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(57) ABSTRACT 

Closed apparatus and processes by which carbon feedstock, 
is composed of a mixture of non-coking coal fines and 
another carbonaceous material, Such as waste coke fines are 
disclosed. The coal and coke fines are mixed together and 
may be formed into Solid pieces. The mixture alone or as 
Solid pieces is fired through pyrolyzation into Solid pieces of 
coke, with Solid and gaseous by-products of pyrolyzation 
being recycled for use within the coke-producing closed 
System, thereby reducing or eliminating release of undesir 
able Substances to the environment. A char-forming binder 
may or may not be added to the carbon mixture prior to 
pyrolyzation. 
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CLEAN PRODUCTION OF COKE 

FIELD OF THE INVENTION 

0001. The present invention relates generally to clean 
production of coke and more particularly to the use of two 
types of carbon, one of which comprises low quality coal 
fines, Such as waste coal fines, and/or waste coke or char 
fines which, after mixing, may be fired without formation 
into objects or formed into objects and fired to produce Solid 
pyrolyzed objects or pieces, with by-products from pyro 
ly Zation being recycled for use within the coke-producing 
closed System. 

BACKGROUND 

0002 Coke heretofore has conventionally been produced 
from high quality Sources of carbon, Such as high quality 
coking coals. Prior processes and apparatus for convention 
ally producing coke typically are open or partly open 
Systems, which generate by-products released to pollute the 
atmosphere. 

BRIEF SUMMARY AND OBJECTS OF THE 
PRESENT INVENTION 

0003. In brief Summary, the present invention overcomes 
or Substantially alleviateS problems associated with prior 
ways of conventionally producing coke. The present inven 
tion may be Summarized as comprising closed System appa 
ratus and processes by which carbon feedstock, comprised 
of a mixture of non-coking coal and/or another carbon 
aceous material, Such as waste coke fines, are mixed 
together and pyrolyzed into coke either as Solid pieces or 
not. When solid pieces or objects of the mixture are formed, 
they are fired through pyrolyzation into Solid pieces of coke, 
with Solid and/or liquid and gaseous by-products of pyro 
ly Zation being recycled for use within the closed coke 
producing System, thereby eliminating release of undesir 
able Substances to the atmosphere. Feedback tars, with or 
without a char-forming binder, is added to the carbon 
mixture prior to pyrolyzation. 
0004. With the foregoing in mind, it is a primary object 
of the present invention to overcome or Substantially alle 
Viate problems of the past associated with production of 
coke. 

0005 Another paramount object of the present invention 
is to produce a novel form of coke and to do So using novel 
apparatus and unique processes. 

0006 A further dominant object is to produce coke from 
a mixture comprising low quality or non-coking coal fines, 
which mixture is pyrolyzed into high quality coke. 
0007 Another important object is to produce coke from 
a mixture comprising waste coke fines, which mixture is 
pyrolyzed into high quality coke. 
0008 An additional object of importance is to produce 
coke So as to avoid contaminating the environment by 
recycling or recirculating Solid and/or liquid and gaseous 
by-products within the closed coke-producing System. 

0009. These and other objects and features of the present 
invention will be apparent from the detailed description 
taken with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a flow diagram of one process by which 
low quality coal and another carbonaceous material, Such as 
waste coke fines, are transformed into metallurgical and 
other grades of coke; and 
0011 FIG. 2 is a flow diagram of another similar process 
by which low quality coal and other carbonaceous material 
is transformed into metallurgical and other grades of coke. 

DETAILED DESCRIPTION 

0012 Waste carbonaceous fines have notheretofore been 
used in the commercial production of coke. Coke is a fuel 
universally used in the iron and Steel industry. Currently, 
nearly all metallurgical and foundry coke is produced in 
conventional coke oven facilities requiring the use of good 
quality coking coals. These coals are becoming Scarce, 
difficult to mine, and, therefore, expensive. Because of the 
high costs, decreasing Supply of these feedstock materials, 
and environmental contamination problems associated with 
current coke-making practices, there is a need for alternative 
coke-making and coke Supplementing technologies. Prior 
attempts to use various form coke processes have primarily 
resulted in commercial failure and, furthermore, exceSS 
by-products of pyrolysis are generated in Such processes, 
which must be refined into Salable liquid fuels. Elimination 
of the need to proceSS and market excess aromatic tars from 
form coke processes has been a problem. The present 
invention addresses these problems and provides processes 
by which waste coke fines (including coke breeze generated 
from conventional coking processes or petroleum coke) with 
coal fines are blended to produce a high quality coke 
product. 
0013 These coke processes do not require high quality 
coking coals nor are a Surplus of pyrolytic products pro 
duced. Non-coking coal fines and coke fines may be blended 
together in Such proportions that production of pyrolysis 
by-products is limited to the amount required for binding 
and for process heat. Feedback tar may be combined with 
additional Synthetic or natural binder to produce prime 
quality Solid coke pieces or objects, Such as briquettes or 
blocks. The process 1) uses feedstock material more effi 
ciently than other form coke processes by eliminating dis 
charge of Secondary, low value by-products, and 2) uses 
undesirable materials and industrial wastes not heretofore 
used to produce coke (i.e., low quality coal and/or coke or 
char fines) as a feedstock which represent a current serious 
environmental problem. 
0014 Energy savings for a steel plant can be exemplified 
by assuming a typical coke fines waste rate of 10% of the 
total coke production. Energy Savings are noted in the 
increased utilization of raw materials, including extraction, 
transportation, and differences in processing requirements. 
Based on a steel mill capacity of about 6,000 tons of hot 
metal (THM)/day this represents an energy savings of about 
4.5x10' kJ/year over current technology. 
0015 Capital costs for the briquetting or solid objects 
portion of the process have been estimated based on other 
similar briquetting operations at between S20-30 million for 
a one-half million ton/year plant. Raw material costs are 
estimated to be in the range of S10/ton for waste coal fines 
and S20/ton for coke fines. The processing costs for briquet 
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ting or formation of Solid objects, which include the price of 
the additional natural or Synthetic binder, if used, are esti 
mated to be around S18/ton, depending on the type of binder. 
Total costs for coke production from the proceSS are 
expected to be in the range of S50-60/ton. Current metal 
lurgical coke prices are in the range of S100-120/ton and 
foundry coke is S140-160/ton. For a steel plant producing 
6,000 THM/day, at an approximate rate of 500 lbs coke/ 
THM, by incorporating the proposed process, a net Savings 
of S3.3 to S2.8 million/year is expected. 
0016. The ability to utilize this new coke product, as a 
partial coke replacement in the blast furnace, will ultimately 
be proven by Such an application. The properties of coke 
produced using the present invention compare well with 
other cokes previously or currently used as blast furnace 
fuels. 

0.017. One concern regarding the use of form coke, made 
from a previous process, in a blast furnace is that its 
reactivity tended to be higher than Standard metallurgical 
coke produced in Slot ovens. The new coke produced 
according to the present invention is expected to be able to 
replace oven-coke and have reactivities and Strengths as 
good as or better than Standard metallurgical coke. 

0.018. As stated above, coke is a universal fuel used in the 
iron and Steel industry. Metallurgical coke is commonly 
required for operation of iron ore reduction facilities, Such as 
blast furnaces. Foundry coke is required for Scrap melting in 
cupolas and in casting operations. Coke is also an important 
fuel for other applications, Such as the phosphate industry. 
0019. The American steel industry underwent a major 
restructuring during the 1980s, resulting in the closing of 
many steel and coke-making plants. From 1980 to 1990, 
approximately 40% of the United States coke-making capac 
ity was shut down. During this same time, very few new 
coke-making facilities were built. Today, approximately 26 
million tons of metallurgical coke and 2 million tons of 
foundry coke are produced annually in the United States. 
Many of the remaining coking facilities are approaching the 
end of, or have been extended beyond, their life expectan 
cies. Nearly 50% of the current capacity is over 20 years old 
and 40% is over 30 years old. These older facilities are not 
only expensive to maintain and operate but they are difficult 
to keep in compliance with environmental regulations. 
0020 Nearly all metallurgical and foundry coke is pro 
duced in conventional coke oven facilities requiring the use 
of high quality coking coals. Prime coking coals tend to have 
a volatile content between 19-33%. These coals are becom 
ing Scarce, difficult to mine, and, therefore, expensive. In 
1995, the average delivered price for metallurgical coking 
coals in the U.S. was over S47/ton while steam coals were 
about S27/ton. 

0021 Coke ovens have for some time been of serious 
environmental concern due to the release of particulate and 
Sulfur gases, as well as emissions of carcinogenic and 
mutagenic polycyclic aromatic hydrocarbons (PAHs) and 
benzene-toluene-Xylenes (BTX). Consequently, the coke 
manufacturing industry is being Subjected to increasingly 
Stringent environmental regulations. Advances in coke oven 
design, Such as non-recovery ovens and jumbo coking 
reactors, show Some environmental advantages but still 
require expensive coking coals to operate and represent a 
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very large capital investment. AS environmental regulations 
become more Stringent, existing coking facilities will con 
tinue to be closed and capacity reduced. Furthermore, the 
high capital cost of building new cokemaking plants based 
on current technology and dwindling Supplies of domestic 
prime coking coals has caused U.S. companies to look 
outside the country for coke Supplies. The United States 
already imports a sizable quantity of coke, Some produced 
from its own exported metallurgical coals. Because of the 
high costs, decreasing Supply of feedstock materials, and 
environmental problems associated with current coke-mak 
ing and coke Supplementing technologies. 

0022. An alternative to producing coke from metallurgi 
cal coals in conventional Slot Ovens, is to use various form 
coke processes. Form coke is a term which generally 
describes carbonized, briquetted or otherwise formed fuel, 
made from pyrolyzed coal chars. In a process known as the 
FMC process, the coal is crushed and then charred at 
temperatures between 600 and 800 C., then mixed with a 
binder, briquetted, and finally carbonized at 900-1000 C. 
The initial partial devoatilization is designed to prevent 
Swelling or Sticking of the briquettes during the high tem 
perature treatment. The binders needed for this briquetting 
are usually obtained from the combined by-products and tars 
generated during the low and high temperature charring and 
carbonizing Steps. Most form coke processes can utilize 
non-coking coals for a portion of the feedstock, combined 
with expensive coking coals. 

0023) Numerous form coke processes have been unsat 
isfactorily experimentally tested. Only a few have reached 
commercial production. Exceptions are the above-men 
tioned FMC Process, which converts Sub-bituminous coal 
into pillow-shaped coke briquettes for phosphate production 
and, also, a process known as the CTC Process, which was 
commercially discontinued recently. 

0024. The FMC process requires multiple, staged, fluid 
bed heaters to char and carbonize the coal. The tars are 
captured and used as a binder to form the char into briquettes 
which are calcined in a shaft furnace. The process incurs 
high capital costs. 

0025 The now discontinued CTC process used gasifica 
tion to char the feed coal. The char was then crushed, 
hot-briquetted and finally calcined. By-products had to be 
refined into salable liquid fuels in order for the CTC process 
to be economically feasible. The CTC process utilized high 
grade coking coals for a portion of its feedstock. 

0026. By contrast, the present processes pertain to mak 
ing briquettes from waste coke fines rather than coal char. A 
Supplemental binder System, if used, may include combining 
a natural or Synthetic binder with a carbonaceous binder 
Such as tar, including but not limited to feedback tar from 
within the System. Extensive development and testing of the 
waste coke fines briquettes has been performed. Indications 
are that waste coke fines briquettes formed using the present 
invention, compare favorably with other Successful form 
cokes, Such as those obtained from the FMC and CTC 
processes. See TABLE 1, below: 
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TABLE 1. 

Comparison of briquettes from proposed 
process with other successful form cokes. 

Apparent Abrasion 
Form Coke Type Specific gravity Resistance CSR CRI 

FMC1 O.8 69 47 75 
CTC2 1.2 54 3O 15 
New Process 1.4 8O 50-70 15-30 

"Measured from samples obtained from FMC. 
*Data taken from Young and Musich, 1995. 
Typical values measured from briquettes made using the present inven 
tion. 

0027. The economics of the present coke fines process is 
improved by: (1) use of feedback tar, resulting in the 
elimination of the need to import the tar portion of the binder 
and/or (2) elimination of the requirement to process and sell 
excess low-value tars. In order to do this, the present 
invention contemplates blending coke fines (e.g. coke breeze 
generated from conventional coking processes or petroleum 
coke) with waste non-coking coal fines. The coke breeze 
and/or petroleum coke fines and low grade coal fines are 
blended with a binder. The blend may be fed directly into the 
pyrolyzer or pressed into briquettes or other Solid forms and 
Subsequently cured. The relative mixture of coke fines with 
coal fines can be varied depending on the devolatilization 
products of the coal to obtain a process with closed material 
loops where all of the products of devolatilization are used 
within the process. 
0028. During the pyrolysis operation, the temperature of 
the formed feedstock is elevated at a rate approximately 
within the range of 1500-2000 C./hr to a maximum tem 
perature within the range of 800-1100° C. The devolatiliza 
tion behavior of the feedstock varies during heat-up, 
depending on the feedstock mixture, but gases and tar 
evolve, leaving a carbon matrix behind. 
0029 Devolatilization behavior depends on many factors 
Such as peak temperature, heating rate, particle size and coal 
type. General trends are that occluded carbon dioxide and 
methane are driven off at about 200 C. Above this tem 
perature, internal condensation occurs among the macromo 
lecular structures with the evolution of carbon dioxide and 
Water. 

0030. In the range of 200-500° C., methane begins to 
evolve with its higher homologues and olefin. Most of the 
oxygen in coal Structures is eliminated as water and oxides 
of carbon. The decomposition of both nitrogen Structures 
and organic Sulfur species begins in this temperature range. 

0031) The evolution of hydrogen begins at 400-500° C. 
with a critical point at about 700 C. characterized by a rapid 
evolution of hydrogen and carbon monoxide. 
0032). In the temperature range of 500-700° C., the vol 
ume of gases Such as hydrogen, carbon monoxide, methane, 
and nitrogen increase with increasing temperature, while 
most hydrocarbons decrease. 

0033 Tar formation begins at around 300-400° C., with 
a maximum yield occurring at approximately 500-550° C., 
depending on heating rate and particle size. The character 
and composition of the tars will vary with temperature. 
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Low-temperature tar usually consists mainly of olefin, par 
affin hydrocarbons, and cyclic hydroaromatic Structures. The 
aromatic nature of tar increases with increasing temperature 
until high-temperature tars are composed mostly of aromatic 
hydrocarbons. 

0034. The tars which evolve from the coal fines are 
captured and returned to be used as a binder. Fuel rich gases 
are used to operate the pyrolysis furnace. The idea of 
recycling tar to be used as the binder is not unique, Standing 
alone. Many form coke processes utilize this Step, among 
many others. However, Since prior form coke processes 
typically use only raw coal in their feedstock they lose a 
significant portion of their initial weight (30-50%) as tars 
and gases. While a portion of these products can be utilized 
as a binder and for proceSS heat, the quantity produced using 
prior processes is generally larger than can be consumed 
within the facility and, therefore, must be appropriately 
disposed of or Sold to enhance the economic attractiveness 
of the process. Due to the high cost of processing these 
by-products and their aromatic nature, they must often be 
Sold as low quality feedstock materials to refiners at low 
prices. 
0035. The present processes take advantage of the fact 
that coke is very low in volatile matter (1-2%) and therefore 
produces nearly no pyrolytic products. This proceSS com 
prises blending coke fines with coal fines in the proper 
amount to create just enough pyrolytic products required to 
perpetuate the process. 

0036) The mixture of coal/coke fines are cleaned and 
blended with tar or other fixed-carbon producing binders. 
The mix may then be formed into appropriate Solid shapes. 
These shapes are then fed to a pyrolyzer, where the tem 
perature is raised to 800-1100 C. to devolatilize the solid 
objects driving off tars and gases and leaving a strong, high 
carbon-content coke. The gases and tars are cooled to 
approximately 300 C., condensing the tars, allowing them 
to be separated from the fuel-rich gas and collected. The tars 
are then recycled to be used within the process as a binder 
while the gases are oxidized to provide heat to the pyrolyzer. 
Calculations indicate that, with, for example only, a mix of 
55% coke fines, 30% bituminous coal fines and 15% binder, 
the amounts of tars and gases generated are appropriate to 
operate the process in a closed-loop fashion. Of course these 
proportions will vary under control of one skilled in the art, 
depending on feedstock properties. At a briquette pyrolysis 
temperature of 900 C., typical product yields for the various 
constituents are shown in TABLE 2, below: 

TABLE 2 

Approximate product yields at 900 C. 
of constituents in mix ?ash free basis 

Constituent Fixed Carbon Tars Gases 

Coke 1OO O O 
Bituminous Coal 52 3O 18 
Tar Binder 40 40 2O 

0037. If these components are blended in the mixture 
fractions given above, then the resulting products are 77% 
fixed carbon (coke product), 15% tars (used as a binder on 
a recycle basis), and 8% gas (used to fuel the pyrolyzer). 
This gas consists of about 25% water and carbon dioxide, 














