1In order to have essentially complete
combustion of pollutants,the incinerator data are based on a
14000 F combustion zone temperature. In addition to the concern
regarding feed pre-ignition, the following potential problems
exist with vent gas incineration:

(1) Vent gas is available at low pressure.

(2) 1Investment for required blowers, burning equipment and
control systems is high.

(3) Dislodged slugs of condensed PAN could lead to excessive
temperature or explosion,

(4) Because of negligible heating value of the large vent
stream (2-3 BTU/Ft.3), substantial amounts of fuel are
required in order to achieve complete combustion.
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TABLE PA-7
THERMAL INCINERATOR
FOR

130 MM LB./YR. PHTHALIC ANHYDRIDE PLANT

Component

Particulates
Nitrogen Oxides
Sulfur Oxides
Carbon Monoxide
Carbon Dioxide
Nitrogen

Oxygen

Methane

Ethane

Phthalic Anhydride (a)
Maleic Anhydride (&)
Benzoic Acid (a)
Water

Total Lbs./Hr.
SCFM

MAIN PROCESS VENT STREAM

OVERALL MATERIAL BALANCE - 1B, /HR.

Process Natural
Vent Gas Gas

75
2,411
8,326
407,760 240
101,940
2,343
517
368
694
45
15,333
536,952 3,100
119,300

(a) Particulate at low temperature.

(b) Value depends on

sulfur content of fuel.
(c) CO emission level depends on

catalyst age and
Stack Gas
! 7000 F

- Furnace operating temperature.

150° F

Natural Gas

4
Process Vent Gas._.____ . /|

I 9000 F.
o 16000F
|
;

Stack

Gas

4

10

75

121
21,986
407,997
88,049

18
35
2

21,755

540,052
120,200

(b)
(c)
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(¢) Thermal Incineration with Steam Generation

In plant 53-4, two parallel thermal incinerators with waste
heat boilers are used to burn process off-gas. These units were
designed to run at 1400° F. During a test run on one furnace at
design conditions, 97 percent destruction of organics was
measured.

Feed gas to the incinerator is not preheated. This permits
maximum steam generation but substantially increases the fuel
requirement, Since most of the required heat is supplied by
supplemental fuel it is relatively easy to sustain combustion.
The only flame-outs that plant 53=4 has experienced have been
caused by instrument malfunction or power failure,

Except for pre-ignition and particulate carryover, potential
problems listed in Section (b) also apply for the incinerator
with steam generation.

Table PA=-8 shows a material balance for this type of unit.
Commercial application of this type of control device has been
published in the literature.l0

Other Control Devices
(a) Catalytic Incineration

A catalytic incinerator could reduce emissions to similar
levels obtained with a thermal unit, The catalytic facility
would operate at lower temperature (800-1000° F) and, therefore,
would consume less supplemental fuel. Catalytic units are used
in some phthalic anhydride plants (naphthalene feed). Even
though fuel savings may make a catalytic unit attractive, the
application of this type of incinerator is not recommended for
the following reasons:

(1) Only moderate catalyst life with possible danger of
catalyst fouling and poisoning.

(2) Limited oxidation activity. Euperience with catalytic
units has not always equalled performance of the direct
flame incinerators. Reported catalytic combustion
efficiencies have been as low as 40-60 percent.6

(b) Flare Systems

(1) Substantial amount of supplemental fuel is required
( 200 MM BTU/Hr.). '

(2) Efficiency for removing contaminants is less than for
other combustion devices.

(3) Improper firing of the burner could result in operating
temperatures which favor NOx formation.

(c) Boiler House
Process vent stream could possibly be used as a supplemental

air and fuel source in the plant steam boiler house. This would
be feasible if the phthalic anhydride vent is equivalent to a
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TABLE PA-8
THERMAL INCINERATOR PLUS WASTE HEAT BOILER
FOR
130 MM LB./YR, PHTHALIC ANHYDRIDE PLANT
MAIN PROCESS VENT STREAM

OVERALL MATERTAL BALANCE - 1B./HR.

Process Natural Stack
Component Vent Gas Gas Gas
Particulates 4
Nitrogen Oxides 20
Sulfur Oxides 75 75 (P)
Carbon Monoxide 2,411 121 (©)
Carbon Dioxide 8,326 36,630
Nitrogen : 407,760 683 408,437
Oxygen 101,940 67,237
Methane 6,661
Ethane 1,471
Phthalic Anhydride (2) 368 18
Maleic Anhydride (8) 694 35
Benzoic Acid (&) 45 2
Water 15,333 33,188
Total Lbs./Hr. 536,952 8,815 545 767
SCFM 119,300 122,350

(a) Particulate at low temperature.
(b) Value depends on catalyst age and sulfur

content of fuel, Stack Gas
(c) CO emission level depends on furnace 15500 F

operating temperature !
r____l__ —

— :;
- :
Blowdown 460° F | { e :
5850 1bs. /hr. 1 \\v/\\\ ‘ ‘
-—— | =
s R —t
: > | :
Natural Gas. .. =~ o < W ;
L > < i ;
T e L - H
. 1400° F = o
< T <
Process Vent Gas o = s «éz :
1509 F ] H e ! :
* - — - - R - T. v
!
{

Boiler Feed Water

“——...116,850 1bs./hr., 240° F
(d) After deleting steam

requirement for deaeration ; Steam @ 450 PSIG, 7500 F

and water punp drives. 111,000 1bs./hr. total
97,000 1lbs./hr. net @
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small portion of the total boiler house requirement,
Waste Product Streams

Several of the surveyed plants (53=1 and 53-2) apparently send
all of their waste products to the process vent gas control device.
Plant 53=3 and 53=5 presently send these products off-site for
disposal, Plant 53-4 is the only surveyed facility which has a
separate control device for these wastes, In plant 53-4 ejector
exhaust and reject hydrocarbons from product fractionation are sent
to a thermal incinerator and burned at 1200° to 1600° F. A small
amount of supplemental fuel is required to maintain combustion zone
temperature. Survey data from this unit show that more than 99 percent
of the combustibles are burned. In addition to small amounts of
organic acids, CO and nitrogen oxides, the incinerator stack gas
contains some unidentified particulates (0.0001 T/T of PAN).

Table PA-9 presents a material balance for incinerating the
waste streams shown in Table PA-1.

Product Storage Vent

Most plants surveyed either directly vent the storage tanks
to the atmosphere (53-3 and 53=5) or send portions of this material
to incinerators previously described (53«2 and 53-4).

In plant 53-1, the vent stream passes through an uninsulated
sublimation box with a 180° return flow baffle. Flow path cross
sectional area within the box is larger than in outlet piping.
Vaporized phthalic anhydride is condensed and collected in the
sublimation box and non-condensibles are vented to the atmosphere
(110 ¥). Phthalic anhydride is periodically removed manually
and recycled to the process. Plant 53=1 contains eight PAN storage
tanks and each tank has one of these devices. Total amount of
phthalic anhydride removed from all boxes is about 0.0002 T/T.

Best Pollution Control System

The most feasible method of reducing air emissions from either
existing or new plants would be to provide either a scrubber on the
main process vent plus an incinerator for burning scrubber reject
water and waste products removed in product fractionation section or
a dual incineration system with separate incinerators for vent gas
and fractionation wastes. The vent gas unit should have heat recovery
if the steam can be utilized. These represent proven systems for
reducing hydrocarbon and particulate emissions. If it is only
necessary to minimize CO emissions, low temperature catalytic
incinerators could be considered. The small vent from product
storage facilities should either go to one of the incinerators or
be cooled for knock out of PAN,

Industry Research Efforts

Current industry effort in air pollution control centers
around development of a catalyst that does not require sulfur
dioxide addition for surface activation. Methods of isolation

and recovery of maleic anhydride from the vent gas stream are
also being studied.
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TABLE PA-9
THERMAL INCINERATOR

FOR

130 MM LB, /YR. PHTHALIC ANHYDRIDE PLANT

WASTE PRODUCT STREAM

OVERALL MATERIAL BALANCE - LB, /HR.

Pretreatment Distillation Natural Combustion Stack
Component Light Ends Reject Gas Air Gas
Particulates 2
Nitrogen Oxides 2
Carbon Monoxide 40
Carbon Dioxide 2,262
Nitrogen 101 16 10,257 10,373
Oxygen : 3,103 1,275
Methane 151
Ethane 33
Phthalic Anhydride (8) 70 101
Maleic Anhydride (&) 32 544
Organic Acids (8) 69 5
Heavy Ends 75
Water 4,800 . - 145 5,538
Total Lbs./Hr. 5,003 789 200 13,505 19,497 (¢)
SCFM 4,900

(a) Particulate at low temperature.

(b) 1200° F for pretreatment light
ends and 1600° F for intermittent
feed of distillation reject

liquid.,

(c) SO0 content depends on sulfur

content of fuel.

Pretreatment

Light Ends e

400° ¥

Distillation
Reject (2700 F)

tack Gas

14000 F

1

|

/ \

(b)
1400° F

\\

-t————— Combustion
Air (80° F)

———71' -~ Natural Gas



PA-26

V. National Emission Inventory

Based upon the emission factors shown in Table PA-4, total approximate
emissions from U. S. manufacture of PAN from o-xylene are as follows:

Average Emissions (@) Total Emissions (P)

Component T/T of PAN MM Lbs./Year
Hydrocarbons 0.0001 (c) 0.1 (©)
Particulates (e) 0.0103 (d) 5.1 (d)
NO, 0.0006 0.3
S0, (f) 0.0051 2.6
co 0.0872 43,6

0.1033 51.7

It is estimated that about 107 of the PAN produced from xylene is in
units without emission control facilities. If control devices were added to
these units,total national emissions would be slightly reduced, see Table PA-15
in Section XII,

It should be noted that PAN production is rather constant throughout the
year. As a result there is no seasonal variation in emissions.

(a) Weighted average based on individual surveyed plant emission factors and
PAN production.

(b) Based on 250,000 tons/year PAN production from o-xylene.

(c) Represents xylene lost from feed storage. 4

(d) Includes 0.0001 T/T of PAN emitted from product storage tanks (assumes 50%
of product storage vents directly to atmosphere).

(e) Includes PAN, MAN and organic acids.

(f) SO0x level based on relatively fresh catalyst.
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VI. Ground Level Air Quality Determination

Table PA-4 presents & summary of air emissions data for the various
phthalic anhydride (from o-xylene) plants surveyed, This table includes
emissions from the main process and product fractionation vent streams.

This summary table also includes operating conditions and physical dimensions
of the various vent stacks. The EPA will use this information to calculate
ground level emissions concentration for future reporting.
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VII. Cost Effectiveness of Controls

Table PA-10 presents a cost analysis for alternative methods of reducing
air emissions from the various vents. Economic data presented are for a
new plant producing 130 MM lbs./year of PAN and are based on the following
(in 1973 dollars):

A, Investment

Investment costs were derived from cost data provided in plant
surveys plus published data 8 and vendor quotes for similar equipment.
Installation costs were primarily obtained from the plant survey data.

B. Operating Expense
1. Depreciation - 10 year straight line.
2. Interest - 67 on total capital.

3. Maintenance - costs were primarily based on survey data.
Corrosive properties of vent streams tend to increase required
maintenance.

4. Labor - plant survey data.

3. Utilities = unit costs are based con current (1973) typical
values for the Gulf Coast area. After existing contracts
expire, it is possible that fuel gas cost will rise considerably
above figure used in this study.

All of the vent gas emission control devices will increase system pressure
drop (10-14 in. H70). Blower investment and operating costs for providing
this AP are included in the cost analyses.

Because of the large volume of vent gas to be processed, it has been
assumed that parallel equipment would be employed. This provides for more
operating flexibility and follows the practice normally applied in existing
plants,

Table PA-10 shows, for the main process vent gas, that there is not much
economic difference between the various emission control methods studied.
However, it has been assumed that with a water scrubber=incinerator system,
all fractionator waste products can be charged to the waste water incinerator.
In installations without a water scrubber, it has been assumed that a separate
liquid waste product incinerator will be required so as to minimize control
problems. Therefore, the combined operating cost of the water scrubber=~
incinerator system is the lowest, while the direct incineration system requires
the lowest capital and the incineration system with a waste heat boiler results
in the best heat utilization (providing that the steam can be utilized). The
scrubber system has the highest carbon monoxide emissions but is approximately
equivalent in the rate of emissions of other materials.

Because of the low heating value of the process vent gas (2=3 BTU/SCF) ,

varlations in stream composition have limited effect on incinerator operation
and economics.
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It is estimated that cost for installing the various pollution control
equipment in existing plants would be about the same or only slightly
higher than for new plant installations shown in Table PA-10. The actual

cost difference would depend on space availability and location in relation
to associated process equipment.
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VIII. Source Testing

It is recommended that source sampling should be performed on plant
53-4 off-gas incinerator feed and effluent streams. The testing of this
unit has one short-coming in that it is overdesigned, in order to handle a
possible future 50 percent increase in plant capacity. The plant has four
parallel reactor trains which feed two parallel incinerators. There is
cross~over piping up=stream of the incinerators. For short periods of time,
the plant can shut down one reactor train and one incinerator and thus
simulate 100 percent operation.

In order to determine emissions from plants that incorporate waste
gas scrubbing followed by incineration, it is recommended that additional
source sampling should be performed at plant 53-1. Scrubber feed plus stack
gases from the scrubber and incinerator should be analyzed., Two of the
surveyed plants have this type of emission control system. However, plant
53-1 is the only one which has analyzed the vent streams.,
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IX. Industry Growth Projection

The U, S. annual phthalic anhydride production is estimated to increase
to 2.2 billion pounds by 1985, see Figure PA~2. This represents a 1.3
billion pound per year increase over the 1972 production level (7% increase
per year). It is projected that most if not all of this increase will be
by catalytic oxidation of o-xylene. Plant investment is 15-20% lower for a
plant designed to use naphthalene feed (fluid bed reactors). Hovever,
higher priced feedstock and lower feed utilization (wt. basis) normally
makes the naphthalene process less economical. 1In 1970 approximately 30% of
the U. S. production of PAN was from o-xylene.9 Presently about 55% is
derived from xylene. In the future it is Tikely that some of the smaller
naphthalene based facilities will be shut down, but it is also believed that
many manufacturers who have a captive naphthalene supply will continue to
use this feed source. Some of the newer units are capable of processing
either feed.

At present, there is a substantial excess in plant capacity. However.
to produce 2.2 billion pounds of PAN per year, it will be necessary to build
approximately 9 new plants between 1972 and 1985. This is based on an average
plant capacity of 130 million pounds per year of PAN., It is assumed that all
of these units will use o-xylene feed.

Phthalate plasticizers are the largest outlet for phthalic anhydride.
These plasticizers, which are made by the esterification of PAN, are inexpensive
in relation to their performance characteristics, have low volatility and are
very compatible with resin material., Non-rigid polyvinyl chloride and its
copolymers are the main consumers of these phthalates. Approximately 50% of
the PAN produced is used to make phthalate plasticizers. It is anticipated
that PAN consumption for this manufacture will increase at the rate of 8-107%
per year for the next few years.9

The manufacture of alkyd resins (surface-coating resins) consumes about
25% of the total domestic PAN production, There is expected to be no growth
in demand for PAN in this area.

Approximately 20% of the PAN produced in the U. S. is used to make
unsaturated polyester resins. This represents the most dynamic and fastest
growing end use. Between 1960 and 1970 consumption of phthalic anhydride for
these resins increased 250%.

Miscellaneous end uses and exports provide an outlet for the remaining
5% of PAN production.
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X. Plant Inspection Procedures
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]

Plant inspections will be conducted by the appropriate authorities, either
on a routine basis or in response to a complaint. Usually the inspecting
agent will only be able to make visual observations. In some instances stack
monitoring equipment may be available or it might be possible to sample the
stack through an accessible sample point. The odor of phthalic anhydride and
maleic anhydride will sometimes be experienced in the vicinity of PAN plants
that do not incorporate emission control facilities or have control devices
that are not operating properly.

If the inspector has reason to suspect that emissions are excessive, some
factors that he should consider and/or discuss with plant officials are
itemized below:

A.

During start-ups, some plants directly vent reactor effluent to the
atmosphere until the reactors reach operating temperature. Hot air
is used for this warm-up. Precautions should be taken to prevent
addition of hydrocarbon feed to the reactors until after the direct
venting has been terminated.

Proper operation of the switch condensers is essential to limit PAN
losses. Switching frequency and effluent temperature are the main
condenser operating variables which can be adjusted for controlling
these losses. Switching valves associated with the condensers are
potential sources of leakage and resulting air emission of PAN,

When scrubbers are provided on the main process vent stream, adequate
make-up and circulating water rates are necessary to insure efficient
removal of hydrocarbons, vapors and particulates. In addition gas
feed rate plus inlet and outlet temperatures influence emissions.
Most plants will keep a record of some or all of these operating
variables and their design limits.

Vhen the process vent gas is burned, proper operating of the combustion
device is essential if emissions are to be minimized. Two types of
problems may be expected to be encountered, (1) flame-outs and (2)
excessive smoking. In units employing extensive feed-effluent heat
exchange, it may also be possible to have pre-ignition of the feed.
Plants are likely to periodically record some or all of the following
operating variables. Data will also be available on design limits.

(1) Combustion zone temperature.
(2) Composition and flow rate of feed to the device.
(3) Quantity and heating value of supplemental fuel.
(4) Composition of stack gases.

Incinerators employed on the waste water and reject hydrocarbon streams
are sometimes required to handle wide variations in flow rate. Operating
problems are normally limited to flame-outs and smoke production. In
addition to the operating variables listed for the process vent gas
incinerator, the quantity of air used for burning is important in
controlling waste product incinerator performance. Too little excess

air will cause smoking and too much can result in flame-outs. The
quantity of excess air might be indicated by measurements on one or
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all of the following:

(1) Device draft - inches of water.

(2) Temperature of stack gases.

(3) Air flow rate.

In order to limit emissions (PAN and MAN), temperature of the atmospheric

vent gas streams from product fractionation facilities should not
exceed design values.
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XI., Financial Impact

Table PA-11 presents economics for phthalic anhydride manufacture in a
typical 130 MM lbs./year plant that incorporates virtually no air pollution
control equipment. Based on present cost/price levels the production of PAN
from o-xylene in this type faczility appears to be profitable (ROI = 10.0%).

Table PA-12 provides economics for producing PAN in an existing unit
which has been modified to reduce emissions, Modifications consist of
alding a process vent gas scrubber plus an incinerator for burning scrubber
reject liquid and waste products removed in product fractionation. Data
are also presented for aa alternate system using dual thermal incinerators
on the process vent and waste product streams.

Table PA-13 provides similar data for a naw most feasible unit which
also incorporates thermal incinerators. However, in this case a waste
heat boiler is used on the process vent incinerator effluent for heat
recovery in place of feed-effluent heat exchange. 1In addition, the cost
of emission control facilities on product storage tanks have been included
(approximately $20,000). This control consists of either piping the vents to
one of the incinerators or providing sublimation boxes for removal of PAN,

. The economic data indicate about a five percent increase in PAN production
cost for both of the modified and new most feasible units. Assuming a PAN
selling price of 8.8¢/lb., this corresponds to a 13 percent reduction in
profit and reduces return on investment to about 6.8 percent,

Table PA-14 presents pro forma balances for the above cases. It was
assumed in developing these asset and liability positions that phthalic
anhydride selling price would be held constant and any increase in production
costs would be taken out of profit margin in order to maintain sales volume.
Capital requirement for the most feasible new plant is about 1.5 million
dollars higher than for an existing type plant without emission control.

In addition to financial impact, it is essential to evaluate the overall
environmental impact of the most feasible method of emission control. A
factor for consideration in this evaluation is the effect on fuel compsumption
All of the proposed emission control systems involve incineration. Since
the heating value of the main vent stream is very low, this incineration
requires supplemental fuel in all cases. If vent streams are burned and waste
steam is generated in the plants producing the 1.3 billion pounds per year
increased PAN production between 1972 and 1985, the incineration will consume
supplemental fuel energy equivalent to approximately 14.3 billion standard
cubic feet per year of natural gas. Assuming a thermal efficiency of 87
percent for steam generation, fuel credit of net steam produced would be
equal to 10.6 billion standard cubic feet per year of natural gas. This
results in a net increase in fuel consumption of 3.7 billion SCF per year.

If steam can not be utilized, incineration with feed-effluent heat exchange

or a combination scrubber incinerator could be employed. Assuming all new
plants incorporate incinerators with feed-effluent heat exchange, the pollution
control would consume fuel equivalent to 5.3 billion SCF per year of natural
gas. If all new plants employed the scrubber-incinerator type of control,

fuel usage would be reduced to 1.4 billion SCF per year.
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TABLE PA-11
PHTHALIC ANHYDRIDE MANUFACTURING COST
FOR A TYPICAL
EXISTING 130 MM LB./YR. FACILITY (8)

DIRECT MANUFACTURING COST ¢/LB. $/YR.

Raw Materials

95.5% o-xylene @ 4%¢/1b. 4.34

S0, @ 5%¢/1b. 0.03

Labor (3 men/shift @ $4.85/hr.) 0.10

Maintenance (5% of investment) 0.23

Utilities (includes catalyst) 0.60

5.30

INDIRECT MANUFACTURING COST

Plant Overhead (1107 of labor) 0.11

FIXED MANUFACTURING COST

Depreciation (10 years) 0.77
Insurance & Property Taxes (2.37% of inv.) 0.18
0.95

MANUFACTURING COST 6.36

GENERAL EXPENSES

Administration (3% of manufacturing cost) 0.19
Sales ‘1% of manufacturing cost) 0.06
Research (2% of manufacturing cost) 0.13
Finance (6% of investment) 0.46
0.84
Total Cost 7.20 9,360,000
Selling price 8.80 11,440,000
Profit before taxes 1.60 2,080,000
Profit after 527 tax 0.77 998,500
Cash flow 1,998,500
ROI (NPAT x 100/investment) 10.0%

(a) Primarily based on published data. 11,12,13
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TABLE PA-12
PHTHALIC ANHYDRIDE MANUFACTURING COST

FOR A TYPICAL

EXISTING 130 MM LB./YR. FACILITY

WITH ATIR POLLUTION CONTROL EQUIPMENT

Type of Emission Control

DIRECT MANUFACTURING COST

Raw Materials
95.5% o=-xylene @ 4%¢/1b.
502 @ S%C/lb.

Labor

Maintenance

Utilities (includes catalyst)

INDIRECT MANUFACTURING COST

Plant Overhead (110% of labor)

FIXED MANUFACTURING COST

Depreciation (10 years)
Ins. & Prop. Taxes (2.3% of Inv.)

MANUFACTURING COST

GENERAL EXPENSES

Administration

Sales

Research

Finance (6% of Investment)

Total Cost

S21ling Price

Profit Before Taxes

Profit After 53% Tax

Cash Flow

ROI (NPAT x 100/Investment)

ROI Sensitivity
Increased Capital Charges (b)
Increased Operating Cost (c)

(a) Economics for pollution control equipment obtained from Table PA-10.

Scrubber & Incinerator

¢/18, (3

4.34
0.03
0.11
0.30
0.67
5.45

0.12

0.19
0.06
0.13
0.53
0.91

7.56

6.8%

4.7%
4.3%

$/YR.

9,826,000

11,440,000
1,614,000
774,500
1,919,500

Dual Incinerators

¢/LB.

(a)

$/YR.

4.34
0.03
0.11
0.26
0.78
5.52

0.12

S O
— 00

O

-
o
=~

0.19

0.13

0.51

0.89

7.0%

5.5%
4.5%

(b) Capital charges for pollution control equipment double values shown in

Table PA-10,

(c) Capital charges and net operating cost for pollution control equipment
double values shown in Table PA-10.

9,836,000

11,440,000
1,604,000
770,000
1,871,000
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TABLE PA-13
PHTHALIC ANHYDRIDE MANUFACTURING COST -
FOR A TYPICAL MOST FEASIBLE
NEW 130 MM LB./YR, FACILITY

DIRECT MANUFACTURING COST ¢/, ® $/YR,

Raw Materials

95.5% o=-xylene @ 4%¢/1b. 4.34
S99 @ 5%¢/1b. 0.03
Lador 0.12
Maintenance 0.27
Utilities (includes catalyst) 0.71
5.47
INDIRECT MANUFACTURING COST
Plant Overhead (110% of labor) 0.13
FIXED MANUFACTURING COST
Depreciation (10 years) 0.88
Insurance & Property Taxes (2.3% of Inv.) 0.20
1.08
MANUFACTURING COST 6.68
GENERAL EXPENSES
Administartion 0.19
Sales 0.06
Research 0.13
Finance (6% of Investment) 0.53
0.91
Total Cost 7.59 9,867,000
Sz21ling Price 8.80 11,440,000
Profit Before Taxes 1,573,000
Profit After 52% Tax 755,000
Cash Flow 1,897,000
ROI (NPAT x 100/Investment) 6.6%
ROI Sensitivity
Increased Capital Charges (b) 4,7
Increased Operating Cost (c) 4.0

(a) Economics for pollution control equipment obtained from Table PA~-10.
(b) Capital charges for pollution control equipment double values shown in
Table PA-10.

(c) Capital charges and new operating cost for pollution control equipment
double values shown in Table PA-10. ‘
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XII. Cost to Industry

As indicated in Section IV, most of the plants surveyed incorporate
pollution control devices. Cost of this equipment represents up to 15%
of the total plant investment. This expenditure plus associated operating
costs equals about 5% of the total PAN production cost (0.35¢/1b.).

Total capital cost for adding a combination scrubber-incinerator system
or dual incinerators to the one or two small existing units without emission
control would be about 1.0 to 1.5 million dollars. 1In the '"most feasible
new plant' presented in Table PA~13, air emission control equipment represents
13% of the total plant investment. Assuming all new phthalic anhydride
plants built between 1972 and 1985 incorporate this type of control equipment,
the total incremental capital cost for these plants will be about 13 million
dollars,

Since most of the existing plants include emission controls similar
to those which are proposed, universal use of these controls should not
reduce growth in demand for PAN.

The projected effect of the above expenditures on future air emissions
is shown in Table PA-15.

It should be noted that emission levels shown in this summary exclude
sulfur oxides resulting from sulfur compounds in incinerator fuel. This is
because existing plants use natural gas which contains little or no sulfur,

In the future, it is very likely that low sulfur fuels will be unavailable

or in short supply giving an added incentive to use a pollution control

system with low fuel requirements. 1In this regard, even though the combination
scrubber incinerator system does not remove CO from the process vent stream,
overall weighted emissions for this system could be lower than for other types
of control if low sulfur fuel is not available,
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XIII. Emission Control Deficiencies

Technical deficiencies which hinder reducing the level of emissions
include the following:

A. Process Chemistry and Kinetics

In this vapor phase o-xylene oxidation process, a carrier-supported
vanadium pentoxide catalyst is used to produce PAN, Experimental data
indicate that formation of PAN, by-product maleic anhydride and carbon
oxidee are zero order reactions with respect to o-xylene.14 Phthalic
anhydride is also produced in a two step reaction involving o-tolualdehyde
as an intermediate product. These particular reactions are first order
with respect to o-xylene and o-tolualdehyde, respectively. All of the
reactions appear to be independent and show a square-root dependence on
oxygen pressure. It is believed that the reactions occur on the
catalyst surface, involving transfer of catalyst oxygen to the
chemisorbed xylene followed by desorption of the products and catalyst
oxidation by gaseous oxygen. The catalyst oxidation step is rate-
determining.

The amount of phthalic anhydride produced is influenced by the
o-xylene feed purity, oxygen concentration, reactor residence time and
other reactor operating conditions.

1. Reactor Feed
(a) Ortho-xylene

Feedstock normally contains 95 - 96 wt. % o-xylene. Meta
and para-xylene are the primary impurities. These compounds and
any other hydrocarbon impurities are converted to carbon oxides.
Therefore, in order to minimize air pollution and maximize
productivity it is desirable to use high purity feed. Xylene
concentration in total reactor feed is set at 1.0 vol. % or
less in order to stay below the lower explosion limit, 15

(b) Oxygen Concentration

Air is primary source of oxygen used in phthalic anhydride
production. All surveyed plants producing PAN from xylene use
air exclusively, whereas some naphthelene based units, incorporate
air plus supplemental pure oxygen, (See Appendix I)

In addition to influencing the rate of xylene conversion,
oxygen concentration controls product distribution. At low
air-xylene weight ratios (1.5 - 5.0), tolualdehyde would be
primary product. Tolualdehyde concentration in reactor product
is insignificant at the higher air to xylene ratios normally
employed (30 - 34).

(¢) Sulfur Dioxide
A small amount of sulfur dioxide is used to increase

catalyst activity, The addition rate varies over the catalyst
cycle (,006 - 0.0125 T/T of PAN).
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Reactor Operating Conditions

Reactor operating conditions influence xylene conversion
rate and the amount of non-selective products. Since unconverted
xylene would be lost in the process vent gas stream, operating
conditions are adjusted to obtain complete xylene conversion.

In the U.S., where raw materials in the past have been relatively
inexpensive, the reactors are operated at higher temperatures
than are used in EurOpe.16 This results in somewhat lower

yields but at the same time reduces reactor catalyst volums

and plant investment,

Catalyst

With the vanadium pentoxide catalyst presently employed,
about one pound of PAN is produced per pound of xylene feed
consumed. Maximum theoretical yield is 1.4 pounds per pound
of o-xylene. Therefore, selectivity is about 75 mol %.
Non-selective material contributes to CO and hydrocarbon
(particulate) emissions in the main process vent gas. 1In
addition small amounts of waste by-products are produced.
Removal and disposal of this material can also result in
air emission problems.

B. Process Equipment and Operations

l.

Reactors

The chemical reaction for PAN production by partial
oxidation of xylene is highly exothermic. It would appear that
fluidized bed reactors could be used for this reaction. However,
successful commercial application of these reactors has been
limited to PAN plants using naphthalene feed, If fluidized
bed units were used in place of the conventional tubular fixed
bed converters, it would be possible to increase the concentration
of xylene in the reactor feed and thereby reduce the volume of
vent gas. With fluidized reactors it is possible to operate
within the flammability limits without problems because of the
inerting effect of catalyst dust particles and the ability of
the fluid bed to dissipate reaction hot spots.13,17

Switch Condensers

The cyclic operation of these condensers requires the
utilization of many valves. Improper maintenance or failure of
these valves can result in leakage of PAN and heat transfer
fluid into the atmosphere or the pollution control equipment.

C. Control Equipment and Operations

1.

Scrubbers

Failure of the water circulating pumps can result in
atmospheric venting of PAN and other hydrocarbons normally
removed from the main process vent gas.
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Incinerators

As previously noted there have been operating problems
associated with the one surveyed commercial vent gas incinerator
that incorporates feed-effluent heat exchange. At times these
problems necessitate direct atmospheric venting of the incinerator
feed gas.

Thermal incineration with waste heat steam generation is a
dependable and probably most feasible method of controlling
main process vent gas emissions. However, all types of
incinerators require a substantial amount of supplemental fuel.
If liquid fuel is employed, stack gas emissions could increase
as a result of SOx formation and ash carry=-over. In addition
all incinerators produce some NOx. crubber reject water
incinerators also release the water hardness as particulate air
emissions,



PA=47

XIV. Research and Development Needs

If the technology deficiencies discussed under Section XIII are to be
overcome, additional R & D is desirable in the following areas:

A.

Existing Plants
1. Improved Catalyst

It would be desirable to have a more selective catalyst in order
to reduce air emissions and produce less unwanted by-products. With
the present commercial operation, xylene to PAN selectivity is
approximately 757%.

It would also be desirable to develop & catalyst that does not
require the addition of sulfur dioxide as a catalyst activator,

Catalyst development work in these areas can best be handled
by the process licensors.

New Plants
1. Oxygen Feed plus Vent Gas Recycle

Only a small portion of the oxygen contained in the reactor feed
is consumed. Therefore, it should be possible to reduce net emissions
by recycling a portion of the reactor vent gas and by using oxygen
enriched air for make-up.

2. By-Product Recovery

The literature indicates that at least one phthalie anhydride
process licensor offers technology in the recovery of by-product
maleic anhydride.13 Development work and engineering studies would
be necessary to see if by-product recovery is practical. From &n
air pollution standpoint, this investigation is not critical since
the PAN process vent streams contain other components which would
not be recovered and would still require clean-up.

3. Reactor Modification

I1f fluidized reactors vere used in place of fixed bed units, it
would be possible to reduce the volume of vent gas., However, most
previous attempts at processing o-xylene in fluidized converters have
resulted in unsatisfactory yields and excessive by-product
production.3

It should be noted that much of the above suggested R & D probably has
been or is being done by industry.
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XV. Research and Development Programs

The following proposed programs are for projects within the general
R & D areas listed in Section XIV. These programs are limited to those
projects which would have a good change of success for obtaining methods of
reducing emissions from future phthalic anhydride manufacture. 1In preparing
these programs, it has been assumed that the researcher has prior exparience
or knowledge in PA production.

Project A
1. Title - Oxygen Feed plus Vent Gas Recycle for reduced emissions.
2. Object =~ Scope the feasibility of reducing emissions by air and
vent gas recycle,
3. Project Cost (Scze Table PA-16 for Cost Breakdown)
Capital Expenditures $100,000
Operating Costs
Total Manpower 97,200
Services 6,100
Materials 4,000
Contingency 25,000
Total $232,300
4., Scope - On a laboratory scale modify the conventional fixed bed process

by replacing part of the air feed with pure oxygen and by recycling
process vent gas for dilution., These process changes will be studied
in a small pilot plant reactor coupled to an on~line gas chromatograph.
Successful completion of the project could lead to a pilot plant
demonstration utilizing the same pilot plant equipment.

Program
(a) Design, Construction and Checkout

This part of the project is concerned with the design, fabrication
and start-up of a laboratory scale unit. The unit will include
effluent condensation and vapor recycle system in order to simulate
equilibrium closed loop operation. Effluent gases from the reactor
and product condenser will be analyzed by an on-line gas chromatograph.

(b) Process Development

The effect of process operating conditions, oxygen partial
pressure and recycle gas rate on conversion, PAN selectivity and
composition of effluent gases will be studied. The standard
vanadium pentoxide catalyst will be used.

(c) Process Engineering

Data from the process development work will be used to design a
model for the xylene oxidation process. This model will define
optimum process parameters for maximum PAN production at low level
of emissions,
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TABLE PA-16
DETAILED COSTS
FOR
R & D PROJECT A

PILOT UNIT DESIGN CONSTRUCTION & CHECKOUT

Design Manpower: Professional - 6 weeks

Technician - 12 weeks

Major Equipment, Installed

Contingency

PROCESS DEVELOPMENT

Operation

Manpower:

Services:

Materials
Contingency

ENGINEERING

Professional - 14 weeks

Technician - 2 men/shift, 3 shifts/day for 14 wks.

Analytical ~ 150 hours
Computational

Process Design and Economic Evaluation
Process Engineer - 20 weeks

Services:
Contingency

Computational

5, 600
6,200
100,000

15,000

126,800

13,000
60,200

2,200
2,400

4,000

8,000

89,800

12,200
1,500

2,000

15,700
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6. Timetable
The overall time required for this project including pilot plant
construction, unit operations and engineering evaluation is
estimated to be 13 months (excludes equipment delivery time).
Project B
1. Title - Application of Fluidized Reactors in Phthalic Anhydride
Production from O-Xylene
2. Object = Scope the use of fluidized reactors to determine if the
volume of vent gas to the emission control facilities can be reduced
while maintaining high feedstock utilization.
3. Project Cost (See Table PA-17 for Cost Breakdown)
Capital Expenditures $ 70,000
Operating Costs
Total Manpower 89,000
Services 21,500
Materials 4,000
Contingency 25,000
Total $210,500
4, Scope - This project will seek to reduce the volume of vent gas by
incorporating fluidized bed reactors. By using oxygen enriched air
for reactor feed, it may be possible to further reduce the quantity
of vent gas and also lower emissions and reduce production of by-
products. A small pilot plant will be constructed. This unit will
be connected to ah on~line gas chromatograph. Data from the pilot
unit will be used to develop a process model.
5. Program -

(a) Design, Construction and Checkout

The first phase of the program will be the design, fabrication
and start-up of a small pilot unit which consists of a fluid bed
reactor and feed delivery and preheat facilities. Effluent gases
from the reactor will be analyzed by gas chromatograph.

(b) Process Development

The effect of process operating conditions, oxygen partial
pressure and catalyst on conversion, PAN selectivity and composition
of effluent gases will be studied. The standard vanadium pentoxide
type of catalyst will be used initially. Catalyst formulation and
catalyst activators will be modified in an attempt to improve
selectivity. Adjustments of physical properties of the catalyst
(e.g., pore volume distribution, surface pH, total surface area)
will also be studied.
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TABLE PA-17
DETAILED COSTS
FOR
R & D PROQJECT B

Pilot Unit Design Construction & Checkout

Design Manpower: Professional - 6 weeks 5.600
Technician - 12 weeks 6,200

Major Eauipment 70,000
Contingency 15,000
96,800

Process Development

Unit Operation

Professional - 45 weeks 41,800
Technician - 45 weeks 23,200

Services
Analytical - 4weeks 2,400
Catalyst Preparation - 25 weeks 13,000
Physical & Catalyst Testing - 10 weeks 4,600
Materials 4,000
Contingency 9,000
98,000

Engineering

Process Design and Economic Evaluation

Process Engineer - 20 weeks 12,200
Services: Computational 1,500
Contingency 2,000

15,700
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(c) Process Engineering

pData from the process development work on the most promising
catalyst will be used to prepare A model for the modified process.
This model will define optimum process parameters for maximum PAN
production at low level of emissions.

Timetable

The overall time reauired for this project including pilot plant
construction, catalyst formulation, unit operations and engineering
evaluation is estimated to be 18 months.
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Sampling, Monitoring and Analytical Methods for Vent Streams
A, Methods in Use

Of the five phthalic anhydride plants submitting replies to
questionnaires, four had performed some type of analyses of stack
emissions. Plant number 53-1 sampled for particulates from the
product condenser scrubber vent by isokinetic sampling into
impingers. The analytical method is unknown, but it was stated
that the results represented inorganic salts. Organic acids were
collected in an unknown manner for analysis by flame ionization
gas chromatography, while sulfur dioxide was measured by the modified
Shell Development technique.18 Flow was measured by Pitot traverse
and moisture content by wet bulb/dry bulb thermometers.

The same plant measured particulate emissions from the scrubber
water incinerator using a probe and impingers. Velocity and moisture
content were measured as stated above., The particulate emissions
were described as MgCO3 and CaCO3 originating from the scrubber
feed water. Carbon monoxide and carbon dioxide were measured by
Orsat apparatus and organics by flame ionization.

Limited sampling has been conducted by plants 53-3 and 53=5.
One plant (53-3) determined total organic carbon (TOC) as methane,
CO, COp and benzoic acid by flame ionization. The samples were
collected from the condenser and purification exhaust incinerator
stack using rubber bladders. Flow was calculated by a material balance.
At the second plant, (53-5), the main process vent gas stream was
sampled for particulates, carbon monoxide and hydrocarbons using a
train consisting of an Alundum thimble followed by impingers. The
methods were not further described except that the sample gas leaving
the impingers was analyzed for hydrocarbons by hydrogen flame gas
chromatography.

Plant number 53=4 determined emissions from both the process vent
and waste product incinerators. Particulates from both units were
determined by EPA Method 5V19, except that non-isokinetic sampling
was used on one stack. EPA Method 7 19 was used for oxides of nitrogen
on both stacks. Organics were collected in impingers containing
deionized water and analyzed for TOC as methane. Orsat analyses were
performed for CO, CO2, Oy and No. The flow in one stack was measured
by Pitot traverse, but in the other a material balance was used.

B. Discussion

The methods in use seem to be quite diverse. With the exception of
particulates and hydrocarbons, however, accepted techniques are
available. Phthalic anhydride is a solid at 266° F and boils at
5430 F, The stack temperatures from the various plant units ranged
from a low of 113° F to a high of 5300 F. The product material being
sampled thus ranged from a solid to a very high vapor pressure liquid.
Since other volatile by-products may be present, the organic materials
being sampled probably consist of a mixture of solids, liquids and
vapor. Thus, the distinction between particulates and hydrocarbons
would be highly dependent on the form and temperatures maintained in
a sampling train,
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The EPA Method 5 train, consisting of heated probe and filter, would
probably pass a large portion of phthalic anhydride as vapor. 1If an
analysis of impinger contents were added, the split between filter
and impinger would still be uncertain and dependent on the state of
the pollutants in the stack, the probe and hot box temperature, and
the duration of sampling. It appears, therefore, that a different
approach may be required for meaningful analyses. A procedure based
on direct impingement and specific analyses of the impinger contents
may provide a meaningful basis for emissions regulations.

C. Future Methods Development

It is recommended that a specific sampling and analytical method
be developed for characterization of emissions from phthalic anhydride
plants, This method should be keyed to any regulations concerning
emissions limitations.
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Emergency Aztion Plan for Air Pollution Episodes
A. Types of Episodes

The alleviation of Air Pollution Episodes as suggested by the U.S.
Environmeatal Protection Agency is based on a pre-planned episode
emissions reduction scheme. The criteria that set this scheme into
motion are:

1. Alert Status - The alert level is that concentratioa of
pollutants at which short-term health effects can be expected
to occur.

2. Warning Status - The warning level indicates that air quality
is continuing to deteriorate and that additional abatement
actions are necessary.

3. Emergency Status = The emergency level is that level at which
a substantial endangerment to human health can be expected.
These criteria are absolute in the sense that they represent
a level of pollution that must not be allowed to occur.

B. Sources of Emissions

As outlined in the foregoing in-depth study of phthalic anhydride
manufacture, there are as many as five continuous and three intermittent
vent streams to the atmosphere,

1. Continuous Streams

(a) Main Process Vent Gas - This stream constitutes the
greatest potential for air pollution., It consists of
the gross reactor effluent after cooling and recovery of
crude phthalic anhydride. The stream is normally either
directed to a water scrubber or an incinerator before
exhausting to the atmosphere.

(b) Pretreatment and Product Fractionation Vent = These
operations are performed under vacuum and evolve dis=-
solved non-condensible and light ends which are contained
in the exhaust of a vacuum ejector. In some plants, the
ejector effluent is condensed in an after cooler or hot
well., The resulting waste water is directed to either
the main process vent gas incinerator or vent gas scrubber
and incinerator system. In the cases where ejector
effluent is not condensed, it is directed to the main
process vent incinerator, to a separate waste product
thermal incinerator or to the atmosphere.

(¢) ZXylene Feed Storage = Xylene is stored at ambient
temperature in fixed roof storage tanks with atmospheric
vents, Because of low vapor pressure, emissions are
negligible except during filling periods.
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(d) Product Storage - Crude and refined phthalic anhydride
are maintained at 300° F to 320° F at atmospheric
pressure in order to hold them in a molten state. The
tanks are usually blanketed with dry nitrogen. Consequently,
there is a small continuous gaseous emission. Usually
in those plants that vent these streams, the gas is first
sent through sublimation boxes or devices wherein the
phthalic anhydride is solidified to crystals and collected
for disposal or recovery. In other instances, the vent
is collected by an ejector and sent to an incinerator.

(e) Flaker and Bagging Exhaust - Usually the phthalic anhydride
is stored and transported as a liquid. There are some
instances where the product is shipped as a flaked product.
This presents another source of emission in the form of
phthalic anhydride dust around the bagging operation.
Usually it is recovered by a ventilating system and
ducted to a cyclone for recovery of product. The cleaned
exhaust presents no problem.

2. Intermittent Air Emissions

(a) Process Vent Gas - Some Facilities provide for emergency
venting of the main process vent stream usually through
the rupture of a '"bursting disc'". The gross venting in
this event will last only a minute or two or until the
air compressor can be shutdown. Some emissions, however,
will continue for several hours while the switch condensers
are melted and discharged. An emergency of this type occurs
very infrequently.

(b) Start-Up Vent - Some plants may employ a direct atmospheric
vent for exhausting reactor effluent during plant start-up.
The emission during this period consists of hot air and
natural gas combustion products.

(c) Product Shipping Losses - Intermittent emissions result
from uncontrolled phthalic anhydride vapor during loading
of liquid product into tank trucks.

3. Fugitive Emissions

As in any processing plant there are emissions that result from
leaks and safing or purging of equipment in preparation for
maintenance. This type of emission should be small and infrequent
in nature.

C. Abatement Techniques

As the various levels of the pre-planned episode reduction scheme
are declared (Alert, Warning and Emergency) a progressive reduction in
the amount of air pollutants emitted must be made. This could
ultimately lead to total curtailment of pollutant emissions if the
emergency level become imminent.
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Although these instructions for the "Air Pollution Episode Avoidance
Plan'" are designed for phthalic anhydride manufacturing plants the
overall Emergency Action Plan (EAP) will cover all aspects of
environmental air pollution., Consequently, the implementation of the
pre-planned episode reduction scheme, as it applies to phthalic anhydride
manufacture, will be in consideration of reductions made in all sources
of air pollutants as well as to the specific offending constituents in
the atmosphere. Therefore, the extent of required cut back in emissions
from phthalic anhydride plants will depend on the relative amounts of
air pollutants contributed by phthalic anhydride production to the
overall emissions which resulted in the pollution episode. These
factors will be used by the Governing Environmental Protection
Authority in determining the cutback to be made in all air pollution
sources during the various episodes.

Phthalic anhydride manufacturing facilities consist of plants with
multiple parallel reactors and, in some larger installations, complete
parallel trains of equipment in the main processing areas. A multiple
reactor system provides for increased flexibility to affect a partial
reduction in air pollutant emissions during an air pollution alert.
This is possible since individual reactors can be removed from
service resulting in proportionate reduction of absorber vent gas
emissions. A single reactor system in a multi reactor plant can be
taken out of service in about one hour. A start-up of a single reactor
system can be accomplished in less than one hour. Another option
available for a partial reduction in air pollutant emissions is to
reduce the capacity of all reactors (turndown). Reductions of up to
40 percent are possible for short periods of time. It should be noted
that the oxidation of O=-xylene is an exothermic reaction with the
exotherm consumed within the process to generate steam. Turndown
of all reactors to a level below 60 percent will normally result in
a steam deficient condition. Consequently, auxiliary steam zenerating
facilities will have to be placed into service to prevent potential
safety problems and equipment damage due to solidification of high
melting point materials in the process. Such a condition could result
in a net increase in total emissions.

Reduction in operating rate results in reductions in emissions of
organic acids from the scrubber tail gas (53-1) with an accompanying
reduction in the incinerator effluent. Limited data indicate that
emissions decrease at a rate that is more than a linear proportioa at
lower operating levels. Under normal operation conditions a turndown
can be accomplished within one hour. It should bemoted that operating
at reduced capacity increases the residence time of xylene in the
reactors which results in lower yields and side reactions.

The curtailment of operation on one or more reactors or a turndown
in capacity must be considered with repsect to emission coatrol
equipment. For example, in plants that employ thermal incinerators, the
curtailment of operation on one or more reactors of a given unit would
result in a decrease in the amount of combustibles flowing to the
incinerating device. However, the composition of the incinerator feed
would remain approximately the same with the total flow rate reduced.
This could result in an increase in furnace residence time with a
lower temperature requirement thus possibly favoring a reduction in
NOx emission. The latter condition would also be applicable on a
turndown in plant capacity.
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Plants employing water scrubbers on the main process vent gas should
continue to run this equipment at design water circulation rates during
an alert. With a reduction in the total flow of the main process vent
gas, the scrubbing efficiency should be improved over that obtained at
normal phthalic anhydride production levels.

During episodes, it might be possible to reduce SOy addition to the
reactor feed. In addition, it may be possible to switch to a low sulfur
content fuel,

1. Declaration of Alert Condition = When an alert condition is
declared, the episode emission reduction plan is immediately
set into motion. Under this plan, in addition to notifying
the manufacturer of the alert condition, it may be deemed
necessary by the Environmental Protection Authorities to reduce
emissions from phthalic anhydride manufacture by a small
amount in order to deter further increases in pollution level
which could result in warning or emergency episodes. This may
be accomplished by employing one of the foregoing options.
The specific option to be used for the reduction is at the
discretion of the manufacturer. The time required to affect
the reduction will be approximately as stated in the preceding
discussion. This will reduce the principal source of emission,
represented by the main process vent stream, by a similar amount
to the reduction made in PAN production. The other sources of
emission, represented by the pretreatment and product fractionation
vents, xylene feed and product storage and flaker and bagging
exhaust will be reduced to some lesser degree by viture of the
reduction made in the producing equipment. Usually the alert
condition can be expected to continue for 12 hours or more.

2, Declaration of Warning Condition = When the air pollution
warning episode is announced, a substantial reduction of air
contaminants is desirable even to the point of assuming
reasonable economic hardship in the cutback of production and
allied operations. This could involve a 50«60 percent decrease
in phthalic anhydride production.

3. Emergency Condition - When it appears that an air pollution
emergency episode is imminent, all air contaminants, except
those resulting from storage facilities, may have to be
eliminated immediately by ceasing production and allied
operations to the extent possible without causing injury to
persons or damage to equipment.

The cessation of operation whether wholly or in part should not
result in increased emissions. This is also true for start-up
operations,

D. Economic Considerations

The economic impact on phthalic anhydride manufacturers of curtailing
operations during any of the air pollution episodes is based on the
duration and number of episodes in a given period. It is indicated that
the usual duration of air pollution episodes is one to seven days with
meteorology episode potentials as high as 80 per year.20 The frequency
of air pollution episodes in any given area is indicated as being one
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to four per year. These data do not differentiate between the
episode levels. Normally, since the alert level does not require

a cutback in production, it will not influence plant economics.
Therefore, in discussing economic considerations resulting from the
air pollution abatement plan, it is only necessary to estimate the -
frequency and number of warning and emergency episodes. For the
economic study, it has been assumed that three warning and no
emergency episodes occur per year., Each warning episode is assumed
to require a 50 percent reduction in air contaminants for a period of
5% days.

The financial impact resulting from this loss in production is shown
in Table PA-19. This table contains comparative manufacturing costs for
an existing 130 MM lbs./year facility without extensive pollution
control (Table PA-11) and for a most feasible new facility of the
same capacity (Table PA-13).

Economics are shown for each of these plants with and without the
financial impact accredited to the air pollution episodes. It should
be noted that whereas the proposed cutback in phthalic anhydride
production for emission control appears small (2.5 percent on a yearly
basis), it reduced net profit by six to seven percent.

E. Summary of Estimated Emissions

In the foregoing, a reduction in air pollutant emissions was
suggested for the various air pollution levels that may be encountered.
This was primarily predicated on existing plants with limited or no
pollution control equipment, However, most existing plants do provide
efficient control devices which substantially reduce emissions.
Therefore, special consideration should be made in the EAP for Air
Pollution Episode Avoidance for new and existing plants that are
equipped with the "latest state of the art" emission control equipment.
The following presents estimated air emissions for a typical present=day
system without control devices and the most feasible new plant that
incorporates thermal incineration.

Present Plant Without Most Feasible
Pollution Control New Plant
Average Emissions, Average Emissions,
Pollutant T/T T/T
Hydrocarbons 0.0001 0.0001
Particulates (a) 0.1192 0.0040
NOx - 0.0013
SOx 0.0047 0.0047
Co 0.1507 0.0101
0.2747 0.0202

(a) 1Includes PAN, MAN and Organic Acids

As noted in the above, total emissions for the most feasible new
plant have been reduced to about 7% percent of that estimated for the
uncontrolled plant. However, some NOx emission is produced by
incineration,
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The particular type and concentration of pollutants in the
atmosphere at the time of the episode would dictate the degree to
which a reduction would be made on the most feasible new plant. If
NOx or SOx is the offending material, then a reduction in plant
production may be required as outlined under "Declaration of Alert
Condition'". 1In this case, NOx would be reduced as the cutback is
made in production.

If the offending pollutants are in the form of hydrocarbons,
particulates or CO, the degree of cutback on the most feasible new
plant could be proportionally less severe than on an uncontrolled
facility.



APPENDIX I
BASIS OF THE STUDY

I. Industry Survey

The study which led to this document was undertaken to obtain information
about selected production processes that are practiced in the Petrochemical
Industry. The objective of the study was to provide data for the EPA to use
in the fulfillment of their obligations under the Clean Air Amendments of 1970.

The information obtained during the study includes industry descriptions,
air emission control problems, sources of air emissions, statistics on quantities
and types of emissions and descriptions of emission control devices currently
in use. The principal source for these data was an Industry Questionnaire
but it was supplemented by plant visits, literature searches, in-house back~
ground knowledge and direct support from the Manufacturing Chemists Association.

More than 200 petrochemicals are currently produced in the United States,
and many of these by two or more different processes. It was obvious that
the most immediate need was to study the largest tonnage, fastest growth
processes that produce the most pollution, Consequently, the following 32

chemicals (as produced by a total of 41 different processes) were selected
for study:

Acetaldehyde (two processes) Nylon 6

Acetic Acid (three processes) Nylon 6,6

Acetic Anhydride "Oxo" Alcohols and Aldehydes
Acrylonitrile Phenol

Adipic Acid Phthalic Anhydride (two processes)
Adiponitrile (two processes) Polyethylene (high density)
Carbon Black Polyethylene (low density)
Carbon Disulfide Polypropylene

Cyclohexanone : Polystyrene

Ethylene Polyvinyl Chloride

Ethylene Dichloride (two processes) Styrene

Ethylene Oxide (two processes) Styrene - Butadiene Rubber
Formaldehyde (two processes) Terephthalic Acid (1)
Glycerol Toluene Di~-isocyanate (2)
Hydrogen Cyanide Vinyl Acetate (two processes)
Maleic Anhydride Vinyl Chloride

(1) Includes dimethyl terephthalate.
(2) 1Includes methylenediphenyl and polymethylene polyphenyl isocyanates.

The Industry Questionnaire, which was used as the main source of information,
was the result of cooperative efforts between the EPA, Air Products and the
EPA's Industry Advisory Committee. After receiving approval from the Office of
Management and Budget, the questionnaire was sent to selected producers of
most of the chemicals listed above. The data obtained from the returned
questionnaires formed the basis for what have been named "Survey Reports''.
These have been separately published in four volumes, numbered EPA~450/3-73-005a,
b, ¢, and d and entitled "Survey Reports on Atmospheric Emissions from the
Petrochemical Industry - Volumes I, I1, III, and IV,
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The purpose of the survey reports was to screen the various petrochemical
processes into the "more" and '"less - significantly polluting processes’.
Obviously, significance of pollution is a term which is difficult if not
impossible to define because value judgements areinvolved. Recognizing this
difficulty, a quantitative method for Significant Emission Index (SEI) was
developed. This procedure is discussed and illustrated in Appendix II of
this report. Each survey report includes the calculation of an SEI for the
petrochemical that is the subject of the report. These SEI's have been
incorporated into the Emission Summary Table that constitutes part of this
Appendix (Table I), This table can be used as an aid when establishing
priorities in the work required to set standards for emission controls on
new stationary sources of air pollution in accordance with the terms of the
Clean Air Amendments of 1970.

The completed survey reports constitute a preliminary data bank on each
of the processes studied. In addition to the SEI calculation, each report
includes a general introductory discussion of the process, a process description
(including chemical reactions), a simplified process flow diagram, as well as
heat and material balances. More pertinent to the air .pollution study, each
report lists and discusses the sources of air emissions (including odors and
fugitive emissions) and the types of air pollution control equipment employed.
In tabular form, each reports summarizes the emission data (amount, composition,
temperature, and frequency); the sampling and analytical techniques; stack
numbers and dimensions; and emission control device data (types, sizes, capital
and operating costs, and efficiencies).

Calculation of efficiency on a pollution control device is not necessarily
a simple and straight-forward procedure. Consequently, two rating techniques
were developed for each type of device, as follows:

l. For flares, incinerators, and boilers a Completeness of Combustion Ratlng
(CCR) and Significance of Emission Reduction Rating (SERR) were used.

2. For scrubbers and dust removal equipment, a Specific Pollutant
Efficiency (SE) and a SERR were used.

The bases for these ratings and example calculations are included in
Appendix III of this report.

II. In-Depth Studies

The original performance concept was to select a number of petrochemical
processes as 'significant polluters'", on the basis of data contained in
completed questionnaires. These processes were then to be studied "in-depth'.
However, the overall time schedule was such that the EPA requested an initial
se;ectlon of three processes on the basis that they would probably turn out
to be "significant polluters". The processes selected in this manner were:

l. The Furnace Process for producing Carbon Black.
2. The Sohio Process for producing Acrylonitrile.

3. The Oxychlorination Process for producing 1,2 Dichloroethane
(Ethylene Dichloride) from Ethylene.
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In order to obtain data on these processes, the operators and/or
licensors of each were approached directly by Air Products' personnel.
This, of course, was a slow and tedious method of data collection because
mass mailing techniques could .not be used, nor could the request for data
b€ identified as an "Official EPA Requirement'. Yet, by the time that OMB
approval was given for use of the Industry Questionnaire, a substantial
volume of data pertaining to each process had already been received. The
value of this procedure is indicated by the fact that first drafts of these
three reports had already been submitted to the EPA, and reviewed by the
Industry Advisory Committee, prior to the completion of many of the survey
reports.

In addition, because of timing requirements, the EPA decided that three
additional chemicals be 'nominated' for in-depth study. These were phthalic
anhydride, formaldehyde and ethylene oxide. Consequently, four additional
in-depth studies were undertaken, as follows:

1. Air Oxidation of Ortho-Xylene to produce Phthalic Anhydride.
2. Air Oxidation of Methanol in a Methanol Rich Process to produce
Formaldehyde over a Silver Catalyst. (Also, the subject of a

survey report,)

3. Air Oxidation of Methanol in a Methanol-Lean Process to
produce Formaldehyde over an Iron Oxide Catalyst.

4, Direct Oxidation of Ethylene to produce Ethylene Oxide.
The primary data source for these was the Industry Questionnaire,
although SEI rankings had not been completed by the time the choices were

made.

The Survey Reports, having now been completed are available, for use in
the selection of additional processes for in-depth study.



INTRODUCTION TO APPENDIX I AND TIT

The following discussions describe techniques that were developed for
the single purpose of providing a portion of the guidance required in the
selection of processes for in-depth study. It is believed that the underlying
concepts of these techniques are sound. However, use of them without sub-
stantial further refinement is discouraged because the data base for their
specifics is not sufficiently accurate for wide application. The subjects
covered in the Appendix II discussion are:

1. Prediction of numbers of new plants,

2. Prediction of emissions from the new plants on a weighted
(significance) basis.

The subject covered in the Appendix ITI discussion is:

Calculation of pollution control device efficiency on a variety of
bases, including a weighted (significance) basis.

It should be noted that the weighting factors used are arbitrary.
Hence, if any reader of this report wishes to determine the effect of
different weighing factore, the calculation technique permits changes in
these, at the reader's discretion.



APPENDIX II

Number of New Plants*

Attached Table 1 illustrates the format for this calculation.
Briefly, the procedure is as follows:

1. For each petrochemical that is to be evaluated, estimate what
amount of today's production capacity is likely to be on-stream
in 1980. This will be done by subtracting plants having marginal
economics due either to their size or to the employment of an
out-of-date process.

2., Estimate the 1980 demand for the chemical and assume a 1980
installed capacity that will be required in order to satisfy
this demand. :

3. Estimate the portion of the excess of the 1980 required capacity
over today's remaining capacity that will be made up by
installation of each process that is being evaluated.

4. Estimate an economic plant or unit size on the basis of today's
technology.

5. Divide the total required new capacity for each process by the
economic plant size to obtain the number of new units.,

In order to illustrate the procedure, data have been incorporated
into Table I, for the three processes for producing carbon black, namely
the furnace process, the relatively non-polluting thermal process, and
the non-growth channel process.,

~

*The format is based on 1980, but any future year may be selected.
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Increased Emissions (Weighted) by 1980

Attached Table 2 illustrates the format for this calculation.
However, more important than format is a proposal for a weighting basis.
There is a wide divergence of opinion on which pollutants are more noxious
and even when agreement can be reached on an order of noxiousness, dis-
agreements remain as to relative magnitudes for tolerance factors. 1In
general pollutants from the petrochemical industry can be broken down into
categories of hydrogen sulfide, hydrocarbons, particulates, carbon monoxide,
and oxides of sulfur and nitrogen. Of course, two of these can be further
broken down; hydrocarbons into paraffins, olefins, chlorinated hydrocarbons,
nitrogen or sulfur bearing hydrocarbons, etc. and particulates into ash,
catalyst, finely divided end products, etc. Itwas felt that no useful
end is served by creating a large number of sub-groupings because it would
merely compound the problem of assigning a weighting factor. Therefore,
it wasproposed to classify all pollutants into one of five of the 'six
categories with hydrogen sulfide included with hydrocarbons,

There appears to be general agreement among the experts that carbon
monoxide is the least noxious of the five and that NOy is somewhat more
noxious than SOy. However, there are widely divergent opinions concerning
hydrocarbons and particulates - probably due to the fact that these are
both widely divergent categories. In recent years, at least two authors
have attempted to assign tolerance factors to these five categories.,
Babcock (1), based his on the proposed 1969 California standards for
one hour ambient air conditions with his own standard used for hydrocarbons.

On the other hand, Walther (2), based his ranking on both primary
and secondary standards for a 24-hour period. Both authors found it
hecessary to extrapolate some of the basic standards to the chosen time
period. Their rankings, on an effect factor basis with carbon monoxide
arbitrarily used as a reference are as follows:

Babcock Walther
Primary Secondagx
Hydrocarbons 2.1 125 125
Particulates 107 21,5 37.3
NOy 77.9 22,4 22,4
S04 28.1 15.3 21.5
Cco 1 1 1

Recognizing that it is completely unscientific and potentially subject
to substantial criticism it was proposed to take arithmetic averages of the
above values and round them to the nearest multiple of ten to establish a
rating basis as follows:

Average Rounded
Hydrocarbons 84.0 80
Particulates 55.3 60
NO, 40,9 40
S0, 21.6 20

Cco 1 1
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Increased Emissions (Weighted) by 1980 (continued)

This ranking can be defended qualitatively, if not quantitatively for
the following reasons:

1. The level of noxiousness follows the same sequence as is obtained
using national air quality standards.

2. Approximately two orders of magnitude exist between top and bottom
rankings.

3. Hydrocarbons should probably have a lower value than in the
Walther analysis because such relatively non=-noxious compounds
as ethane and propane are included.

4, Hydrocarbons should probably have a higher value than in the
Babcock analysis because such noxious (or posionous) substances
as aromatics, chlorinated hydrocarbons, phenol, formaldehyde, and
cyanides are included.

5. Particulates should probably have a higher value than in the
Walther analysis because national air standards are based mostly
on fly ash while emissions from the petrochemical industry are
more noxious being such things as carbon black, phthalic anhydride,
PVC dust, active catalysts, etc.

6. NOx should probably have a higher value than in the Walther
analysis because its role in oxidant synthesis has been neglected.
This is demonstrated in Babcock's analysis.

Briefly, the procedure, using the recommended factors and Table 2, is
as follows:

1. Determine the emission rate for each major pollutant category in
terms of pounds of pollutant per pound of final product. (This
determination was made, on the basis of data reported on returned
questionnaires, in the Survey Reports,,

2, Multiply these emission rates by the estimate of increased production
capacity to be installed by 1980 (as calculated while determining
the number of new plants), to determine the estimated pounds of
new emissions of each pollutant.

3. Multiply the pounds of new emissions of each pollutant by its
weighting factor to determine a weighted pounds of new emissions
for each pollutant,

4, Total the weighted pounds of new emissions for all pollutants to
obtain an estimate of the significance of emission from the process
being evaluated. It wasproposed that this total be .named
"Significant Emission Index'" and abbreviated "SEI".

It should be pointed out that the concepts outlined above are not
completely original and considerable credit should be given to Mr. L. B. Evans
of ~he EPA for setting up the formats of these evaluating procedures.,



(1

(2)
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Increased Emissions (Weighted) by 1980 (continued)

Babcock, L. F., "A Combined Pollution Index for Measurement of Total
Air Pollution,'" JAPCA, October, 1970; Vol. 20, No. 10; pp 653-659

Walther, E. G., "A Rating of the Major Air Pollutants and Their Sources
by Effect'", JAPCA, May, 1972; Vol. 22, No. 5; pp 352-355



Appendix III
Efficiency of Pollution Control Devices

Incinerators and Flares

The burning process is unique among the various techniques for
reducing air pollution in that it does not remove the noxious substance
but changes it to a different and hopefully less noxious form. It can be,
and usually is, a very efficient process when applied to hydrocarbons,
because when burned completely the only products of combustion are carbon
dioxide and water. However, if the combustion is incomplete a wide range
of additional products such as cracked hydrocarbons, soot and carbon
monoxide might be formed. The problem is further complicated if the
hydrocarbon that is being burned is halogenated, contains sulfur or is
mixed with hydrogen sulfide, because hydrogen chloride and/or sulfur oxides
then become products of combustion. In addition, if nitrogen is present,
either as air or nitrogenated hydrocarbons, oxides of nitrogen might be
formed, depending upon flame temperature and residence time.

Consequently, the definition of efficiency of a burner, as a pollution
control device, is difficult. The usual definition of percentage removal of
the noxious substance in the feed to the device is inappropriate, because
with this definition, a "smoky" flare would achieve the same nearly 100
percent rating, as a 'smokeless' one because most of the feed hydrocarbon
will have either cracked or burned in the flame. On the other hand, any
system that rates efficiency by considering only the total quantity of
pollutant in both the feed to and the effluent from the device would be
meaningless. For example, the complete combustion of one pound of hydrogen
sulfide results in the production of nearly two pounds of sulfur dioxide, or
the incomplete combustion of one pound of ethane could result in the
production of nearly two pounds of carbon monoxide.

For these reasons, it was proposed that two separate efficiency rating
be applied to incineration devices. The first of these is a "Completeness
of Combustion Rating" and the other is a "Significance of Emission Reduction
Rating", as follows:

l. Completeness of Combustion Rating (CCR)

This rating is based on oxygen rather than on pollutants and is
the pounds of oxygen that react with the pollutants in the feed to
the device, divided by the theoretical maximum number of pounds that
would react: Thus a smokeless flare would receive a 100 percent
rating while a smoky one would be rated somewhat less, depending upon
how incomplete the combustion,

In utilizing this rating, it is clear that carbon dioxide and water
are the products of complete combustion of hydrocarbons. However, some
question could occur as to the theoretical completion of combustion
when burning materials other than hydrocarbons. It was recommended

that the formation of HX be considered complete combustion of halogenated

hydrocarbons since the oxidation most typically does not change the
valence of the halogen. On the other hand, since some incinerators will
be catalytic in nature it was recommended that sulfur trioxide be
considered as complete oxidation of sulfur bearing compounds.
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Efficiency of Pollution Control Devices
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l. Completeness of Combustion Rating (CCR) (continued)

Nitrogen is more complex, because of the equilibria that exist
between oxygen, nitrogen, nitric oxide, nitrogen dioxide and the
various nitrogen radicals such as nitrile. 1In fact, many scientists
continue to dispute the role of fuel nitrogen versus ambient nitrogen
in the production of NOx. In order to make the CCR a meaningful
rating for the incineration of nitrogenous wastes it was recommended
that complete combustion be defined as the production of Ny, thus
assuming that all NOx formed comes from the air rather than the fuel,
and that no oxygen is consumed by the nitrogen in the waste material,
Hence, the CCR becomes a measure of how completely the hydrocarbon
content is burned, while any NOy produced (regardless of its source)
will be rated by the SERR as described below,

2, Significance of Emission Reduction Rating (SERR)

This rating is based primarily on the weighting factors that
were proposed above. All air pollutants in the feed to the device
and all in the effluents from the device are multiplied by the
appropriate factor. The total weighted pollutants in and out are
then used in the conventional manner of calculating efficiency
of pollutant removal, that is pollutants in minus pollutants out,
divided by pollutants in, gives the efficiency of removal on a
significance of emission basis.

Several examples will serve to illustrate these rating factors.
as follows:

Example 1 - One hundred pounds of ethylene per unit time is burned
in a flare, in accordance with the following reaction:

3CHy + 7 0 =—wmeeedp  C + 2 CO + 3 Cop + 6 HyO

Thus, 14.2 1lbs. of particulate carbon and 66.5 1bs. of carbon
monoxide are emitted, and 265 1bs. of oxygen are consumed.

Theoretical complete combustion would consume 342 1bs. of oxygen
in accordance with the following reaction:

CoHy + 3 0 ey 2 COp, + 2 HyO

Thus, this device would have a CCR of 265/342 or 77.5%

Assuming that one pound of nitric oxide is formed in the reaction
as a result of the air used for combustion (this is about equivalent to
100 ppm), a SERR can also be calculated. It should be noted that the
formation of this NO is not considered in calculating a CCR because it
came from nitrogen in the air rather than nitrogen in the pollutant
being incinerated. The calculation follows:
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2. Significance of Emission Reduction Rating gSERRz (continued)

Weighting Pounds in Pounds out

Pollutant Factor Actual Weighted Actual Weighted
Hydrocarbons 80 100 8000 0

Particulates 60 0 14,2 852
NO, 40 0 1 40
S04 20 0 0]

co 1 0 —_ 66.5 ‘ _66.5

Total 8000 958.5

SERR = 8000 - 958.5 .
8000 x 100 = 884

Example 2 - The same as Example 1, except the hydrocarbons are
burned to completion. Then,

CCR = g%_ x 100 = 1007,

and

SERR = 8000 - 40 _ o
= 8000 - 99.5%
Example 3 - One hundred pounds per unit time of methyl chloride is
incinerated, in accordance with the following reaction.

2 CH3Cl + 3 0) =P 2.C0p + 2Hy0+ 2 HCl

This is complete combustion, by definition, therefore, the CCR is
100%. However, (assuming no oxides of nitrogen are formed), the SERR
is less than 100% because 72.5 1lbs. of HCl are formed. Hence,
considering HCl as an aerosol or particulate;

SERR = 100 x 80 - 72.5 x 60
100 x 80

x 100 = 45,5%

The conclusion from this final example, of course, is that it is
an excellent combustion device but a very poor pollution control device,
unless it is followed by an efficient scrubber for HCI removal,

Example 4 - The stacks of two hydrogen cyanide incinerators, each
burning 100 pounds per unit time of HCN are sampled. Neither has any
carbon monoxide or particulate in the effluent. However, the first is
producing one pound of NOx and the second is producing ten pounds of
NOx in the same unit time. The assumed reactions are:
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2, Significance of Emission Reduction Rating (SERR) (continued)
4HCN+502--;—5 2 HO + 4 COp + 2Ny
Np (atmospheric) + X0, —ly 2 NO,
Thus, CCR; = 100% and CCRy = 100% both by definition.

However, SERR; = 100 x 80 - 1 x 40 x 100 = 99,5%
100 x 80 U

and SERR2 = 100 x 80 = 10 x 40
100 x 80

x 100 = 95%

Obviously, if either of these were "smoky'" then both the CCR and
the SERR would be lower, as in Example 1.

Other Pollution Control Devices

Most pollution control devices, such as bag filters, electrostatic
precipitators and scrubbers are designed to physically remove one or more
noxious substances from the stream being vented. Typically, the efficiency
of these devices is rated relative only to the substance which they are
designed to remove and for this reason could be misleading. For example:

1. The electrostatic precipitator on a power house stack might be
997 efficient relative to particulates, but will remove little
or none of the 80y and NO, which are usually present.

2, A bag filter on a carbon black plant will remove 99 + % of the
particulate but will remove none of the CO and only relatively
small amounts of the compounds of sulfur that are present.

3. A water scrubber on a vinyl chloride monomer plant will remove
all of the hydrogen chloride but only relatively small amounts
of the chlorinated hydrocarbons present.

4. An organic liquid scrubber on an ethylene dichloride plant will
remove nearly all of the EDC but will introduce another pollutant
into the air due to its own vapor pressure.

For these reasons, it was suggested again that two efficiency ratings be
applied. However, in this case, the first is merely a specific efficiency as

is typically reported, i.e., "specific to the pollutant (or pollutants) for
which it was designed", thus:

SE = specific pollutant in - specific pollutant out
specific pollutant in

x 100

The second rating proposed is an SERR, defined exactly as in the case
of incinerators.

Two examples will illustrate these ratings.



IIE-5

Efficiency of Pollution Control Devices

Other Pollution Control Devices (continued)

Example 1 - Assume that a catalytic cracker regenerator effluent
contains 100 pounds of catalyst dust, 200 lbs. of
carbon monoxide and 10 pounds of sulfur oxides per unit
time. It is passed through a cyclone separator where
95 pounds of catalyst are removed. Therefore,

SE =100 - 5
~100 X 100 = 95%

and SERR (100 x 60 + 10 x 20 + 200 x 1) - (5 x 60 + 10 x 20 + 200 x1) x 100

(100 x 60 + 10 x 20 + 200 x 1)

6400 - 700 x 100 = 89%
6400

Example 2 - Assume that an organic liquid scrubber is used to wash a
stream containing 50 pounds of SO; per unit time. All
but one pound of the 8509 is removed but two pounds of
the hydrocarbon evaporate into the vented stream. Then

SE = 50 - 1 e
=0 x100 = 98%
and SERR = (50 x 20) - (1 x 20 + 2 x 80) 100
(50 x 20) X
= 1000 - 180 . 100 = g29

1000
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I. Introduction

Initially all phthalic anhydride was derived form naphthalene. As
early as 1896 BASF patented a process vhereby naphthalene vas oxidized to
phthalic anhydride in & solution of sulfuric acid. Today all U. S.
naphthalene based phthalic anhydride plants employ vapor phase processes,
with the majority utilizing the Sherwin-Williams/Badger fluid bed technology.

In terms of current production capacity, the naphthalene process is about
on par with the newer o-xylene process (see Table PA-3). However, all future
growth is expected to be based on o-xylene methodology.

The primary source of emissions from either process is the switch
condenser vent. In the naphthalene process, the pollutants associated with
this stream are phthalic anhydride, maleic anhydride, naphthoquinone and carbon
monoxide. The fluidized bed reactor used in most naphthalene based plants is
(indirectly) another source of emissions, since some of the various items of
process equipment required for catalyst storage. transportation, etc, are
responsible for the dispersion of catalyst fines. Additionally, other solid
and liquid~-form wastes are produced.

The current U. S. phthalic anhydride ex naphthalene production capacity
(active) is 528 MM lbs./year. 1985 production capacity is estimated to be
essentially the same.
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II. Process Description

Naphthalene may be oxidized to phthalic anhydride in the presence of
an appropriate catalyst. This reaction is shown as follows:

f
7 C\
‘ + 4% Opem———ip— ,0 + 2 H,0 + 2 cCO,
N ' g
' 0
Naphthalene Phthalic Anhydride
Mol. Wt. 128.2 148.1

Standard commercial practice is to conduct the reaction in the vapor
phase utilizing & vanadium pentoxide catalyst.*

Naphthalene and air are introduced into the fluidized bed reactor near
the bottom of the catalyst bed. The naphthalene vaporizes immediately and
in the presence of the catalyst and air is oxidized to phthalic anhydride.

The reactor bed temperature is controlled at 650 to 725° F. The exothermic
heat of reaction is removed by cooling tubes, located within the catalyst bed.
The heat is used to produce high pressure steam.

The effluent from the reactor consists of phthalic anhydride vapors,
entrained catalyst and various by-products and non-reactant gases. The
catalyst is removed from the effluent by a series of filters and returned to
the reactor. The phthalic anhydride is removed by condensation.

Purification of the crude phthalic anhydride generally involves two
steps. Tirst the crude product is given a '"heat treatment' (held at elevated
temperature) to boil off water and to allow contained impurities to form
condensation products. Final purification is by standard distillation. The
product phthalic anhydride may be marketed in the molten form or solidified
and sold as flakes.

*See Figure PAN-1, Table PAN-I and Table PAN-II for a simplified process flow
diagram, a typical process material balance, and a gross reactor heat balance
respectively.



PAN-3

v

TeCid

ga sls

pp2-a .20 e

Hozw .,

a9

FLEBAGE I AA

NOD4 POILINOODY BAIDAARNY =1NVH Mg

a -

Qs SVY? LNy

437004 O

SNV3IVLG OO0

LIPS Al el
007 7 i0m

[y [ -FYR-1-]
NAYINVIA MO CAa Tan's )
iNvg  3WNNy . T
YNNI VINGIIOV wg Lwim avo 0 38 #ide i | L)
. TR TPV L NS 4]
Al Giavals . c———-|- .
D—— Pd ONILVEH
46420-10-9% 3N 1LOVILNOD | P U U
ADNAMY MO1LD3.020 TVLMNANNODIANT (1YNOIia0)
. WETIVISSS (naszon) tala LV
<- ]
wi-$- GISIAID F N/MY204ED A FVISE
TRV BNTAvTS Ve LT-1-X P
L9030 8a ACIBCARNY Ti"¥mang
ANQA LreSA
-t
>
< LI IRl-l-lr]
i 2. e
K -nvg 219V, - ABOLNAAMY o
NOISKING TYNOILYA ARNYI-NVvg IR YL - 3IMVIVG IVITILIN OL
rl 3 r SOPD v "~
SIFLILIAFA FINABIIAT S ? -2 SNYIILS Oa. sana  LFWin
:6310M
SRS e NN/
BIRVR N FEEET-T-Tal-H (C5vi3)
IS F XA 4 (a4
e \_ _/
2ALVM
9333 3409
NV F0i5VIT |
ERERLIGEAL
I IAET DY k-2 [}
-¥¥e F9VE01E AGAES
-
»
S — Dk 7
nNIA NVAL ——— [ A3 V.6]
(oA 2 FX W 2]
J
AMAA
WNAISAS
Rk RPIEE k]
L § 2 L O -l=k) LI L iV
LIMS g
E RTINS -
20ivIANHN 3O 494~ I36 M AVALS 3 3ALVM 20




PAN=-4

000"

0000 1

Janpeld
aprapiyuy S1ieyiud

L

y810°

2S00
9900°

9900°

swo3304

uolIeIiIIsla

9

9500° st10°
—_— 600"
0€00°
0800
6%00°
L0000 $200°
epoR WIT1 spuz 4811
uoyaelTIsTd JuMINPAI1
< Y

9ITEY' T

0s1¢”
vos$0°
1996
$681°01
6% °1

000¢°¢1

sT61°01
sLoe’€

203089y
03 11¥

19€0°1

500"

60€0°1

poed
susywyayden

1

NW jJo uol/sucl [wiol
193

opIXOUCH UOGIP)
PIXOT( UOQIVD
ualoxI N

uelLxp

soyuelip "W
suougnboyyyden
*pTaphyuy 13T
apFapiyuy dy1eyIud
suaymIydeN
TFusuodus)



PAN-5

TABLE PAN-I1

GROSS REACTOR HEAT BALANCE*

FOR_PRODUCTION OF
PHTHALIC ANHYDRIDE
EX
NAPHTHALENE

HEAT IN

Exothermic Heat of Reaction**
Heat Naphthalene
Heat Air

HEAT 0UT

Reactor Heat Loss
Steam Generation
Reactor Effluent Heat Content¥#%*

*Basis

(1) Table PAN~1 Material Balance. -
(2) Napthalene feed at 200° F, air at 80° F.
(3) Reactor outlet 700° F.

*%Normal range is from 7,000 to 9,000 BTU/lb. of
selectivity.

*%%*Difference in heat content of effluent at 700°
at 2000 F (molten) plus air at 80° F.

BTU/LB. OF PAN

7300
330
2100

9730

30
7000
2700

9730

PAN, depending primarily on

F and feed naphthalene
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III. Plant Emissions (For details see Table PAN-III)

A.

Continuous Air Emissions
1. Switch-Condenser Vent

Emissions from this vent stream represent well over 95 percent
of total reported emissions at every plant surveyed. This is true
in spite of the fact that each plant utilizes reasonably efficient
control devices to minimize pollution from this source. Plants
53-6 and 53-8 both rely on thermal incinerators, which operate
at 80 and 85 percent (SERR) efficiency, respectively. Plant 53-7
water washes the switch-condenser vent stream with a combination
Venturi/spray tower scrubber. On a lb./lb. basis, hydrocarbon (or
particulate) emissions from plant 53-7 are only about 1/5 of those
reported by plants 53-6 and 53-8. :

2. Heat Treatment Section Vent

Plants 53=6 and 53-8 both show emissions from this section of

_the product purification 'train'. It is presumed that all plants

that utilize 'heat treatment' techniques will have associated
emissions. Plant 53-6 incinerates these vapors in the switch-
condenser incinerator. Plant 53-8 washes this vent stream in a
separate scrubbing unit. Emissions after scrubbing amount to
.00005 1bs. of PAN (emitted)/lb. of product.

Intermittent Air Emissions
1. Emergency Vent

Plant 53-6 is the only plant reporting emergency vent streams
(two). Both are switch-condenser incinerator by-passes, utilized
during emergency shut-downs. The respondent reports that they are
used only a few minutes per year. Consequently, emissions from this
source are negligible.

2. Catalyst Storage Hopper Vent

Plant 53-7 is the only plant reporting emissions from this
source, although one would presume that all (fluid bed) operators
would have similar vents. Emissions occur when catalyst is removed
from the reactor and stored in a hopper. The efficiency of the
associated cyclone and the frequency and duration of the transfer
operation maintain emissions below .00001 lbs./lb. of product.

3. Spent Catalyst Removal
Again, only plant 53-8 reports these emissions. They are similar

to those mentioned above except they relate to spent catalyst;
emissions are less than .00001 lbs./lb. of product.



PAN~7

*1939A pu® IPIXOTp uoqawd ‘uaBAxo ‘uaBoalfu JOo mOTI IO sjuasaidayy

0€lL0° L9T90°
19000 0o%€00°
OoN ON OoN OoN
‘PyIIW "IIFL % O1O ‘P19 “PyO1T®
Ad2e3s Y
BLIYOAL FETY T
ON sa3y ON ON
+
+
T01-W 101-W JuoN suoyN
000°0Z 000°8Y
001 00S - 0SY
9¢ 09
08 001
1 1
sal (1YY (12e35 s anya) (X0w3s swd angd)
60000° 10000 10000° 7>
20000 " €€000° 10000° 7
8%000° 00€00° 10000° 7 100007
L96%C°T 10000° > 10000° >
L9216° 100007
0€1L0° LYTY0° 10000° >
\ L09Lc’1 10000° 7> 20000 °
*{(8030° 8" €1Z89°8 10000 "> 21000°
10 1°0
SNONUTIBO) snonuyjue) Jualjymasjul JUIIIRIJU]
£90°6 £15°00% v A L91°L61
[TT) 1) jusp LousSiemg Jusp Aousiiemy
JusA anid uOFINS uoJ3Ioeg
1sqqnasg 103919UFOU] uoFINIFITaANg - 103988y
0 0
000°SY 00$°'79
L-€S 9-£S
Z 30 1 3993ys ANTTVHLHL VN
X3

0D
Xog
X0
sajwInoTiaed ¥ sjosolay
suoqiesoapiy
sjuEInIod IJY Jo Lapwmmg
Walqoxd 10p0
siskisuy jo adLy
uw0j3Ied0] del ajdmeg
Sugrdweg jo Louanbaii 30 ajeq
sTskysuy
w0124
1sqqnidg
1o03wasujdul
8827A8(Q [0I3VO) BOTSSTWH
12038/Ri0S
od - ‘dmay sed Iyxg
sayoul - isjsweld
‘3 - WSyeH
Jaqung
syOwI§ Juan

(So%a) saurd skiwam

uoBiy

suouynboyyden

#PTIpAyuy 23a1wN

PIIPAYUY ITTIYING

123ep

IPIX0Iq uoqaw)

PPIXOUOK UOQIE)

us®4xg

ualox3 N
9P11pAyuy OFTEYIYd Jo uol/suol ‘uojijsodmo)

A0T4 ‘IX/°$3H ~ JUIIIFWIIUT 3F¥
JUIIIFWIIJU] A0 SNONUTIUO0D - DFISTIIIOwARY) Aold
“IH/°8qT - aold

wel313s

21aydsomyy 03 suojssymy

‘X Jo % - uoj3zampoagd uj aBuey
AX/PFAPAYUY IT18YIyd jo suol - L3Toeded
"ON ap0D VdE - Jueid

NOLIDNGOW_BATEAAUNY DTIVHINA
XSOINEANT SHOTSSING TVNOILVN
TI1-Rvd Z14vL




PAN-8

‘A11997124> £3eA UOTITSOOWOD pUR 3wl MOTJ ING SNONUFIUOD O] AOJds

£S9%°
29200°
oN oN oN oN
o3am13I8y 239w 187 L2l J21 ‘2juol 14 ‘Y1 CCS'H
103§ Aow3s
lwak/1w1349g
ON oN EFYY
+ +
+
+
901-w S01-vd $01-W €01-vd
00s'¢L 0s2‘1 oz 000°8Z
0S¢ 0sZ (111 1149
9€ 114 € L
09 o1 oL 09
1 1 1 1
893X 83X sa) 83X
10000 7 10080 > .
9TistT”
(
L5200 (
S0000° (
SL200° 8016L "
11€99°
€S9v0°
( ( SEEIT T
$000 ¢ ££€00° ( 65900 ° 818188
001 - 0% (119
U933 [Eisu] Jusl3pmisIu] ¥SNONUEIV0D snonujuo)
€09 ¥ ] o 008°921
Ju8A Buml ISA L]
a3ddol a8ei03g 38410300 39jeel] ontd
BTYS{ p1 4] Jusdg Il 103wi2uFdU]
0
000°SY
8-€S
T 30 T NS ANATYHIR VN

ROIIDOGOUd FATHGAHNY DITVHLHd

AWOLMEAN] SWO15SIHd TIIVN
(QONTINGD) 111-N¥d num«a

0D
*os
*oN
8339IN0131ed § STO80IAIY
SU0qaw20IpLY
sjueinijod 1yy Jo Aisumng
wajqoxd 10p0
sisyeuy jo ¥¢dLL
uojiwoo] del 1dmeg
Sujjdues yo Lousnbaii 10 e3wg
818L1wuy
auoa4)
19qQqnadg
103wasufdul
S80FAS( 1013U0D UOTSSTEY
1083I§/HIDS
od - ‘duay s®d ITxy
38OVl - lI3ImeTqd
*3d - MBI
1qumy
syow3s JuUIA

(So?a) seurd 3skiwawd

uoday

auouynboyyden

aprapAyuy dpaien

Ipraphyuy d1y1eyIud

I33WM

IpIx01q uoqied

IPYROUOH uoqae)

ua84ixQ

ua80x3IN
aplipAyuy O1ieyiyd jo uocl/suol - UOFIFs0odwo)

40ld 1A/ 814 - JUSIITWMIIIUI JT
JUSIITWIIIU] IO BNONUTIUOD = IFIBFISIOWAVYD) A0
*ZH/9qT1 - 4014

we3ilsg

a3sydsowly 03 suoyssyug

‘Xel] JO ¢ - uoj3IdNpold uy IBuey
*aA/2pTaApAYuy OTIeYIYyd jJo suol - L3joeded
"ON ®poD vdi - Jueid



PAN-9

Continuous Liquid Vastes

The respondents reported the following:

Plant Stream Flow Treatment
53-6 Waste Water 170 GPH Discharged to treated water

system settling basin.
53=-7 Water ex Scrubber 6000 GPH "To Treatment"

53-8 Waste Water 4200 GPH To plant waste water
treatment unit.

No other waste liquid streams were reported.
Solid Wastes

The respondents reported the following:

Plant Material Amount Disposal Method

53-6 Light Ends 58,000 lbs./mo. Trucked away
Heavy Ends 400,000 lbs./mo. By contractor

53=7 None Reported

53-8 Waste Solids 45,000 lbs./day Plant landfill

Odors

In general, the production of phthalic anhydride from naphthalene
does not appear to present an odor problem.

None of the respondents reported an odor complaint in the past
year. Of the three plants surveyed only one (plant 53-8) reported
that emission odors were ever detectable off the plant property.
The odorous material was identified as phthalic anhydride and
phthalic anhydride partial decomposition products.

Fugitive Emissions

None of the respondents offered an estimate of fugitive emissions.
All indicate that molten product is stored in tanks that vent directly
to the air, i.e., no vapor conservation devices are employed,

Other Emissions

All respondents burn fuel gas. Operator 53-8 reports his gas
(ethane) contains no sulfur, Operator 53-7 does not report the sulfur
content of the gas he burns. Operator 53-6 states that the natural
gas he utilizes has a sulfur specification of .00l percent max. This
results in the emission of .000001 1lbs. of sulfur/lb. of product.
However, these comments relate to 1972 plant operations. Future use
of other fuels could result in different SOx emissions.
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1vV. Emission Control

The various emission control devices that are employed by operators of
naphthalene process phthalic anhydride plants are summarized in the 'Catalog
of Emission Control Devices'. Table PAN-1IV. Device efficiencies are reported
variously as SE, SERR and CCR. A definition of these terms may be found in
Appendix III of this report.

Two types of devices are used on the main process vent stream; water
scrubbers and incinerators. Both plants 53-6 and 53-8 utilize thermal
incinerators. The efficiency of the combustion device is lower than one might
expect. This results, to some extent, from the very low conversion of CO to
COp - at both plants. The flue gases do, however, contain significant amounts
of hydrocarbons, perhaps attesting to the difficulty of burning organic
particulates. Plant 53-7 employs a rather complex water scrubbing system.
Although reported data do not permit calculation of that scrubber's efficiency,
it apparently is quite effective in removing hydrocarbons; emissions of that
type are only about 1/5 of those reported by the plants utilizing incineration.
On the debit side, the scrubber probably removes none of the CO from the vent
stream.

Respondents 53-6 aid 53-8 also report the use of cyclones on the bulk
transfer system, to control catalyst dust emissions. These devices perform
with an efficiency of 90-98 percent.

There is the possibility that so;Z minor reduction in air emissions could
be achieved through the use of purer raw material. One operator (53-7) reports
using 90 MM lbs./year of 99.5 percent naphthalene as feed, while another (53-6)
reports using 111 MM lbs./year of 97 percent naphthalene as feed, obviously
the second of these units is required to dispose of 2.8 x 106 lbs./year of
additional organic material. Most of this additional material is burned to
CO, and water. Unfortunately, the dissimilarity of pollution control
equipment employed by the two plants precludes an estimate of that amnount by
comparison of total emissions from those plants.



06 86 W3S - 4 - LouardiIza
. 06 86 s - % - AoueldIIIE
9¢00° NW 3o "q1/> - 390D Bujylszedo IaN
0 00Z¢ $ - jenuuy - 3800 Bujisiedg 3JeN
0 0 *AX/$ - IONPOId PRIFA0INY JO INTWA
0 002Z¢ (2L61) § - jwnuuy - 3s0) Fup3awasdp
Tz00° “aIX/AVd 3o "q1/d - 380D pafjeisul
1961 2961 SI9T10p - ,iwek,, - uo paswq I=0D PIYTeISUI
¢ 0002 $ - 10qwT ? ‘7,3 - 380D pIT[®ISUL
1 sefe3g Jo ‘oN
‘34 -~ asywmelq
‘3d - yBiaH 1-1
Isk1e3w) 1sk1e3e) 3o uojss Wy 81033U0)
901-vd SOT-wd ‘ON @ I ¥3jaaq
8-€S 8-¢S Sujsn jusyd 103 ‘oN apod VI
SANOTORD
—
]
]
F] 58 08 Wigs - % - Kousyatyza
St 3] WO - L - £sueydy3ra
1190° 9€ET” NVd Jo ‘q1/9 - 3s0D Sujimiadg N
000°5S 000°z62 jenuuy - 380D Suijeasdy JaN
0 0 .Hr\m - PIIIN0DNY l..um\ul! Jo snieA
000'SS 000°262 (2L61) § - 1wnuuy - 3s0) Buijwaedp
L ovez” "AL/NVE FO "q1/O - 3s0D patjeisu]
6961 8961 SI8110p - ,1sak, - uo paseq 380D PIT[eIsUI
000°0S2 000°08Z $ - 0Qel 3 "T,3IW - 380D peIIwIsU]I
09 001 '3d - ITaH NOwIS 10 ITAM
W21 (H4DS) 000°YZ ‘ay/nle - 3wy
s®) [ond 589 IsInisN 2d4],
(30134 "19x9) ‘p,bay jend Lawyyjxny
(c62) ("14/°q1) RIDS - POIBIIUTIU] W IIW
13430
+ + I03wiaulou]
xe1d - 9JAaq Jo wd]
$U0QIB01piH SU0Q1I0apAH Poivaauroul punodmo) jo 4L
€01-vd 101~V "ON "Q "I 991A3Q
8~€S 9-€$ Buisn jusid 103 -ON ®po) W3
SHOTAZA NOILVEENIONI
T 30 1 3Id3Y§ IRTTVHIHI VN

X3

NOIIDOQOWd FAIWAAHNY DITVHIRL

SPIAM 0WN00 WISEIHR 40 IOTVAVD
AI-NVd ZTEVL




PAN-12

L1L0°
0059

0

005‘Y®

et

9961 03 GE61
000°6€T

9¢

08

[ )9

000°0%

(o01)

1%30L ST1

‘238 "1OJGUPESITI ISTH ‘lojeiedes ‘janjusa enjd

X
2U0qIed0apiH

701-w
L-£S

T 30 T Iddys

114
(0sZ - 002)

X
TPl Y
suoqied01piy
701-W
8-€<

BTV
n » e———
__NOTIDNGDS] BIISGARNY DTTWADE

A R L
INOD) AI-~ TIVL

s - L - &ouardrIzy
as - 1 - &Sueyd1iin
NWd 3o "q1/9 - 380D Bujjwiadg IeN
$ - Jenuuy - 3s0) Zuyiwiedp N
*3L/§ - IONPOI] peissoIey jO enIEA
61 - § - yenmuy - 380D Fuyjeiedp
*ZL/AWE 3o °q1/% - 3s0) pafiwIsul
187109 -~ , 1984, = UO peseq 380D PITIWISTL
$ - Joquel 9 "T,IWH -~ 380D peliwisu]l
s®ou] - IsIwme}q 993§
‘3 - WS RdeIg
AoW3ls 03 SeewH pHisep
‘3d - Aeyamewiq
‘3l - qSTeH I-1
(*aq/°q1) WiDS ‘®ivy sw)
od (-dmel Sujjezedp) ‘dmel usSiseq
W9 - 2awd pInbyT Suyqiosqy/Sugqqnidg
M0
odLy Leay
sipx3 Jo iequem
shwa3/a umniod
wmno) pexRdsd
Aeadg - adLy
pIndI] Surqiosqy/Suiqqnidg
Jo voissymy [0I3U0D
‘o Q@ ‘I #dyAaqg
Sujen Jueid 107 ‘o po) Wi

AALENE 8/ EANIO STV



PAN-13

V. Significance of Pollution

Within the context of this report, 'significance of pollution' is
related solely to emissions associated with production facilities constructed
in the period 1973 to 1980. Since no growth in capacity is forecast for
the naphthalene based process, then the subject of 'significance of pollution'
is not relavent. Thus, this abreviated report has been appended to the
in-depth study of the 'growth' process for the production of phthalic
anhydride -~ the o-xylene based process.

The method of calculating significance of pollution is described in
Appendix II of this report and its application to phthalic anhydride production
is illustrated in Table PAN-V.
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