INDUSTRIAL PITCH QUALITY OF THE FUTURE
E. R. McHENRY

KOPPERS INDUSTRIES INC.

Abstract

Industrial pitches are produced from various crude tar sources containing
different properties and processed at varying conditions. The uniformity
of pitch is monitored (or measured) by the typical characteristics of the
pitch, such as softening point, quinoline insoluble, beta resin, coking
value and viscosity. This presentation will focus on the relationship of
these characteristics to pitch (both present and future) application as a

binder for anodes and cathodes.



I. INTRODUCTION

We consider the term Industrial Pitech for the aluminum
industry and commercial carbon and graphite business to be
the distillation residue of tars from either high tempera-
ture coal by-products coke oven operations or certain
petroleum cracking processes. The next decade will see
changes in pitch raw materials, processing, and application.
I will describe the characterization, sourcing, production,
and carbon production application of pitch. Finally I will
discuss the future trends in pitch characteristics and
encourage close cooperation between pitch suppliers and

customers.

IT. TYPICAL CHARACTERISTICS OF PITCH

Typical characterization methods used by Koppers Industries
are summarized in Table I. Additional instrumentation
methods sometimes used during special studies are listed in
Table II. We recommend that testing methods be standard
throughout the worldwide industry. We further recommend that
the same pitch specifications be used in given geographical
areas. The appendix will assist one in understanding some
of the general pitch characterization.

ITI. SOURCING OF TARS

A. CRUDE COAL TAR

1. COAL

The common banded type of bituminous coal is the
principal feed for commercial by-product coking
operations. This type of ccal is further subdi-
vided according to rank or fixed-carbon content,
as follows: high volatile A, high volatile B and



Table 1

COAL TAR PITCH PROPERTY MEASUREMENTS

BY KOPPERS INDUSTRIES INC.

CHARACTERIZATION UNIT METHOD

Water Content wt.% ASTM D 95

Softening Point °C ASTM D 3104

Distillation to 360°C wt.% ASTM D 2569

Volatility to 350°C wt.% ASTM D 4893

Viscosity cP ASTM D 5018

Density, 2s5°cC g/cm’® ASTM D 71 (water) or D 4892
{helium)

Coking Value ﬁt.% ASTM D 2416 (Conradson) or D
4715 (Alcan)

Toluene Insoluble wt.% ASTM D 4072

Quinoline Insoluble wt.% ASTM D 2318 or D 4746

B-resin wt.%

TI-QI or method presently
being studied in ASTM D 8.17

Aromaticity Index

Infra Red

C/H Ratio Leco C-H~N Determinator

Ash wt.% ASTM D 2415« V

Sulfur wt.% Leco Determinator (high
temperature IR)

Elements rpm Atomic absorption

Primary, Secondary and vol. % ASTM D 4616

Coarse QI

Flash and Fire Points by °C
Cleveland Cpen Cup

ASTM D 92

Wetting °C

Koppers and other method

TABLE II. INSTRUMENTATION METHOD USED
FOR _ADDITIONAL PITCH CHARACTERIZATION

Nuclear Magnetic Resonance

(NMR)

Differential Thermal Analysis (DTA)

Thermogravimetric Analysis
Gas Evolution Analysis (GE)

(TGA)

Gel Permeation Chromatography (GPC)
High Performance Liquid Chromatography (HPLC)
Differential Scanning Calorimeter (DsC)

Gas Chromatography (GC)

Molecular Weight by Vapor Pressure Osmometry (VPO)




C, medium volatile, and low volatile. In the
production of metallurgical and foundry cokes a
blend of these coals is used to achieve ideal

coking and density properties.

In general, the coal tar yield increases with
coal rank. Tars produced from low temperature
carbonization (425-550°C) are influenced by the
coal charge. However, in tars from high tempera-
ture carbonization (850-1100°C), the influence of
coal composition is largely overcome by the
thermal decomposition of compounds which provide
characteristic differences in the low temperature
tars. Figure 1 illustrates the product yields
from a bituminous coal at temperatures from 500
to 1100°cC.!

2. BY-PRODUCTS COKING?

During the coking process both coal and the
primary volatiles are thermally decomposed into
a wide variety of relatively low molecular weight
substances - coal chenicals. The by-products
with the coke residue are separated as gas, light
oil, and tar. The yields and chemistry of these
products vary with the coal rank, the coking
equipment and the time-temperature cycle.

Figure 2 illustrates by-product flow from the
carbonization of coal in a slot oven at temper-
atures in excess of 900°C (1650°F). Typical
product yields from one ton of cocal are listed in
the table insert.

a. Coke

Coke amounts to about 70-75% of the charged
coal. Its quality for use in blast furnace
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or foundry applications is controlled by
selection of operating conditions and of
type of ccoal or blend of coals. The slot
ovens are operated to optimize coke quantity
and quality; consequently, the by-product
properties may not always be of the desired
gquality.

b. Tar, Ammonia and Light 0il

The coking volatiles are cooled in the
collection main by spraying with an aqueous
solution of ammonia. The 1less volatile
components condense as tar and an aqueous
solution of ammonia salts. The gases are
further cooled indirectly in the primary
cooler with a cold-weak ammonia liquor and
conducted through dilute sulfuric acid to
remove ammonia. The low-boiling hydrocar-
bons, principally "BTX’s", are scrubbed from
the gas stream with a light o0il and recov-
ered by distillation.

In a few plants condensation of the tar
takes place in two stages. First, the
heavier constituents ("heavy tar") are
collected, then the more volatile components
in the second stage ("light tar") are con-
densed. Although this separation is much
desired by the tar processor because it
gives greater freedom in the selection of
starting materials for pitch production,
there are few coke plants using tar separa-

tion.



c. Coke Oven Gas

The gas evolved from the condensation and
scrubbing process consists of about 25%
methane and 50% hydrogen, the remainder
being minor amounts of CO, CO,, N,, and other
miscellaneous hydrocarbons. In most coke
plants the gas is utilized as fuel for
heating the coke ovens and for general fuel
requirements.

A desired strategy used by the pitch produ-
cers 1is to have a variety of tar sources
which enables blending for application
requirements.

3. OVEN DESIGN

Coal tar specific gravity at 15.5/15.5°C can vary
from 1.00 to 1.25 depending on the oven design.
By-product oven tar gravity lies in the range of
1.145 to 1.22; the gravity reflects a correspond-
ing increase in aromaticity and insolubles.!

The volatiles distilled from coal are severely
cracked when exposed to the environment of the
oven carbonization chamber. The pyrolysis occurs
mainly in the open space above the carbonization
charge. Therefore, the higher the temperature in
the open space above the coke, the more aromatic
tar and natural quinoline insoluble (QI) are
formed.

The Koppers crossover flue design permits combus-
tion gases to flow in the upper portion and over
the top of the individual slot oven. Many of the
coke by-product batteries constructed from
European and Japanese design since 1945 do not



circulate hot gases to the upper section of the
oven. As a result of this design difference
these post-1945 ovens tend to produce lower QI

and aromaticity tars.

With the added emphasis on environmental control
beginning in the 1970’s, improved oven seals
resulted in an increase of natural QI in many
coal tar sources. However, when combined with
new charging techniques (stage pipeline, etc.),
an increase in other primary QI, including ash,
occurred. The higher ash levels resulted in the
rejection of many tar sources for binder pitch

application.

4. HANDLING OF TAR

A small amount of entrained ammoniacal liguor and
suspended solid matter are contained in the crude
tar. The type and amount of these contaminants
are dependent on the carbonization process and on
the storage time and temperature. It is desir-
able that the ammonium salts in the liquor be as
low as possible because they can cause corrosion
of the distillation equipment. The solids should
be controlled because they can cause process
blockage or abrasion, or pitch quality problens.

Alleviation of these problems is obtained by a
variety of techniques. The most common procedure
is decantation which enables the reduction of
both contaminants; i.e., the solids accumulate as
sedimentation and the liquor rises to the sur-
faces. Other methods include centrifugation,
filtration and anti-solvent sedimentation.
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PETROLEUM TAR

1. ETHYLENE CRACKER BOTTOMS (ECB)

Distilled ECB sometimes called pyrolysis fuel oil
(PFO), py-tar, or dquench o0il, was marketed as
pitch by Koppers and other companies about 20
years ago; however, because of supply and thermal
instability this market did not develop into a
profitable business. Present feeds to ethylene
crackers have become more aliphatic and variable;
consequently, the resulting residue oils are less
aromatic and result in significantly lower pitch
yields. We continue to monitor ECB samples and
evaluate new sources for potential applications.

2. CATALYTIC CRACKER BOTTOMS

Catalytic cracker bottoms can be used in blends
with heavier residues to obtain unique rheo-
logical properties. Although this tar has a low
pitch yield, it can be thermally cracked to
produce a more aromatic product which is dis-
cussed in the following paragraph.

3. THERMAL BOTTOMS

Thermal cracking 1is primarily associated with
premium coke feedstock processing. This process
is a phenomenon by which large oil molecules are
thermally decomposed into smaller lower-bciling
molecules; at the same time certain of these
molecules, which are reactive, combine with one
another to give even larger molecules than those
in the original stock.



Food

This is the basic building block used by Ashland
and Mobil and will be further discussed under

processing.
IV. PRODUCTION OF PITCH
A, BATCH
Figure 3
Batch Still Distillation
A given quantity of tar is
charged to a wvertical or
horizontal vessel and heat-
Condenser ed directly or indirectly
_ to distillation temperature
@ as shown in Figure 3. The
1st Distiliate et §
Chaal O distillates can be handled
ond Distillate through a fractionation
Crepsote .
column. When the desired
Pitch softening point is reached
the residue or pitch is
drained from the vessel.
CONTINUOUS
1. COAL TAR?

A continuous tar distillation process is illustrated
in Figure 4. Crude tar is pumped from a transfer or
storage system through a series of product heat
exchangers with progressive temperature increase. The
heated tar is dehydrated before entering the frac-
tionation column. In the fractionating column the
volatile components distilled from the crude tar are
separated into two broad fractions ...chemical cil and
creosote oil.

The fractionation can be achieved by regulating the
temperature so that the material with the lower boiling
point will distill off as vapor, leaving the material



with a higher boiling point in ligquid form. The
fractionating column further separates the lower boil-
ing chemical oils from the higher beoiling creosote

oils.

The creosote column separates the creosote oils into

light and medium cuts.

If all the volatile oils are removed the liquid residue
will be hard pitch. The less oil distilled off, the
softer the residual product. The tube heater is
controlled to produce the desired product. The final
softening point adjustment occurs in the flash column
with heavy creosote as a by-product.

The products are stored and shipped as illustrated in
Figure 4.

Figure 5 shows typical product yields from USA tars and
potential chemical applications.

The lack of commercial investment in high sulfur coal
processing and coke battery renovation or new construc-
tion may restrict the future supply of coal chemicals
in the USA. Consequently, new approaches for future
supply need to be developed.

2. PETROLEUM

Newman summarized petroleum pitch production processing
from a study of patent literature.? One continuous
process is illustrated in Figure 6. Here, a clarified
0il from a fluid catalytic cracking unit is progres-
sively thermally cracked, fractionated, thermally
soaked and finally vacuum topped to a desired softening

point.
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c. THERMAT, TREATMENT

Aromaticity is perhaps the most important variable in
the characterization of pitches. Aromatic hydrocarbons
are described as ring-type compounds derived from
benzene with typical low hydrogen-to-carbon content
ratio; consequently, in simplest form aromaticity is
expressed as the ratio of the number of carbon atoms
to the number of hydrogen atoms (C/H ratio), as
determined by combustion analysis. The constituents
of pitches are largely condensed aromatic rings such
as naphthalene, anthracene, etc. However, some of
these constituents carry alkyl groups, such as methyl
or higher; others are connected with each other by
methylene bridges. The more of these non-aromatic
groups a pitch contains, the lower is its aromaticity.

Generally, aromaticity correlates closely with the QI
content of coal tars and pitches. Since QI is almost
completely converted to coke upon carbonization, it
adds to the higher coke yields obtained from pitches
with higher aromaticity.

Aromaticity also correlates with the thermal reactivity
of tars and pitches as measured by the rate of gas
evolution upon heating: low aromaticity is associated
with higher gas rate and with more rapid changes upon
exposure to high temperatures.

Figure 7 shows that in the straight distillation of
crude coal tars to pitches of consecutively higher
softening points only a reduction in toluene soluble
(TS} occurs. The increase in QI and f-resin (the
difference between toluene insoluble (TI) and QI]
results from concentration by distillation of the low
molecular weight TS.
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The effect of thermal treatment is illustrated in
Figure 8. Again, the straight distilled pitch has a
given QI (as formed in the coke oven) and a low (-
resin. Low thermal treatment (usually a maximunm
temperature in the 300 - 375°C range) increases the
f-resin content by dehydrogenation and dealkylation,
leaving free radicals which then combine to form
larger, more aromatic molecules. More extensive
temperature/time will produce the 1liquid@ crystal
mesophase, which in effect increases QI.

For a different perspective Figure 9 plots typical
property changes during an extended thermal treatment
time period. f-resin can continue to increase during
early mesophase formation; however, during further heat
treatment and mesophase growth a decrease in B-resin
usually occurs. One should recall that reaction rates

correlate with the tar aromaticity.

Traditionally, most of the principal pitch consumers
have been firmly convinced that only high QI pitches
would meet their binder requirements. With the decline
of QI in post-war Europe as previously discussed, heat
treatment of pitch to produce QI became widely
practiced. Gemmeke!and other individuals described
pitch thermal treatment as illustrated in Figure 10.
The typical process involved heat treatment of a soft
pitch (~90°C sp) at 380 to 420°C for a time sufficient
to produce mesophase (resulting in increased QI) and
distilling to a higher softening point in the 100 to
115°C range. Continuous processing, including such
techniques as back-mix reactors, has also been used to

produce mesophase.

The resulting product satisfied the QI and coking value
targets; however, carbon processing problems resulted.
I experienced this process change in the 1970’s as a
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