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REVIEW OF HYDROCARBON EMISSIONS
RELATED TO COAL TAR PITCH

E. F. Bart, S. A. Visnic, P. A. Cerria

A11ied Chemical Corporation
Morristown, New Jersey 07960

Summar

Coal tar pitch is used primarily as a binder in the manufacture of
carbon electrodes for the aluminum and steel industries. The pitch repre-
sents the main product from the continuous, high-temperature distillation
of coke oven tar. the pitch is produced and generally handled as a liquid
at high temperatures, thus resulting in a potential for hydrocarbon
emissions during its handling.

An ever-increasing need for control of hydrocarbon emissions has
resulted for process and storage equipment since amendments were made in
1977 to the Clean Air Act. Within the next several years, most industries
will be faced with requirements for the installation of air pollution con-
trol equipment. This paper deals with the types of emissions and methods
used in quantifying and controlling emissions from coal tar pitch storage
equipment. To better understand the nature of coal tar pitch, a brief
description is given of its origin, chemistry and physical properties.

Coal Tar Distillation

Coal tar pitch is the residue from the distillation of coal tar and
represents from 30% to 60% of the tar. It is a complex, bituminocus sub-
stance and has been estimated to contain about 5,000 compounds. Of these,
less than 130 have been isolated and identified,

The present-day process for fractionating cpal tar primarily used in
industry is continuous distillation. The first step is the removal of water
from the coal tar. When coal tar is received, it contains from 3% to 10%
water. This water is generally removed by pumping the coal tar from a
storage tank through a series of heat exchangers to increase the temperature
from about 1759F to about 400°F. The primary heat source s supplied by the
011 and pitch products leaving the distillation process. A steam heater, or
small furnace, is used to provide any secondary heat required. The 4000F
tar enters a fractionating column-vapor box arrangement in which the water
and light 0il are vaporized. The vapors exit the top of the distillation
column and pass through a condensing system. The light oil-water mixture
is separated as a result of the difference in their specific gravities.

Some of the light oil is refluxed back to the column in order to control the
top of column temperature. The water, which is contaminated with phenolic
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and ammonia compounds, is fed to a water treatment facility. The dry tar
that exits the vapor box is called dehydrated tar and contains approxi-
mately 0.1% water or less.

The second step in the process involves heating the dry tar to a
temperature of 600°F to 6500F in a furnace to remove approximately 20%
of the lighter boiling fractions (one and two-ring compounds) present in
the coal tar. This portion of the distillate is often called chemical oil,
and contains Tow-boiling tar acids and naphthalene. This hot tar enters a
fracticnating column that may be operating at reduced pressure. The
general purpose of the column is to separate the vapors that flash into
two or three fractions that are further processed to produce high-purity
naphthalene, tar acids, and creosote 0il components. The vapors are con-
densed with a portion of the condensate being refluxed in order to main-
tain the top of column temperatures as desired. The tar leaving this
operation is called topped tar.

The third step is removing another distillate which contains approxi-
mately 30% of the higher boiling fractions (three, four, and five-ring
compounds). The product is called c¢reosote oil. Primary components are
acenaphthene, carbazole, fluorene, phenanthrene, pyrene, anthracene,
fluoranthrene, chrysene and picene. The topped tar enters a fractionating
column-vapor box arrangement where the vapors are separated into two or
three components. As in the other two steps, condensing and reflux are
used to maintain desired temperatures. Most coal tar distillers have the
capability to operate at reduced pressures in this step., The distillation
results in the production of light creosote oils, heavy creosote oils, and
coal tar pitch. Figure 1 recaps the flow of materials in a typical coal
tar distillation unit.

Physical Properties and the Chemical Structure

The chemical composition and also the physical properties of pitch
depend on several factors. Among these factors are the nature of the
coking process from which the tar is derived, the nature of the distilla-
tion process by which the pitch is separated, and whether the final pitch
is a blend of pitches, or a direct product.

Al1 pitches are brownish-black or black in color and have a "tarry"
odor, probably due to trace quantities of naphthalene and phencl not re-
moved during the distillation process. The pitches can range from viscous
1iquids at room temperature to materials which are brittle solids.

The only fractions of pitch from which pure chemical compounds can be
isolated and analyzed are the distillate oils. The compounds positively
identified consist mainly of polynuclear aromatic hydrocarbons or hetero-
cyclic compounds containing three to six rings. The part of coal tar pitch
which is sufficiently volatile to distill, appears to be made up of the
same oils which are present in crude tar, but are partly removed in con-
verting tar into pitch. The major isolated compounds progress, as the
boiling range is increased, from single ring benzene, thiophene, and
pyridine derivatives to those containing one six and one five-membered
ring (indene, indole), then to the naphthalene and quinoline series, and
finally to three-membered ring systems {anthracene, phenanthrene as shown
in 1966 in Hoiberg (4)). It is because of the complexity of this hetero-
genous mixture that coal tar pitch is so difficult to completely collect
and analyze.
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Types of Emissions from Storage Tanks

The physical properties and chemical composition of coal tar pitch
dictate that it normally be stored in fixed roof storage tanks rather than
floating roof tanks. Because of its high softening point and the tendency
for its vapors to condense and crystallize, a floating roof storage tank is
not recommended for fear of fouling of the seal and hence immobilization of
the tank roof. We will, therefore, concentrate only on emissions from the
storage of coal tar pitch in fixed roof tanks,

Hydrocarbon emissions, or evaporation losses, occur when evaporated
hydrocarbons escape to the atmosphere. Evaporation losses from fixed roof
tanks may be divided into two categories; breathing loss and working loss.
Breathing Toss is associated with thermal expansion and contraction of the
vapor space resulting from the daily temperature cycle. They include
vapors expelled because of the thermal expansion of existing vapors, and/or
expansion caused by barometric pressure changes, and/or an increase in the
amount of vapors from added vaporization in the ahsence of liquid Tevel

change, except that which results from boiling as shown in 1976 by Burklin ]

and Honerkamp (3). . !

Working loss is associated with a change of liquid level in the tank,
which may include both the displacement of vapor by a rising 1iquid surface
and the outbreath of vapor following a rapid withdrawal. For most liquid
materiais, the filling loss occurs when the liquid transferred into the
storage tank displaces an equal volume of air, saturated or nearly
saturated with hydrocarbons, and vents the air to the atmosphere. However,
coal tar pitch, because of its high temperature, also has working losses
from the expansion of the vapor space due to an increase in temperature
caused by the hot, incoming pitch. This init{ial expansion of the vapor
space results in the following:

(1) The initial rapid air expansion causes high
emission volume until the air is displaced.

(2} The air contacting the initial pitch vapors
produces condensation and c¢reates an aerosol.

Because of this mixture of air, 2erosol and pitch vapor, and the large
increase in vapor volume, control of pitch emissions becomes a different
and difficult control problem.

tstimation of Emissions

Mathematical Methods

Several methods exist for the quantification of emissions from storage
tanks. The most widely accepted method for estimation of emissions from
fixed roof storage tanks is the API method (1) for breathing losses and
working losses. The equation for estimation of breathing losses is:

- 24

p
LY = Yooo (TET7:F) 0.68 5 1.73 [0.51 4 O.SOFPC
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Where:
~itch ! - :

ar than : Ly breath1n971055 {bbls/yr)

Eggﬁzc¥s P = true vapor pressure at bulk liquid temperature (psia)
ation of - . '

rom the D = tank diameter (ft)

H = average outage, including correction for roof volume (ft)

rated : ‘ - ; . 0

2d roof T = average daily ambient temperature change {°F)

g loss. Fp = :

of the p = paint factor

de € = adjustment factor for small diameter tanks

, and/or

in the

Evel]. _ . The preceding equation is generally applicable for gasoline storage
urklin tanks. For correcting the losses for other materials, the following

correction is generally used by the API:

e tank, . - (0.08 M;)

surface Lb W Ly

1iquid :

the Where:

However, Lb = breathing loss (bbls/yr)

gaizs M = molecular weight of vapor (1b/1b mole)

ipor W = condensed liquid density of vapor (1b/gal)

When density data for the condensed vapors cannot be obtained, the
original breathing loss equation can be used for coal tar pitch and other
materials by using the density of the stored liquid.” The equation becomes:

. P ‘ .
Ly = P(M—T_-F) 0.68 |3_1..73 y 0-51 4 0.50 oo ¢
he large
arent
Where:
Ly = breathing loss (1b/yr) _
o P = density of stored liquid (1b/gal)
g{orage The API equation (2} for estimating working losses is:
from £ - 2.25 PV Kt
and = 0,
Where:
F = working loss (bbls) _
P = true vapor pressure at bulk 1iquid temperature {psi)
V = volume of Tiquid pumped into tank (bbis)

Kt = turnover factor
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The same equation is used to calculate the working losses for tanks
containing other liquids by adjusting it with the 0.08 M/W term,

Once again, should density data for the condensed vapors be in-
accessible, the equation can be used with the liquid density to yield:

L P 225V Kt
=S 10,000

Where:
F = working Toss (1b/yr)

P = density of stored liquid {1b/gal)
¥V = volume of liquid pumped into tank (gal/yr)

Recently, further studies in 1978 by Wilson (7) have been conducted on
the estimation of working losses. The studies have evolved around the two
basic assumptions of the APl equation:

(1) The vapor space in the tank is saturated.

(2) Every barrel of oil pumped into the tank displaces
5.61 cubic feet of vapor.

From field studies, Wilson found that both assumptions are incorrect
the majority of the time. For storage tank operations, the amount of vapor
forced out of the tank should only be calculated by the total upward move-
ment of the 1iquid level, since in many cases, the liquid is pumped out at
the same time it is pumped into the tank.

The studies by Wilson also showed that the average vapor concentration
in storage tanks was 66% of the theoretical saturated vapcr concentration.
Using the 66% saturation and the total upward movement of the liquid level,
the working Toss equation becomes:

E= (1.2 x 10°%) pvm
Where:
E = emissions (1bs)
P = true vapor pressure at bulk Tiquid temperature (psia)
M = molecular weight of vapors (1b/1b mole)
V = volume of displaced vapors (scf)

In the preceding breathing and working loss eguations, the vapor
pressure for liquid pitch is used. The curve for 110°C softening point
pitch is shown in Figure 2 as developed in 1969 (6).
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Another method for estimation of.working losses which has been used
on coal tar pitch storage tanks is a model based on the expansion of the
vapor space when hot pitch is pumped into the tank as shown in 1975 by
Hooker (5). Sénce pitcg is pumped to storage tanks at temperatures any-
where from 300°F to 750°F, the expansion of the vapor space and corres-
ponding vapor emission is much greater than breathing losses or working
losses due to the displacement of the vapors. This model, therefore,
becomes useful for obtaining the maximum emission rate when first pumping
hot pitch into a relatively colder storage tank., The method assumes that
the inlet to the tank jis a submerged fill pipe used to reduce contact
between the incoming pitch and the air space.

The volume of pitch vapor given off over a short interval, say one
minute, of time when pumping into a tank is estimated as follows:

- L (st) ()]
Where:
E = vapor emissions (cubic feet)
F = inlet pitch fTow (gpm)
ts= vapor space temperature at start of inter#a1 (OF)

Ats = %Ba?ge in vapor space temperature during the interval
F

Vt = tank capacity (gal)

Vp = volume of pitch in tank at start of interval (gal)
Simplifying the above equation gives:
- Ats _
=013 [F+ (e (Vt -]
The change in the vapor space temperature is expressed as follows:

Ats = 1 [Ep Up {tp - ts) ~ Aw Uw (ts - ta?]

WsH
Where: BTU
U = heat transfer coefficient ( i F)
A = heat transfer area (square ft.)
t = temperature (°F)

W = weight of vapors (1bs)

H = heat capacity of vapor (nggg—-)

sub a = ambient

sub p = pitch surface

sub s = vapor space in tank

sub w = uninsulated wall and roof surface
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Typical values for U and R used for coal tar pitch ca]cu]at1ons are
1.5 and 0.25 respectively.

The equation for calculating w is:

] 520 vt -
Ws = 0.0763 (ts T A8 ) (—T—gﬂ)
*520

Combining the last two expressions and dropping the term Ts + 360

45 an unnecessary refinement, gives the simplified equation for calculating
the change in vapor space temperature { Ats):

Ats = 9.8 [D (tp ;ttf - Aw (ts - taﬂ

Using no larger than one minute time intervals over a given time, the
total vapor flow and the weighted average vapor temperature can be de-
termined. By using the total vapor flow, the weighted average vapor
temperature, and the field-measured final vent temperature, the amount of
pitch (oil) vapors emitted can be determined by the following expression:

Wo = L E 520 ) M
sa + 380 T 760 - P 379
Where:
Wo = amount of pitch (0il) vapor discharged (1bs)

tsa = weighted average vapor temperature (OF)

Py = o0il vapor pressure at weighted average vapor
temperature (mm Hg) -
Py = 0il vapor pressure at weighted average final vent

temperature (mm Hg)
M = molecular weight of cil vapors {1b/1b mole) = 160

If a very short tank vent exists, the tank Qapor temperature'
essentially equals the final vent temperature and the equation becomes:

Since the above emission calculation is based on the vapor volume
emitted, the vapor pressure data utilized is for coal tar crecgsote oil
which is actually the material emitted from coal tar pitch. A vapor
pressure curve for creosote 0i1 is also shown in Figure 2.
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Sampling and Analytical Methods

Many methods have been used for determining hydrocarbon emissions
from coal tar pitch and other liquid storage tanks. One widely-used
method is the collection of vapors in an evacuated bottle. The vapors are
then analyzed using a gas chromatograph equipped with a flame ionization
detector (FID). Using the vapor concentration and the tank vent vapor rate,
the actual mass rate of emissions {s obtained.

In order to obtain a more reprasentative sample, a longer sampling
time is reguired. This can be accompiished by using a sampling train and
portable vacuum pump to condense and collect the vapors in a known solvent
or solvents, A typical sampling train is shown in Figure 3, Since coal
tar pitch is comprised of mostly "heavier” hydrocarbons, hexane can be used
as a solvent although consideration of solvent Toss during the sampling
period is important. After sample collection in the solvent, the sample
is analyzed using a gas chromatograph with a FID. The collected sample can
be further analyzed using a mass.spectrometer to distinguish individual
compounds. However, this is not required if only the mass emission rate is
necessary. Gas flow rates from a tank vent are generally measured using a
pitot tube,

Another method which is becoming more and more popular is the use of a
portable hydrocarbon vapor analyzer. The unit gives a direct readout of
hydrocarbon concentration (in ppm) and when interfaced with a recorder will
show the different peaks in a chromatogram.

As a result of the ease and speed of these analyzers, many samples can
be taken to give an accurate picture of the vapor constituents. It is
because of the great flexibility of these units that their use has become
increasingly popular, as shown by the EPA's field use. Their use could
possibly become the approved method for determining hydrocarbon emissions.

Control Equipment

Condensing equipment, ejector-yenturi scrubbers and electrostatic
precipitators are the more common methods for controlling hydrocarbon
emissions from coal tar pitch storage facilities. Several types of con-
densing systems can be utilized. Waterbox condensers consist of cooling
coils submerged in a water bath. The temperature of the water should be
kept above 1759F to preyent the possible plugging of the coil by the
crystallization of naphthalene and other compounds,

Sheli-and-tube condensers can alsoc be used to reduce pitch emissions.
Once again, tempered water must be employed to prevent the plugging of the
condenser. The shell-and-tube condenser is more susceptible to plugging,
but is used because of the higher efficiency and lower space requirements.
Because of their smaller size, the shell-and-tube condenser can be con-
veniently located on top of the storage tank.

Air-cocled condensers are used where tempered water systems are
impractical. Air-cooled condensers for coal tar pitch vapors actually
have large diameter vent piping arranged in a coil-like pattern, They use
the ambient air to condense the pitch vapors. These condensers are less
efficient than water-cooled condensers, but are advantageous because they
are less susceptible to plugging and do not need a water system,
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. Ejector-venturi scrubbers have seen much use for controlling S Sub
B emissions from pitch tanks. This scrubber works on the same principle as a e the con
- steam ejector; a high velocity spray creates a slight draft or vacuum and iy in the
;] draws the vapors into the scrubber where the vapars are thoroughly mixed P reducin
g and scrubbed by a scrubbing liquid. - The scrubbers are more practical when T akad " expansi
s a high boiling coal tar solvent cansbe used as the scrubbing Tiquid, rather : -
DL than water.. By using a coal tar solvent, the scrubber performance is in-. - . Alt
T creased since the solvent gives improved scrubbing and condensing effects = .. R ", . do find
- because of the solvent's compatibility with the pitch vapors. By elimina- - - greatly
2 ting the use of water as the scrubbing liquid, the need for treatlng the S reducin
3 scrubber waste water is also eliminated. . _ S equipme
N Small scrubbing units can be operated for each tank or a large, . COIGE The
-z centrally located scrubber can be used on several tanks. For units e <] depende
& operating on AP] atmospher1c storage tanks, special precautions must be . ) = require
= taken when the unit is cperated under a no-load or small vapor flow con- - - -"-Z23@ equipme
dition. The unit can develop increased vacuum when the pitch vapor rate . = . 3Hg
decreases substantially. This condition exists after the tank vapor space
has expanded due to the high pitch temperatures. Once the vapor space
.-. temperature has stabilized, the vapor emission rate is greatly reduced and
L a vacuum increase will result from the scrubber. Extreme care must, there-
g’ fore, be taken to eliminate the possibility of a vacuum increase wh1ch )
ST could resylt in the collapse of the storage tank.
T ' 1.
: One of the newer methods of controlling pitch emissions is with low-
" voltage electrostatic precipitators. Because of the intimate contact -
ok between the air in the tank and the incoming hot pitch, pitch vapor e 2.
i - emissions 1n1t1a11y consist primarily of an aerosol: An electrostatic. £
I precipitator removes the 1iquid aerosol droplets very effectively by - R
o electrically charging the liquid particles and later collecting the charged - 3 3.

particles on opposxte]y charged collecting plates,

The major drawback of the electrostatic precipitator in pitch.service
is the maintenance required to clean the collecting plates. .Since the
e collected particles are a semi-liquid rather than either liquid or solid, R
| it is very difficult to incorporate a self-cleaning system into the unit, R 4,
ST Therefore, most electrostatic precipitators are used on batch 1nsta11at1ons ;
e where time is available to manually clean the unit:

In addition to the control equipment previously mentioned, several -.
methods exist which will give minor reductions in pitch emissions.. The . == -~ HEgEl 6.
methods are relatively inexpensive and, depending on the allowable . oA
emission rate, may be satisfactory. They include the use of breather - ) .
va!ves and submerged f1TI pxpes- . ',; ;‘ T L j.~__:'*' . : - 7.
Breather va]ves “or. conservation vents allow a s11ght pressure and
vacuum on the tank “to reduce or eliminate" the normal breathing 1osses.j;u<-

|
.
i

Breather valves will not generally handle the working losses, unIess a high - ‘ < %
225 pressure setting is used; but care must be taken so the pressure setting St
3= does not exceed the tank's pressure rating. In addition, the- breather :
- valves must be cleaned period1ca]1y to prevent buildup of sem1 11qu1d
£F materials. T A
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Submerged fi11 pipes are utilized on many installations. They .reduce
the contact between the incoming pitch and the air/vapor mixture already
in the tank, by introducing the material into the bottom of the tank. By
reducing. the contact between liquid and vapor, there is less vapor, space
expansion and less aerosol formation. ,,

Although the submerged fill pipes do not greatly reduce em1ssions, they
do find use in conjunction with other control equipment. The dip- legs
greatly enhance the capabilities of condensing and scrubbing equipment by
reducing the vapor load and quantity of aerosol sent to the control
equipment.

- :j-

The exact control equipment or comb1nat10n of control equipment is
dependent on many factors. Therefore, details of tank operations “and
requ1rements of air agencies should be thoroughly researched before control
equipment {s selected. T
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