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Via Fluidized Bed Oxidation

A catalytic incineration system has been developed for treating or-
ganic emissions that permits lower temperatures and fuel costs than
do thermal or flame incineration techniques.

L. C. Hardison and E. J. Dowd, Air Resources, Inc., Palatine, Il

The control of organic emissions from industrial processes
was first accomplished by catalytic incineration 1n the
late 1940s. (1) Fixed-element catalysts prepared by de-
positing precious metals on heat resisting alloy ribbons
were prepared according to a patent granted to Russell
Suter and Richard Ruff, who founded Catalytic Com-
bustion Co. (2)

In general, the catalysts were applied only in circum-
stances where an extremely serious odor problem was as-
sociated with an industrial process, or where the concen-
tration of organic solvents in the gases to be discharged to
the air was high enough that they could be burned to
utilize the heat in the process. Successful applications in-
cluded treatments of effluents from magnet wire coating,
metal lithographing ovens and the manufacturer of
phthalic anhydride. (1)

Fixed bed catalysts manufactured on ceramic support
materials were introduced by Oxy-catalyst, Inc., and by
Englehardt Industries, Inc. Catalytic incineration utilizing
precious metal catalysts supported on both metal and
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ceramic supports was applied successfully in the three
main areas of stationary organic emission 1) food process-
ing, 2} coating and other solvent handling processes, and
3) chemical manufacture.

While many successful applications were found for
catalytic oxidation of organic materials, many potental
applications involving sertous odor, eye irntation, or visible
organic emission problems produced unsatisfactory re-
sults. This led to installations that either did not pertorm
the emission control function for which they were in-
tended, or ones which required trequent and costly re-
placement of the catalyst elements and interruption of the
process operation. (3) Some of these failures came about
due to fouling of the catalyst surface. Others occurred
because materials such as halogens in the gas stream inter-
fered with or suppressed the activity of the catalyst, or be-
cause many elements reacted with the precious metals and
rendered them permanently inactive. (4) Finally, all
catalysts eventually deteriorate by aging or thermal
processes. (5}
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As the requirements for odor control, and later for con-
trol of reactive hydrocarbon emissions, became more
stringent, the uncertainty as to whether or not a catalytic
unit would be suitable became intolerable. A more reliable
method of incinerating organic materials was necessary,
and this need was fulfilled during the 1960s with the de-
velopment of thermal incineration,

Thermal incinerators provided a higher degree of
assurance that the process would oxidize the organic ma-
terial, but required a higher fuel cost because of the con-
siderably higher temperatures necessary. The high tem-
peratures entailed serious mechanical design problems as
a result of operating in the temperature range in which
metal creep takes place.

Although catalytic incineration continued to be used for
some of the more favarable applications, it was virtually
replaced by thermal incineration for metal lithographing,
phthalic anhydride manufacture, metal strip coating, and
many other common industrial applications.

The inherent advantages of catalytic incineration with
respect to fuel cost and materials of construction led Air
Resources, Inc. and the Harshaw Chemical Co. to under-
take a joint development program aimed at overcoeming
the disadvantages of catalysts. This work was initiated in
1972, and successfully completed with installation of the
first commercial unitin 1975.

Theory
Organic materials can ordinarily be burned if they are
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mixed with air to provide an oxygen content above some
minimum value in the 10 to 15% range, have a hydrocar-
bon concentration above the lower combustible limit, and
are heated above a spontaneous ignition temperature. The
resulting flame combustion can produce substantiallv
complete oxidation of the combustible mixture. The lower
combustible limit is the concentration of an organic ma-
terial that will produce temperatures high enough to sus-
tain flame reactions which depend on forming extremely
reactive free radicals. Flame combustion or flame incin-
eration is often used for the abatement of organic emissions
when the organic materials are present at high concentra-
tion such as might be produced by a closed chemical
reactor. (5)

Oxidation of organic materials also takes place when the
concentrations are well below the lower combustible limit,
provided that the temperature is high enough and the gases
are maintained at the temperature long enough. This slow
thermal reaction is the basis for thermal incineration of
organic contaminants, and there appears to be no lower
limit for either the concentration of the combustible ma-
tenial, or for the concentration of oxygen. (6)

For combustion of simple hydrocarbons, the thermal
oxidation reactions appear to follow classical first order re-
action kinetics sufficiently closely that practical incinera-
tor designs can be established by application of the theory
The reaction:

CiH, + (x + y/2)0, = xCO, + (y/2)H,0 (1)
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‘can be represented by the rate equation:
R = (dCydt) = -kC (2)

where: ¢ = organic concentration, cu. ft./cu. ft.
R = rate of change of contaminant concentration,
cu. ft./cu. ft.-sec.
t = time, sec.
k = reaction rate constant, sec.”'

This differential equation can be solved to yield an ex-
pression for the efficiency of combustion as a function of
time at a given temperature as follows:

E =100 x (1 — C/Cy) = 100 x (1 — e ®) (3)

where: E = conversion efficiency, %
C, = initial organic concentration, cu. ft./cu. ft.

The rate constant, k, must be determined experimen-
tally for the burning of various organic materials. How-
ever, the pattern of variation with temperature is predic-
table from kinetic theory, and follows the Arrhenius
equation:

k= Ae—(AE/RT) (4)

where: A = collision coefficient, sec.
E = energy of activation, B.t.u./th. mol.
R = universal gas constant, B.t.u./1h. mol. "R.
T = absolute temperature, “R.

Thus, in order to establish a relatively complete pattern
of behavior for a particular organic material with regard
to thermal incineration, it is only necessary to make two
careful determinations of the efficiency of conversion at
known temperatures and residence times. The value of the
reaction rate constant, £, can then be calculated as a func-
tion of temperature. The relationship between conversion
and combustion efficiency for any combination of resi-
dence time and temperature can then be predicted. Figure
1 illustrates a plot of the reaction rate constant as a func-
tion of temperature for several organic materials, and
Figure 2 is a plot of calculated conversion efficiencies for
a one second residence time.
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Figure 3. Effect of fouling materials,
poisons, and suppressants on catalyst
activity.
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Figure 4. Measured conversion effi-
ciencies.

How the reaction rate is increased

Catalysts increase the rate of reaction by adsorbing gas
molecules on catalytically active sites. Most metals have
a film of adsorbed gases on the surtace that, at room tem-
perature, completely covers the exposed metal. This film 1s
quite stable because of the strength with which the mole-
cules of metal hold the adsorbed gases. At elevated
temperatures, gases are desorbed from the metal surtace
leaving a partial film, and it is in this that the catalytic
oxidation reactions take place.

The catalyst may function simply to bring about a
higher concentration of reactive matenals at the surface
than is present 1n the bulk gas phase, which has the effect
of increasing the collision constant, A, in the Arrhenius
equation. Or, the catalvst may modity a molecule of ad-
sorbed gas by adding or removing an electron or by physi-
cally opening a bond. This has the effect of decreasing
the activation energy, ME, in the Arrhenius equation.
In either circumstance, 1t is necessary for the reactive
materials to reach the active catalyst surlace by diffusion
through the gas phase, and for the reaction products to
leave the surface. Materials that mechanically coat the
catalyst surfaces with films that prevent or slow down the
diffusion of reactants are reterred to as fouling agents.
Examples of such materials are:

1. Ordinary airborne dust and dirt.

2. Siheon dioxide ash remaining when silicone com-
pounds are oxidized.

3. Organic liquids or tars condensed at temperatures too
low for catalytie oxidation, and retained on the surface as
the catalyst is heated.

Most oxidation reactions are extremely rapid and take
place principally on the outer surfaces of the catalyst
support materials. Catalyvsts with a very great area of in-
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ternal micro-surface do not show much advantage over
low-surface catalysts. For this reason, the fouling of the
external surface of porous catalysts is important, whereas
fouling of internal pores is not. It i3 often possible to re-
move the fouling materials from the external surface of
fixed element catalysts and restore the catalyst to normal
activity by procedures such as washing, mechanical brush-
ing, or blowing with high pressure air or steam. However,
catalysts consisting of precious metals coated on metal or
ceramic supports must be treated very gently to avoid re-
moving this coating when the fouling materials are re-
moved.

Halogens, sulfur dioxide, nitrogen dioxide, and nu-
merous other materials act as catalyst suppressants for
precious metal oxidation catalysts. These compounds tend
to adsorb strongly on the catalytic surface, and prevent the
reactants from finding unoccupied sites. The strength of
adsorption is ordinarily such that the suppressant ma-
terials will gradually be stripped off after there is no longer
a concentration of suppressant materials in the gas stream
passing through the catalyst. (1) For this reason, the
catalyst appears to lose activity during periods when
halogens, halogenated hydrocarbons, etc., are present in
the gas stream, but regains normal activity slowly after the
suppressant materials are removed.

Catalyst poisons are materials such as metallic lead,
zinc, and arsenic that react permanently with the precious
metals and make the surface unavailable for catalytic re-
actions. Poisoning by heavy metals ordinarily destroys the
activity of precious metal catalysts. They must be re-
moved from the incineration unit and discarded, or sub-
jected to complex stripping and re-refining of the precious
metals. (3)

Figure 3 illustrates the effects of fouling materials, sup-
pressants, and poisons on the activity of precious metal
catalysts.

Development program

Early in 1972, Air Resources recognized that significant
advantages in fuel economy and in simplicity of mech-
anical design could be achieved if the deficiencies in
catalytic incineration systems could be overcome. It was
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reasoned that the ultimate problem, that of catalyst deac-
tivation, could not always be entirely eliminated, but that
continuous replacement of a portion of the catalyst bed
during normal operation would allow continuing operation
at high efficiency even in the presence of poisoning
agents. This criterion could be satisfied by a fluidized bed
unit into which catalyst could be added, and from which
withdrawals could be made during operation.

The use of a fluidized bed would also provide protection
against fouling because the self-abrading action of the
catalyst particles in the fluidized bed would keep the sur-
faces clean. In fact, the abrasion of the catalyst posed a
major problem in the development program, because
minute amounts of wear would result in significant rates
of catalyst loss and, potentially, in a particulate emission
problem. Therefore the catalyst would necessarily be very
hard and abrasion resistant.

One of the requirements established for the proposed
development program was to produce a catalyst with an
abrasion resistance so high that the catalyst losses would
amount to less than 1 1b./ million std. cu. ft. of gas treated.

Another goal involved the development of a practical
non-precious metal catalyst of sufficient activity to com-
pete favorably with the best commercially available pre-
cious metal catalysts, but with a price low enough that
poisoned or deactivated catalyst might be discarded with-
out costly and cumbersome precious metal recovery pro-
cedures.

Air Resources, Inc. and Harshaw Chemical Co. started
working on the development program simultaneously. The
Harshaw work was carried out in a bench-scale pilot plant
in Cleveland at the company’s research and development
laboratories. Catalyst performance with respect to oxida-
tion effectiveness, resistance to poisons and suppressants,
etc., was measured in other laboratory equipment.

Air Resources undertook the development of a suitable
fluidized bed apparatus that could be operated without
skilled personnel and which would adequately demon-
strate the performance of the catalyst with respect to
efficiency and abrasion resistance under field conditions.
Extensive plastic model studies and trial component de-
signs were made prior to completion of the first demonstra-
tion unit.

CEP August 1977
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Figure 6. A commercial scale Econ-
Abator unit.

A pilot unit was constructed with a nominal reactor
diameter of 3 ft., and a gas flow capacity of 950 std. cu. ft./
min. Catalyst was supported on a speaially designed grid
that insures good flow distribution over a wide range of
flow rates. The bed depth was planned at 6 in., but more or
less catalyst could be used if desired.

Initial operation of the pilot unit was conducted on the
emussions from a series of carbon baking furnaces operated
by Great Lakes Carbon Corp. at Morganton, N.C. This
operation demonstrated satisfactory catalyst activity
and catalyst losses below the initial specification of 1
Ib./million std. cu. ft. Particulate carbon produced by
the furnaces interfered with the production of a color-free
discharge and rendered the measurement of minute
amounts of catalyst loss difficult. It was possible to es-
tablish that the original criteria had all been met and that
the fluidized bed was not restricted to operation on clean
gas streams.

Phenol plant performance

Subsequent pilot operations were carried out on a phenol
production plant operated by Clark Chemical Corp. at Blue
Island, 111. These tests demonstrated good catalvst activity
on a variety of organic compounds, as illustrated in
Figure 4. Further it was established that the catalvst deac-
tivation rate was very low 1n this application, and no new
catalyst was added to the reactor during an extensive test-
ing program. In addition to activity, the pressure drop
characteristics of the grid-catalyst bed combination were
established as shownin Figure 5.

It was also demonstrated that the pilot unit could be
operated successfully as a thermal incinerator. In fact,
the results were superior to conventional thermal in-
cineration units due to 1improved residence time, velocity
distribution, and temperature uniformity. The catalyst
support grid proved to be an excellent gas distribution de-
vice. Residence time at operating temperatures exceeded
1 sec.
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of Standard Brands, Inc., in Baltimore, Md. This applica-
tion required oxidation of ethyl alcohol, acetic acid, and
related chemicals produced by a vinegar plant. Extensive
testing was carried out to demonstrate high efficiencies of
destruction of the organic compounds. Odor panel testing
using a syringe dilution method demonstrated that
equivalent reductions in odor level were being achieved.
Dispersion modeling was used to substantiate that odor
complaints should be eliminated by treatment of the
entire gas discharge,

The development program in the laboratory continued
during these early field tests, and revealed several startling
properties of the catalysts. The first of these involved the
ability to oxidize halogenated organics without loss of
catalyst activity. The Econ-Acat* catalyst is immune to
halogen suppression. Also, tests with gas streams contain-
ing phosphates suggest that the catalyst is highly re.
sistant to this form of poisoning.

The initial development phase has been completed, and
the results are embodied 1n a commercial line of incinera-
tors, marketed by Air Resources, Inc. under the trade
name Econ-Abator.* The catalyst is supplied by Harshaw
Chemical Co. under the trade name Econ-Acat,* by ARI
International.

Two commercial units have been designed and placed in
operation. One served temporarily a barge loading opera-
tion in which noxious organic materials including tertiary
butyl mercaptan were released. The second unit, shown in
Figure 6, is destroying chlorinated organics produced in a
chemical manufacturing operation and includes provisions
for by-product HCL recovery. #
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AIR POLLUTION CONTROL:
Hydrocarbon Emission Reduction
Systems

Here’s a look at the design and operation of three incineration, four
condensation, and two absorption systems for controlling emissions.

R. D. Pruessner and L. D. Broz, Petro-Tex Chemical Corp., Houston, Tex.

Petro-Tex Chemical Corp., located in Houston, Texas, in
the midst of the highly industrialized ship channel com-
plex, is a major producer of butadiene, butene, maleic
anhydride, and neoprene rubber. Most of these products
originate from the basic raw material, butane, a saturated
paraffinic hydrocarbon containing four carbon atoms. Bu-
tane is dehydrogenated by the use of air to praduce butene
and butadiene, which is chlorinated and polymerized to
make neoprene rubber.

Because hydrocarbons are the major feed, products, and
byproducts of Petro-Tex, we have designed and operated a
variety of air emission control devices. The design and
operation of 10 such systems, three incineration, five con-
densation, and two absorption, are discussed in this article.

Incineration systems

Incineration treatment of waste air from the three air
oxidation processes provides a method to achieve high re-

Figure 1.
Maleic
anhydride
waste gas
incinerator.

CEP August 1977

movals of hydrocarbon contamination. Contamination
level ranges from 150 parts/million in a 1 million lb./hr.
gas flow to 4,000 parts/million in a 235,000 lb./hr. gas
flow. Treatment of these large flows at high temperatures
requires large volumes of natural gas; therefore, energy
recovery is an integral part of each incinerator. The basic
information on the three incinerators is summarized in
Table 1.

The incinerator, Figure 1, installed on the maleic an-
hydride process burns a waste gas stream of 220,000 Ib./
hr., containing 2,500 parts/million hydrocarbon and 1.8
carbon monoxide. Waste gas is essentially air used to oxi-
dize benzene to maleic anhydride through a catalytic pro-
duction reactor. The maleic anhydride is then scrubbed in
water. The water-scrubbed waste gas is fed to the incinera-
tor. Because the waste gas is corrosive, corrosion-resistant
316 stainless steel is used up to the fires in the incinerator.
A 27,000 gal. knock-out pot is installed ahead of the in-
cinerator to catch large liquid carryover from the water
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scrubbed tawer caused by upsets. A mist eliminator pad is
installed in the discharge of the knock-out pot to keep
water droplets from entering the incinerator.

The incinerator was built by Henry Vogt Machine Co.
and designed to operate at 1,400°F with a residence time of
0.7 sec. The heat recovery section generates 70,000 lb./hr.
of 750-lb./sq. in. steam. The natural gas requirement for
this unit is about 80,000 std. cu. ft./hr. Waste gas entering
the incinerator flows between five vertical Coen Co. nat-
ural gas-fired, duct burner assemblies, resulting in a fire
and waste gas sandwich; five layers of fire and six layers
of waste gas. The fire sandwich extends 10 to 12 ft. from
the burner face. The maleic incinerator system cost $1.75
million in 1975 and is the only incinerator system known
on this process. The hydrocarbon destruction 15 at least
93% and carbon monoxide destruction is at least 95%.

The incinerator for the “Oxo” butadiene process is de-
signed to treat 235,000 lb./hr. waste gas containing about
4,000 parts/million hydrocarbon and 7,000 parts/million
carbon monoxide. Installed cost of this incineration sys-
tem was $2.5 million. Waste gas treated in this system re-
sults from air used to oxidize butene to butadiene. The
waste gas, after butadiene has been recovered in an oil
absorption system, is combined with other process waste
gas and fed to the incinerator. Waste gas enters the in-
cinerator between seven vertical Coen duct burner as-
semblies to be incinerated at 1,300°F with a retention time
of 0.6 sec. This incinerator, also designed by Henry Vogt
Machine Co., utilizes flue gas circulation. The benefit
achieved by recirculating flue gas is to incorporate the
ability to generate a constant 100,000 lb./hr. of 750 Ib./
sq. in. steam with variable waste gas flow. Waste gas flow
can range from 10% to 100% of design production rate.

The waste gas stream contains essentially no oxygen;
therefore, significant combustion air must be supplied.
Fresh air is supplied to the Coen duct burners by a sepa-
rate blower system. This system is designed to supply up
to 185,000 1b./hr. of new air. Since the air requirement is
quite variable and a significant boiler efficiency penalty
is incurred by supplying excess air, a continuous stack
oxygen analyzer was installed. This instrument, Westing-
house Probe Type Model 218, continuously measures the
oxygen in the 400°F exhaust stack.

The oxygen level in the stack is used to control the air
supply. The design oxygen level is 6%; however, the plan

70

is to incrementally reduce the oxygen to approach 27 if
acceptable pollutant removal is achieved. This incinerator
is fired with natural gas consuming about 130,000 std. cu.
ft./hr. Natural gas supplies 84 of the firing energy. The
additional 16 energy is supplied by the hydrocarbon con-
tamination of the waste gas stream. The incinerator was
recently completed and performance analyses have not

Table 1. Incinerator summary.

Maleic Oxo Houdry
Incin- Incin- “Puff”
erator erator Reactor
Waste Gas Flow,
Ib./hr. ..o 220,000.. 235,000..900,000 (total)
. 13,000
(Puff reactor)
-Contaminants,
wt.-T:
Hydrocarbon..... 0.25.. 04.. 0.5
Carbon
Monoxide...... 1.8.. 07.. —
Removal
Efficiency, %
Hydrocarbon..... 93.. 93.. 92
Carbon
Monoxide.. ..... 95.. 95.. —
Construction:
Year .............. 1975.. 1976.. 1975
Cost,$............ 1,750,000 ..2,500,000..725,000
Heat
Efficiency, %..... 85.. 82 .. 80
Natural Gas
Added, 5td.
cu. ft./hr...... vee. 80,000, 130,000,. 0
Retention
Time, Sec......... 0.7.. Q.5.. Q.3
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been completed. It is anticipated that the hydrocarbon
and carbon monoxide destruction will be around 90%.

Waste gas from the Houdry butane dehydrogenation
process is cleaned by what we call the “Puff” reactor.
The Houdry process dehydrogenates butane through an
1,100°F, fixed bed reactor until the bed cools about 50°F.
The reactor is then taken out of production service, re-
heated by hot air to 1,100°F, and then placed back in
service. The Houdrie. at Petro-Tex contain seven of these
reactors, which are alternately dehydrogenating and being
reheated. Pollutants are emitted during the transition from
production to reheat. Petro-Tex collects the high concen-
tration of pollutants occurring during this transition and
passes them over a fixed bed oxidation reactor.

A detailed process and waste gas stream analysis show
that most of the hydrocarbon pollutants can be concen-
trated in about 19 of the regeneration (reheat} air flow.
This 13,000 lb./hr. of contaminated regeneration air,
which we call the “puff,” is diverted to a catalytic packed
bed reactor, which achieves a 927 hydrocarbon destruc-
tion. The puff reactor has a continuous 13,000-1b./hr. com-
bustion air flow at 1,150°F. Hydrocarbon contamination is
burned 1n 33 sec. during every 3 min. period, thereby
elevating this packed bed temperature 100°F. Constant air

flow in the remaining 2-1/2 min. removes the stored heat
from the puff reactor and carries it to the waste heat
boiler for recovery by steam generation. This hydrocarbon
stream is burned without the addition of new fuel, allow-
ing for a recovery of 3 million B.t.u./hr. of energy.

The puff process and equipment were designed by Petro-
Tex and installed at a cost of $725,000 for each Houdry.
The first installed puff reactor has been in service now for
about a year and a half, and to date there has been no
decline in efficiency of pollutant removal.

Condensation systems

Petro-Tex utilizes condensation to remove a relatively
high (up to 98%%) hydrocarbon concentration from small
noncondensable waste gas flows. Five such systems will be
described. The main advantages of condensation are that
the product may be recovered and the relatively low energy
requirement to remove the contamination, The basic in-
formation on the condensation system is summarized in
Table 2.

The first system is a shell-and-tube exchanger installed
on our neoprene monomer isomerization tower, Figure 2. A
shell-and-tube exchanger cooled by —2°F brine solution
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was installed to treat a total waste gas flow of 331 ib./hr.
This exchanger condenses 81¢+ of the contained hydrocar-

bon with an energy requirement of 22,000 B.t.u./hr. The
hvdrocarbon recovered is returned to the process for uti-
lization.

The second condensation svstem, also a shell-and-tube
exchanger, was installed on the waste gas from the neo-

prene monomer topping column shown in Figure 2. Total
waste gas flow of 550 lb./hr. passes over a shell-and-tube
exchanger cooled by a -2°F brine, showing an overall
hydrocarban removal efficiency of 997:. The heat load
on this exchanger is 93,000 B.t.u./hr. Recovered hydro-
carbons, in this case unusable by-products, are collected
in a waste organic tank and incinerated.

The third condensation system is a direct-contact cooler
in which chilled water 1s spraved into the waste gas flow
to wash and condense about 43¢ of the contained hydro-
carbons. [t 15 seen in Figure 3. This system is installed in
the neoprene polymer plant where neoprene latex is manu-
factured in batch reactors. Upon each charging and empty-
ing of a polymerization reactor some waste gas must be dis-
placed. A waste gas vent collection system was installed
tying all the vessels in the process together. Collected waste
gas1s discharged 1nto the direct-contact cooler.

One of the particular problems faced in this area was
the rather regular carryover of the latex solution in the
vent gas header system. Presence of the latex precluded the
use of a shell-and-tube exchanger to cool the waste gas
stream due to the expected high rate of fouhng. Fouling
is the principal reason a direct-contact cooler was chosen.
About 3 gal/min. of chilled water is sprayed into the
waste gas flow of 275 Ib./hr. The temperature of the waste
gas is reduced to about 44°F, resulting in the condensa-
tion of 43 of the contained hydrocarbon. Exit gas from
the direct-contact cooler is then treated in an absorption
system, which is described later in this article. The heat
load on this direct contact cooler is 110,000 B.t.u./hr.

A series of three shell-and-tube heat exchangers is in-
stalled to treat the waste gas produced as a result of
steam-stripping latex to remove any unreacted monomer,
as shown in Figure 4. This series of exchangers treats a
total gas flow of 2,875 lb./ hr., which is mostly steam and
chloroprene. The first exchanger in the series operates with
cooling tower water which is at about 85°F. This ex-
changer removes most of the steam but does not remove
any of the monomer. The second exchanger 1s cooled with
36°F brine and removes most of the remaining water and
about 98 of the contained monomer. The final exchanger
is cooled with —2°F brine solution and removes most of

Table 2. Condensation systems.,

Neoprene
Monomer**
Isomerization

Neoprene
Monomer™
Topping
Column

Neoprene
Polymer
Emergency
Dump System

Neoprene Neoprene
Polymer* Latex
Vessel Stripper

Vents Vent

Type of Heat Exchanger
Waste Gas Flow, lb./hr.

Hydrocarbon
Waste Gas Flow, lb./hr. Total
Hydrocarbon Removal

Efficiency, % cooiieviiiiiiia 81
Heat Load, B.t.u./hr. ................. 22,000

Operating Temperature, °F
Construction:

*Waste gas exit this syatem s further treated in absorption system
*"shell-and-Tube
tIhirect contact with water

72

..DC

...15,200 Hcb. Total
..32,000 total Dump

99.995
..10,000 Steady State
3 Million Heat
Sink/Dump
.40 to 75

....1974
......... 120,000....250,000
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efficiency of the system is 99.8%.
One of the significant operating problems that occurred
on this system was water freezing in the —2°F condenser.
Enough water vapor passed through the 32°F condenser to
form ice crystals on the —2°F condenser and eventually
plug it. Plugging of this exchanger of course substantially
reduced its efficiency as a pollution control device and up-
set the stripping operation, which is under a partial vac-
uum. The solution finally developed to cope with the icing
problem was the injection of a very small flow of methanol
vapor into the inlet of the —2°F condensers. A nitrogen
stream is bubbled through a drum of methanol to becorne
saturated with methanol vapors. The flow of nitrogen is
controlled to carry the needed 2 lb./hr. of methanol to
each exchanger to keep them de-iced. Methanol de-icing
has been in use for about two years and has corrected an
extremely difficult operating problem. Heat load on this
series of exchangers 1s 1.2 million B.t.u./hr. with 90% of
the heat load being used to remove the contained steam.

The neoprene polymerization kettle emergency dump
system is installed to prevent hydrocarbon emission to the
air when a hot polymerization charge occurs, Figure 5.
Polymerization of chloroprene to neoprene is a controlled
exothermic reaction. Infrequently the temperature gets out
of control, causing overpressuring in the polymerization
vessel, The pressure is relieved at 15 1b./sq. in. gauge, for
safety reasons, by a rupture disc. When the rupture disc
relieves, about 15,000 lb. of hydrocarbon can be vented to
the atmosphere.

The installed quench vessel contains about 12,000 gal. of
40°F water, which serves as an instantaneous 3 million
B.t.u. heat sink to cool the ejected ““hot charge.” The “hot
charge” enters the main, 11 x 25 ft. quench vessel through
a 20 ft. inverted weir trough, which is partially submerged
in the cool water. The weir serves to provide intimate con-
tact between the hot liquid/vapor and the cool water. The
quench system will receive the entire heat load in about
30 sec. Any vapor not condensed 1n the main vessel passes
to a smaller, second vessel where it is again contacted
with 40°F water. It was calculated that the hydrocarbon
loss from a “hot charge” is about 0.005%. Water in the
quench vessel is cooled to 40°F by pumping through an
external shell-and-tuhe heat exchanger. It takes 3-1/2
days to cool the inventory of water and 10,000 B.t.u./hr.
to keep it cool.

-

Absorption systems

Petro-Tex has installed two absorption systems utilizing
o0il to absorb hydrocarbon from nitrogen waste gas streams.
The basic information on these absorption systems is sum-
marized in Table 3. The first of these is installed in the
neoprene rubber polymer section, Figure 4. In this part of
the plant, chloroprene is polymerized in batch reactors to
make a neoprene latex. Since this is a batch operation,
there are contaminated vapors displaced from the reac-
tors each time they are filled. The displaced gas contain-
ing up to 50% hydrocarbon is collected 1n a vent header
system and cleaned by the direct-contact cooler previously
described.

After passing through the direct-contact cooler, the
waste gas enters the five-stage oil absorption tower. The
hydracarbons are absorbed in the 45°F oil. The oil is a
mixture of paraffinic and aromatic oils, which reduces the
tendency for polymerization of the contained hydrocar-
bons within the tower. This is a spray tower with five
independent oil circulating, cooling, and spray systems.
Fresh oil starts at the top of the tower with no absorbed
hydrocarbon and works down through each of the five
stages until the oil at the bottom of the tower contains
about 3% hydrocarbon.

CEP August 1977

Neoprene
Neoprene Polymer
Monomer Vent
Absorber Absorber

Spray Tower Stages ................ 2 ... 5
Waste Gas Flow to ABS*

Hydrocarbon, Ib./hr............ 31 ... 72
Waste Gas Flow, Total,

Ib./RE, i 36 ... 187
Absorber Efficiency, e ....oouu.. 90 ... 97
Heat Load, B.t.u./hr. ............. 13,000..... 330,000*
Operating Temperature, °F ...... 65 ... 45
System Efficiency Including

Condensation, % .......ovveeunns 99.5 ... 98 4
Construction;

D7) R 1975 ..... 1974

Cost, § oone v, 60,000 ..... 300,000

*Includes heat load for recoveny of hydrocarbons.
“=Absorber

Total waste gas flow to the contact cooler/absorption
system is 275 |b./hr,, containing about 125 lb./hr, hydro-
carbon contamination. The designed discharge for this
system is 2 lb./hr. hydrocarbon. Tests on this system have
shown less than 1 lb./hr. discharged to the atmosphere,
This results in an overall efficiency in excess of 98% hydro-
carbon removal. The recovered hvdrocarbon is stripped
from the oil and returned to our process for further uti-
lization. The cost of this installed system, which has been
in service for two years, amounted to $300,000.

The second absorption system is installed in the neo-
prene monomer plant, Figure 3. This system treats waste
gases generated by our installed vacuum system. Several
distillation towers are operated under a partial vacuum
induced by steam jets. The absorption tower treats a waste
gas stream of 36 lb./hr. containing 31 Ib./hr. of hydro-
carbon contamination. It flows into a two-stage oil spray
tower that operates under 100 mm. mercury pressure.
About 909, of the contained hydrocarhon is absorbed in
the spray tower. Absorption fluid is a process heavy ends
stream that is chilled to 65°F. The lean oil is sprayed into
the top of the tower. The bottoms circulating system re-
circulates the oil to the second-stage spray and feeds 850
Ib./hr. hydrocarbon contaiming oil to the waste storage
tanks. The cost of this installation was $60,000. It has been
in service for two years. #

s =

R. D. Pruessner, superintendent of environ-
mental controf tor Petro.Tex Chemical Corp .15 an
active member of the Air Pollution Contraf Assn.
the Water Poilution Control Federation, and the
Amernican Chemical Society, He earned his B 5
at Texas A&l Unuv,

L. Db, Broz, environmental control specialist {or
Peiro-Tex, 15 primanly involved in air pollution
control activities for the company Before joiming
Petro-Tex, he was an assistant engineering group
superusor, environmental permits, for Bechtel
Power Corp, Broz earned an M.3, at Southwest

. Texas State Univ
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enneco Chemicals

Tenneco Company

(=2 §
PAGE

DATE:

" PUMP CALCULATION SHEET

>

o ’ Indicate pressure and elevationg
for each equipment item.

[

SUCTION PRESSURE LIQUID. T
Origin Pressure - psia PUMPING TEMP. - °F =
Static Head psi VISCOSITY @ OF cp =
Line Loss P psi VAPOR PRESS. @ F psia=
PUMP SUCTION PRESSURE psia SPECIFIC GRAV, @ °F =
NET POS11IVE SUCTION HEAD #/GALLON @ °F =
Static Head - feet GPM @ 60°F =
-Line Loss  feet GPM @ °F =
+Vapor Press. Correction¥* feet
AVAILABLE NPSH "~ """ ~ ~ "~ feet
DISCHARGE PRESSURE [ DIFFERENTIAL PRESSURE
Delivery Pressure psia Discharge Press. psia =
Static Head psi Suction Press. psia =
P Control Valve(s) psi psi =
TOTAL PUMP
P Exchanger (s) psi . 4 feet =
P Furnace(s) psi GPM DESIGN =
. P Orifice(s) psi
Line Loss P psi BRAKE HORSEPOWER
Other psi - 2.
PUMP DISCHARGE PRESS. psia BHP = 4 gemx g¢wpsi = 213
e 1715 x O« (» Pump Eff, ]
MAXIMUM . SUCTION . PRESSURE Pump Name «
Vessel §. V. Setting psia P e
Static Head psi P”mP_NEii_m_,_ - —— L
NET psi_é___ 1 o
MAXTMUM DISCHARGE PRESSURE 7
fax. Suction Press. . _ psia f
Normal Pump P psi
NET psia ‘

*Use for liquids NOT at their bubble polnt.
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enneco Chemicals _

Tenneco Company

BY
PAGE

.. ‘ DATE:

" PUMP CALCULATION SHEET

L

LI

Indicate pressure and elevation
for each equipment item.

1

*Use for liquids NOT at their bubble poﬂnt.{

COLORITE 006522

SUCTION PRESSURE LIQUID. -
Origin Pressure - psia PUMPING TEMP. - °F =
Static Head psi VISCOSITY @ °F cp =
Line Loss P psi VAPOR PRESS. @ “F psia=
PUMP SUCTION PRESSURE psia SPECIFIC GRAV. @ °F =
(o)
NET POSITIVE SUCTION HEAD #/GALLON @___ °F =
Static Head _ - feet GPM @ 60°F =
-Line Loss  feet GPM @ ° =
+Vapor Press. Correction* feet
AVAILABLE NPSH™ T ~ - " feet 3 o _
DISCHARGE PRESSURE - ' | DIFFERENTIAL PRESSURE i
Delivery Pressure psia Discharge Press. psia =
Static Head psi Suction Press. psia =
P Control Valve(s) psi TOTAL PUMP P fPS; :
P Exchanger(s) psi . eet =
P Furnace(s) psi GPM DESIGN =
- P Orifice(s) psi
Line Loss P psi BRAKE HORSEPOWER
Other psi -
3 = o si = &R
PUMP DISCHARGE PRESS. i BHP J gpmx /O p -4
psia 1715 x 0. % Pump. EfE |
MAXIMUM : SUCTION. PRESSURE \
n B Pump Name:
Vessel S, V. Setting psia
Static Head ) psi P”?E_F?rj_, . L ———
NET psla :
MAXIMUM DISCHARGE PRESSURE |
Max. Suction Press.” . _ psia |
Normal Pump P psi :
NET psia ;




Tenneco Chemicals —

A Tenneco Company

fr==t BY
(necy) PAGE

DATE:

| PUMP CALCULATION SHEET P )

C o

Indicate pressure and elevations
for each equipment item.

SUCTION PRESSURE LIQUID
Origin Pressure psia PUMPING TEMP. ) °F =
Static Head psi VISCOSITY @ OF ¢p =
Line Loss P ij. VAPOR PRESS. @ F psia*
PUMP SUCTION PRESSURE psia SPECIFIC GRAV, @ °F =
NET PUSITIVE SLUCTION HEAD #/GALLON @___°F =
Static Head _ - feet GPM @ 60°F =
-Line Loss feet GPM @ °F =
+Vapor Press. Correction* feet
AVATILABLE NPSH " feet
DISCHARGE PRESSURE ' | DIFFERENTIAL PRESSURE
Delivery Pressure psia Discharge Press. psia =
Static Head psi Suction Press. psia =
P Control Valve(s) psi TOTAL PI.IMP P fpSl :
P Exchanger(s) psi eet =
P Furnace(s) psi GPM DESIGN =
P Orifice(s) psi —
Line Loss P psi BRAKE HORSEPOWER
Other psi
- = i=.3G
PUMP DISCHARGE PRESS. BHP vogpm X /O psi
psta 1715 % 0 f Punp Eff. .
MAXIMUM . SUCTION. PRESSURE T
- . Pump Name:
Vessel S. V. Setting psia
Static Head psi Pump No.:
NEL psia
MAXTMUM DISCHARGE PRESSURE
fax. Suction Press, _ psia
Normal Pump - P psi
NET psia

*Use for liquids NOT at their bubble polat."
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