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ABSTRACT 

Resinite is a naturally occurring substance found in coal and derived from original plant 
resins. It is ubiquitous in North American coals. It makes up one to four percent by volume 
of most Illinois coals. It has been commercially exploited in the western USA for use in 
adhesives, varnishes and thermal setting inks. The overall objective of this project is to 
compare the properties of the resinite contained in Illinois Basin coals to resinite being 
commercially exploited in the western United States, and to recover the resinite from Illinois 
coals by microbubble column floatation techniques. This project is relevant to priority 1.4A 
identified in ICCyRFP93-1. The significance of this study is that it has the potential to 
show the way to recover a valuable chemical, resinite, fiom coal using only physical 
processing techniques. The value of the resinite at $l.OO/kg or $0.50/lb makes it about 
fifty times more valuable than steam coal. The removal of resinite from coal does not 
decrease the value of the remaining coal in any way. The unique aspects are that: 1) it is the 
first examinaton of the resinite recovery potential of Illinois coal, 2) it integrates the latest 
characterization techniques such as density gradient centrifbgation, 
microspectrofluorometry, and gas chromatography- mass spectrometry, and 3) it uses 
microbubble column flotation to determine the resinite recovery potential. During this 
quarter pure concentrates of resinite fi-om IBCSP 101 (Herrin N. 6 Seam) were produced 
by the density gradient centrikgation technique. Five grams of this material is now being 
collected. This material is also now being characterized by petrographic and chemical 
methods. Another accomplishment this quarter was the completion of a series of 
microbubble column flotation tests under eight different conditions. The tests were 
sumessfid in producing concentrates that are now being evaluated. The significance of the 
work done during this quarter is the confirmation that the resinite in an Illinois coal can be 
successhlly separated in quantities usefbl for testing and analysis. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 



EXECUTIVE SUMMARY 

Resinite is a naturally occurring substance found in coal. It is derived from resins in the 
original plants that were the precursors of the coal. Resinite is ubiquitous in North 
American coals. Analyses of hundreds of coal samples from all parts of the Illinois Basin 
show a resite content of fiom less than one percent to more than four percent by volume. 
The primary sample to be used in this study is sample 101 from the Illinois Basin Coal 
Sample Program. It has a resinite content of 2.9 % . When one considers that the state of 
Illinois has the largest demonstrated reserves of bituminous coal in the U.S., about 65 billion 
tons, it is a simple calculation to determine that there is a great reserve of resinite in the 
state. Although the r e sde  in Illinois h& not been exploited commercially, resinite has been 
exploited with success in the western U.S., especially in the coalfields of the Wasatch 
Plateau in Utah. Recent work by Miller and his colleagues at the University of Utah 
supported by the USDOE has shown successfd pilot-plant proof-of-concept testing in the 
recovery of resinite. 

It is clear that there is a vast amount of resinite in Illinois coals and that if it could be 
recovered and used, it would be a commercially significant chemical product. 

The overall objective of this project is to compare the properties of the resinite contained 
in Illinois Basin coals to resinite being commercially exploited in the western United States, 
and to recover the resinite fiom Illinois coals by microbubble column floatation techniques. 
This project is relevant to priority 1.4A identified in ICCuRFP93-1. Priority 1.4A states, 
"Production of chemicals from coal and char." The specific objectives of the proposed 
project are to: 

1. Separate 10 - 100 gram quantities of resinite from the IBCSP samples of both 
the Herrin No. 6 and the Springfield No. 5 (Indiana V) seams. 

2. Determine the physical, chemical, and petrographic properties of the Xllinois 
resinite and compare them to the commercial resinites being produced fiom the 
Wasatch Plateau area of Utah. 

3. Conduct experiments using 50 kg samples with a microbubble flotation column 
to determine the recovery potential of resinite from Illinois coal. 

The duration of this project is expected to be a one year project without the need of 
additional stages. 

The significance of this study is that it has the potential to show the way to recover a 
valuable chemical, resinite, fiom coal using only physical processing techniques. The value 
of the resinite at $l.OO/kg or $OSO/lb makes it about fifty times more valuable than steam 
coal. Resinite is ubiquitous in Illinois coals at low concentrations of one to four percent by 
volume, and its removal from coal does not decrease the value of the remaining coal in any 
way. 



The unique aspects are that: 1) it is the first examination of the resinite recovery potential 
of Illinois coal, 2) it integrates the latest characterization techniques such as density gradient 
centrifugation, microspectrofluorometry, and gas chromatography- mass spectrometry, and 
3) it uses microbubble column flotation to determine the resinite recovery potential. 

During this quarter samples were obtained, information fiom both the databases of both the 
Illinois State Geological Survey (ISGS) and the Pennsylvania State University (PSU) was 
obtained and evaluated, and IBCSP samples from the Herrin No. 6, the Springfield No. 5 
and the Colchester No. 2 seams were analyzed petrographically and the resinites in these 
samples were characterized by fluorescence spectral analysis. 

The results of petrographic analysis in blue light f?om the ISGS database shows that the 
Herrin No.6 seam has the highest average resinite content of about 1.25%, the No. 5 seam 
averages about 1.0% and the Colchester averages less than 0.5%. The average resinite 
contents in blue light fi-om the Pennsylvania State University database for samples from the 
eastern, interior and Rocky Mountain provinces along with the average for the entire 
database of US coals. The interior province which includes the Illinois Basin averages less 
than 1 %. When the Herrin No, 6 seam is compared to three seams from the Wasatch 
Plateau in Utah it is seen that the Utah coals have a much higher resinite content with the 
Blind Canyon seam having over three times as much as the Herrin No. 6 and also that the 
Herrin No. 6 has less resinite than reported in the ISGS database. However, the PSU data 
is based on a much smaller number of samples than the ISGS data which thus provides a 
better estimate of the true value. 

Also dumg this quarter, three samples from the Il3CSP representing three different seams 
(HerrinNo. 6 - IBCSP 101, Colchester No. 2 - IBCSP 102, and Springfield No. 5 - IBCSP 
106) were analyzed petrographically in both white and blue light and the resinites were also 
studied with fluorescence spectral analysis. The results of the petrographic analyses show 
that the Herrin N0.6 sample has resinite content of 3.0%, the Colchester N0.2 0.4%, and 
the Springfield No. 5 2.3%. These are higher values than the database values but are 
probably COKCX~ because they were gathered on the state-of-the-art fluorescence equipment. 

The same three samples were also analyzed by fluorescence spectral analysis and it was 
found that the standard spectral parameter of wavelength of maximum intensity are identical 
and the relative intensities are also very similar. The fluorescence spectra clearly show that 
the spectra of the resinite in all three seams are the same. Likewise the results of the 
chromaticity analysis of the samples show that they a l l  plot very close together in the 
yellowish orange to orange region of the CIE color spectrum. The remarkable coincidence 
of all of these spectral analysis results indicate that the resinites in all three seams are similar. 
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OBJECTIVES 

The overall objective of this project is to compare the properties of the resinite contained 
in Illinois Basin coals to resinite being commercially exploited in the western United States, 
and to recover the resinite fiom Illinois coals by microbubble column floatation techniques. 
This project is relevant to priority 1.4A identified in ICCI/RFp93-1. Priority 1.4A states, 
"Production of chemicals fiom coal and char." The specific objectives of the proposed 
project are to: 

1. Separate 10 - 100 gram quantities of resinite fiom the IBCSP samples of both 
the Herrin No. 6 and the Springfield No. 5 (Indiana V) seams. 

2. Determine the physical, chemical, and petrographic properties of the Illinois 
resinite and compare them to the commercial resinites being produced fiom the 
Wasatch Plateau area of Utah. 

3. Conduct experiments using 50 kg samples with a microbubble flotation column 
to determine the recovery potential of resinite fiom Illinois coal. 

INTRODUCTION AND BACKGROUND 

Resinite is a naturally occurring substance found in coal. It is derived from resins in the 
original plants that were the precursors of the coal. Res i te  is ubiquitous in North 
American coals. Analyses of hundreds of coal samples fiom all parts of the Illinois Basin 
(Harvey et al. 1979) show a resinite content of fiom less than one percent to more than four 
percent by volume. The primary sample to be used in this study is sample 101 from the 
Illinois Basin Coal Sample Program. It has a resinite content of 2.9 % (Harvey and Kruse, 
1988). When one considers that the state of Illinois has the largest demonstrated reserves 
of bituminous coal in the U.S., about 65 billion tons, it is a simple calculation to determine 
that there is a great reserve of resinite in the state. Although the resinite in Illinois has not 
been exploited commercially, resinite has been exploited with success in the western U.S., 
especially in the coalfields of the Wasatch Plateau in Utah. Recent work by Miller and his 
colleagues at the University of Utah supported by the USDOE has show successkl pilot- 
plant proof-of-concept testing in the recovery of resinite. The quotation below describes 
the background of that work (Miller et al1992, p. 420): 

"Fossil resins have been recovered intermittently from the Utah coal field since 1929 
by gravity and/or flotation processes. The production, nevertheless, has been on a 
very small scale and the technologies used have limited the development of a viable 
fossil resin industry. Of the four existing coal preparation plants in the Wasatch 
Plateau coal field (King, Plateau, Beaver Creek, and Price River), resin has only 
been recovered intermittently fiom the U.S. Fuel Plant where a small amount of this 
valuable resource has been separated by flotation (50% recovery fiom the fines) as 
an impure concentrate containing about 50% resins. However the U.S. Fuel plant 
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has been shut down since 1990. Resin flotation concentrates thus produced can be 
refined by solvent extraction. 

Solvent-purified resins from the Wasatch Plateau coal field typically have a 
molecular weight of about 1200, a melting point of about 170°C. This product, at 
the present time, has a market value of at least $1 .OO/kg as a chemical commodity 
and can be used in the ink, adhesive, rubber, varnish, enamel, paint and coatings, and 
thermoplastics industries. Because of the lack of technology and the competition 
fiom synthetic resins, the valuable fossil resin resource fiom western coal has been 
wasted, being burned together with coal for electric power generation. Survey data 
obtained by Advanced Processing Technologies, Inc., suggest that the fossil resin 
fiom the Wasatch Plateau coal field burned each year for electric power generation 
has a value of $200 million - equivalent to the value of the coal itself! The waste of 
this valuable resource is evident." 

Based on the information given above, it is clear that there is a vast amount of resinite in 
Illinois coals and that if it could be recovered and used, it would be a commercially 
significant chemical product. 

To evaluate the exploitation of resinite fiom Illinois coals, two areas need to be investigated. 
One is the mode of occurrence of the resinite. In the Utah coals most of the resinite occurs 
as cleat or fi-acture fillings that are easily liberated whenever the coal is broken. Indeed, 
Miller et al. reported in 1992 that the -28 mesh fiaction of a coal could have as much as ten 
percent resinite when the whole coal had only three percent. In Illinois coal the resinite is 
never seen as cleat fillings, it occurs as solid ovoid bodies about 25-50 microns in length. 
This difference in occu~ence means that the Illinois coals will have to be processed at finer 
Sizes than the -16mesh that Miller is using in his experiments at Utah. Because of its success 
in handling fine particle sizes and the presence of such facilities on the SIUC campus, the 
microbubble column flotation technique is being used to evaluate the recovery potential of 
resinite fiom Illinois coal. 

The other area that needs to be investigated is the chemical and physical properties of the 
Illinois resinite compared to the western resite. Although most resinites fiom coal are 
terpinoid in nature, the Illinois resinites are derived fi-om different plant precursors and are 
of a different geological age than the western resinites. 

L I T E R A r n  REVIEW 

Although resinite macerals occur in almost all U.S. coals, they are particularly abundant in 
some western U.S. coals and much of the published literature deals with resinites fiom this 
area. Resinite in Utah coals has been reported by White (1914), Spieker and Baker (1928), 
Tomlinson (1932), Selvig (1945), and Buranek and Crawford (1952). The latter authors 
report concentrations of resinite varying fiom trace amounts to 14.9 percent by volume. It 
is also commonly observed, that the resinite in the western coals of Cretaceous and Tertiary 
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age tends to commonly occur in cleats and fissures where it is observable megascopically, 
(Buranek and Crawford, 1952). Clean and fissure-filling resinite in coals fiom England has 
been reported by Jones and Murehison (1963) and by Murchison and Jones (1964). They 
conclude that the increased temperature and pressure of coalification in the bituminous 
range was sufficient to gently mobilize some of the resinite macerals to coalesce into 
globules and veins without increasing the reflectance or causing vesiculation of the resinite. 
On the basis of infi-ared spectral properties and carbonization behavior Murchison (1966) 
was able to divide the resinite macerals into two types -- one type occurring only in coals 
of subbituminous rank or lower and the other type occurring in bituminous coals. 
Murchison (1976) also noted that much of the resinite in bituminous coals occurred as 
interwnnected globules and veins and he concluded that this was of secondary origin. Other 
petrographic work on resinites has been reported by T e e m  et al. (1 987), Crelling (1 982), 
Crelliig et al.(1982). 

Fusinized or charred resinites observed petrographically in a rod-like form (rodlets) have 
been reported in Illinois coals by Kosanke and Harrison (1957) and in other areas by Lyons 
et al. (1984). 

When resinite occurs as single lumps suitable for jewelry it is called amber, and good 
summaries of the occurrence, botany, and chemistry of amber are found in Langenheim 
(1 969, 1990). Recent work on the chemistry of resinites has been reported by Brachman 
et al. (1984), Sirnoneit et al. (1985), Crellmg et al. (1991), Meuzelaar et al.( 1991), 
Anderson and Winans (1991), Anderson et al. (1992). This latter work gives the first 
comprehensive chemical classification of resinites. 

PREVIOUS RELAmD WORK 

While coal m a d  separation and characterization are routine in the Coal Characterization 
Laboratory at SIUC, little work has been done on Illinois Basin coals. In a study on liptinite 
macerals by Crelling (1987) resinite fiom an Illinois Basin coal, the Brazil Block seam, 
showed that resinite could be concentrated by density gradient centfigation methods, It 
had an apparent density in aqueous cesium chloride of 1.1  1 g/mL which was intermediate 
between cutinite (1.08) and sporinite (1.17). The petrographic properties and bulk 
chemistry were also between those of cutinite and sporinite. 

SIGNIFICANCE AND UNIQUE ASPECTS OF STUDY 

The significance of this study is that it has the potential to show the way to recover a 
valuable chemical, resite, fiom coal using only physical processing techniques. The value 
of the resinite at %l.OO/kg or $OSO/Ib makes it about fi@ times more valuable than steam 
coal. Resinite is ubiquitous in Illinois coals at low concentrations of one to four percent by 
volume , and its removal fiom mal does not decrease the value of the remaining coal in any 
way. 
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The unique aspects are that: 1) it is the first examination of the res i te  recovery potential 
of Illinois coal, 2) it integrates the latest characterization techniques such as density gradient 
centrifugation, microfluorometry, and gas chromatography- mass spectrometry, and 3) it 
uses microbubble column flotation to determine the resinite recovery potential. 

EXE'ERIMENTAL, PROCEDURES 

RESEARCH APPROACH 

The steps necessafy to meet the objectives of the project are: 1) obtaining the required coal 
samples, 2) separating appreciable quantities of resinite (1 0- 100 grams) fiom Illinois Basin 
coals, 3) determining the properties of the resinites and comparing them to commercial Utah 
resinites, 4) conducting microbubble column flotation experiments to determine the recovery 
potential of the resinite fiom Illinois Basin coals. Each of these steps is discussed below: 

COAL SAMPLES 

The main samples used in this study will be samples fiom the Illinois Basin Coal Sample 
Program. The sample available with the highest resinite content, 2.9 % by volume, is IBCSP 
101 from the Hemn No. 6 coal seam. This will be the first sample studied. Two other 
samples 102, the Colchester No. 2 seam with 2.4 % resinite, and 106 , the Indiana V 
(equivalent to the Springfield No. 5 )  with only 1 .O % resinite will also be studied. In addition 
a few other seams eom the Illinois Basin with high resinite contents such as the Brazil Block 
may also be examined. 

RESEARCH PROCEDURES 

Separation of Resinite 

Because macerals vary in their chemistry and structure they also vary in their density, and 
it is this variation that allows them to be separated. However, normal sink-float techniques 
have had only limited success in separating single mace&. This is mainly because the s d  
particle size (< 10 microns) needed to liberate single macerals and minimize multiple-phase 
particles are not efEciently separated in the sink-float process. Centrifbgation is needed and 
centrifugation at a large number of densities for a single sample is not practical. A solution 
to this problem is the use of density gradient centrifugation (DGC) in which a sample is 
centrifbged through a density continuum and then fiactionated (Dyrkacz et al. 1981, 
1984a,b,c, Dyrkacz and Horwitz, 1982). 

In this technique the coal sample is reduced to micron size in a fluid energy mill and then 
demineralized with HF and HCl. The sample is then put into a vessel that is filled with an 
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aqueous CsCl density gradient commonly ranging from 1 to 1.6 gmdd. The vessel is then 
centrifuged and the particles move to the appropriate density level. At this time the largest 
vessel in use has a two liter capacity which can process a maximum sample size of two 
grams of coal. After centrifugation the vessel is fiactionated by pumping, then filtered, 
weighted, and dried. The density and weight of each fraction are measured and plotted. 
The resulting density profile accurately reflects the maceral composition of the sample. 

In fact, the density fiactions are composed of the material that separated at a particular 
density and in addition to single-phase maceral particles they may contain mixed-phase 
particles of two or more macerals or macerals and minerals. Thus, to obtain single maceral 
fractions, the macerals must be liberated fiom the coal matrix in the crushing process and 
the mineral matter must be removed either in the acid demineralizing step or in the 
centrifugation. Fortunately, in work done to date, these conditions have usually been met 
and some single maceral hctions have been obtained. However, petrographic examination 
of all of the fiactions fiom a typical two gram DGC run reveals that many fiactions are 
composed of mixed phases although most such fractions have phases fiom the same maceral 
group. Therefore, a typical DGC run wiu do an excellent job of separating the coal into the 
three main m a d  groups - liptinite, vitrinite, and inertinite with liptinite having the lowest 
density and inertinite having the highest density. Most of the characterization work done 
to date on DGC fiactions has been done on these maceral group separations. 

Because most north American coals contain 50% to 90% vitrinite a typical whole-coal 
density profile will be dominated by a vitrinite density peak with low density and high 
density tails to indicate liptinite and inertinite respectively. While petrographic examination 
shows that M o n s  taken fiom the peak are excellent concentrates of the dominant vitrinite, 
there is not enough detail in the rest of the profile to distinguish any other single maceral. 
To overcome this problem two approaches have been used. One is to use the 
concentrations already found in nature by selecting whole coal samples that are rich in a 
target maceral such as a paper coal for cutinite, or coal seam layers (lithotypes) such as 
hsain for semifusinite and fiisinite. Both techniques have been successfully tried by Dyrkacz 
et al. (1984b), for example. Using lithotypes it has also been possible to separate two 
vitrinite macerals, matrix vitrinite and pseudovitrinite fiom each other The other approach 
is to use the whole coal profile to locate the boundaries or cut points between maceral 
groups and to then centrifuge the sample at a single gravity to concentrate the target 
maceral group. When this concentrate is then processed in a two gram DGC run additional 
maceral peaks may be revealed. Crelling (1987) has shown that such processing shows 
three distinct liptinite maceral peaks and a broad and a narrow inertinite peak in an Indiana 
paper coal that could be petrographically identified as cutinite, resinite, sporinite, 
semifhsinite, and fusinite. 

In sumrnq, at this time hundreds of DGC maceral group separations have been made and 
continue to be made on a daily routine basis. With somewhat greater effort, DGC 
separations of sigle coal macerals often fiom the same maceral group have been 
demonstrated and are also routinely performed. To date, single maceral separations of 
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varieties of cutinite, resinite, sporinite, vitrinite, pseudovitrinite, semifusinite, and hsinite 
have been reported. 

Characterization of Resinite 

The availability of maceral group fiactions and single maceral fractions has led to a very 
sudden and broad expansion of our knowledge of maceral properties. The first elemental 
analyses of high quality DGC maceral group and single vitrinite maceral fiactions were 
reported by Dyrkacz et al.(1984 a,b,c) and additional analyses were also reported by Karas 
et al. (1985), Winans et al. (1986). In general, this work has shown that there are distinct 
chemical differences between the maceral groups and the individual macerals as well as a 
corresponding change with density. For example, in macerals fiom the m e  coal sample, 
the liptinite macerals have the highest hydrogen contents and the inertinite macerals the 
lowest; both groups have high carbon contents while vitrinite has the lowest carbon; both 
H and H/C decrease with density. 

Separated macerals and rnaceral groups have been analyzed with a variety of spectroscopic 
techniques, especially FTIR, gas chromatography, mass spectrometry, gas chromatography- 
mass spectrometry, 13C NMR spectroscopy. Anderson et al. (1992) relies on gas 
chromatography-mass spectrometry as the basis for his classification. 

The separated resinite will be characterized with white light and blue light petrographic 
analysis, fluorescence spectral analysis, proximate and ultimate chemical analysis. For 
classification, into the Anderson system gas chromatography-mass spectrometry analysis will 
be run. In addition, some physical property analysis including helium density and melting 
point determinatons will also be made. All of the results of these tests will be compared to 
similar results for the commercial Utah resinite. 

Resinite Recovery with Microbubble Column Flotation 

Froth flotation utilizes the differences in the surface properties of the various materials in 
a system. This is a physio-chemiwl process that depends on the selective adhesion of some 
solids to air bubbles and the simultaneous adhesion of other solids to water (Sun, 1979). 
When a stream of air bubbles is passed through the feed slurry, the hydrophobic components 
in the feed solids are attached to the air bubbles and, thus, are carried to the product 
launder. The hydrophilic components remain dispersed in the water and are transported 
downward to the tailings stream. In case of coal flotation, coal is the naturally hydrophobic 
component which is concentrated in the float, whereas, the hydrophilic mineral matter 
reports to the tailings. 

Several studies have been conducted in the past indicating that the petrographic components 
in coal have varying floatabilities. Maceral floatabilities vary fiom one study to the next. 
The reason is that each coal contains its own set of maceral components with each maceral 
having different surface chemistry properties. In other words, a maceral type in one coal 
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may have a set of surface properties that are completely different than that found in a 
different coal. This may be due to differences in rank, the coalification environment, and the 
associated mineral matter content. 

The hydrophobicity characteristics of a solid surface is generally evaluated by the 
measurement of the angle formed when water is brought into contact with the solid surface. 
This angle is commonly referred to as the contact angle. Arnold and Aplan (1988) have 
carried out an extensive contact angle measurement study on a variety of U. S. coal samples 
to quant@ the hydrophobicity of individual maceral components. They have indicated a 
decreasing order of hydrophobicity of liptinite, vitrinite, and inertinite, with the typical 
values of contact angle ranging from 90 to 130', 60 to 70', 25 to 40', respectively. These 
contact angles agree with most of the floatability results of earlier investigators. 

More recently, Miller et al. (1 992) have been successhl in selectively floating resinite from 
Western coal. As observed from the study of Arnold and Aplan (1988), resinite possesses 
the highest degree of hydrophobicity amongst all the macerals with an average contact angle 
of 114-132'. At high pH values, other coal particles are depressed and remain in the slurry 
while most resinite particles still retain their hydrophobicity and are recovered as a resin 
concentrate. On the other hand, at low pH values, both resinite and coal exhibit a high 
degree of hydrophobicity and float together into the concentrate. As a result, a low grade 
resin concentrate is obtained at lower pH values. 

Microbubble column flotation experiments will be carried out on IBCSP 101 (Herrin No. 
6 seam) to completion. Additional experiments will be run on IBCSP 106, the Indiana V 
(equivalent to the Springfield No. 5 )  and other selected samples as time allows. 

In the past, several studies have been conducted to investigate the use of conventional froth 
flotation for producing maceral concentrates. These studies enjoyed limited success for two 
basic reasons. The fist reason is that, in conventional flotation, there are four mechanisms 
for particle recovery which include: 

-true hydrophobic bubble-particle attachment, 
-hydraulic entrainment into the froth product, 
-entrapment within coagula of hydrophobic particles, and 
-incomplete liberation (i.e., recovery of middlings). 

As a result, the process has some degree of non-selectivity, resulting in lower product 
grades. The second reason is that conventional flotation is ineffective for recovering the 
particle size required for complete liberation of the maceral components. This is due to the 
unfavorable hydrodynamics of the conventional process. These inefficiencies have resulted 
in the development of flotation column technologies which provide a means for improving 
the selectivity of the flotation process. 
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A significant improvement in the flotation performance has been accomplished with the 
advent of column flotation. Recovery has been improved by the enhancement of bubble- 
particle attachment as a result of the counter-current flow of air bubbles and feed slurry 
inside the column. An improved length to diameter ratio and absence of the impeller 
mechanism inside the column, which is an essential part of the conventional cell, has made 
the flow more quiescent, and, thus, has improved the recovery. The wash water addition 
at the fioth phase, which is a key feature of column flotation, effectively cleans the froth of 
all the entrained and entrapped hydrophilic particles, and, thus, sigtllficantly improves the 
product grade. 

As mentioned previously, each of the maceral types exhibit some degree of hydrophobicity 
and, thus, will float given !afEcient time. However, past studies have found that res i te  has 
the highest degree of hydrophobicity and, as a result, should produce the fastest flotation 
rate. Thus, the enrichment of resinite using a eoth flotation process must be achieved by 
controlling flotation kinetics through pH control. 

Initial tests will be conducted to determine the slurry pH at which resinite enrichment is 
maximized using microbubble column flotation, This will be achieved by varying the pH of 
the system over a range of 9 - 12 while keeping all other process variables constant. 
Product and tailings samples will be collected and analyzed. 

At the optimum pH value, the critical operating parameters of the flotation column will be 
optimized to achieve the maximum resinite enrichment. The critical process variables 
include feed rate, aeration rate, fiother concentration, and wash water rate. A Box-Behnken 
experimental test design will be used to analyze the effects of these four parameters. The 
proposed test matrix will require 27 column experiments. The response variables will 
include resinite grade, recovery, and separation efficiency. 

This task will utilize a laboratory microbubble flotation column (Le., Microcep) having a 
2-inch diameter and a length of 5-R. Prior to each experiment, a 1.5 kg coal sample will be 
obtained fiom freezer storage and ground to the desired particle size using a laboratory 
attrition mill. The coal slurry will then be conditioned to the desired pH for an appropriate 
period of time and then fed to the column. The pH of the wash water will be maintained at 
the same level as the slurry pH. A polyglycol-based frother will be added directly to the 
bubble generation system at a rate which yields the desired fiother concentration in the 
recovery zone of the column. A period of three liquid retention times will be allowed 
before collecting samples of the feed, product, and tailings to insure that sampling is 
conducted under steady-state conditions. 

After completion of the test program, a commercial statistical analysis program known as 
DESIGN-EXPERT will be used to analyze the flotation test data. The overall objective of 
this effort is to develop empirical relationships which describe the effect of column feed rate, 
aeration rate, fiother concentration, and wash water rate on flotation column performance. 
The data analysis program will be used to perform all required statistical computations and 
regression analyses. The empirical expressions representing the response variables for each 
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flotation column will be optimized by applying an off-line optimization technique, such as 
the Simplex or Hooke-Jeeves methods, to the predicted results obtained fiom each of the 
empirical expressions. 

Using the optimized operating parameter values based on maximum separation efficiency, 
cohunn flotation tests will be conducted to produce the best possible recovery-grade w e  
for resinite concentration. This will be achieved by varying feed rate while maintaining the 
other parameters at their optimum values. 

RESULTS AND DISCUSSION 

During this quarter pure Concentrates of resinite from IBCSP 101 (Herrin N. 6 Seam) were 
produced by the density gradient centfigation technique. It was determined that the 
resinite occurs in the density range of 1.10 -1.16 g/mL. At this time about 5 grams has been 
obtained and an additional 10 -20 grams is being collected. The determination of the 
chemical and physical properties of this material is now underway. 

The major other accomplishment this quarter was the completion of a series of microbubble 
column flotation tests under eight different conditions. The tests were successful in 
producing concentrates that are now being evaluated. 

The sigtvficance of the work done during this quarter is the codinnation that the resinite 
in an Illinois can be successfidly separated in quantities usell for testing and analysis. 

DISCLAIMER STATEMENT 

This report was prepared by John C. Crelling and southern Illinois University at Carbondale 
with support, in part by grants made possible by the U. S. Department of Energy 
Cooperative Agreement Number DE-FC22-92PC92521 and the Illinois Department of 
Energy through the Illinois Coal Development Board and the Illinois Clean Coal Institute. 
Neither John C. Crelling and Southern Illinois University at Carbondale nor any of its 
subcontractors nor the U. S. Department of Energy, Illinois Department of Energy & 
Natural Resources, Illinois Coal Development Board, Illinois Clean Coal Institute, nor any 
person acting on behalf of either: 

(A) Makes any warranty of representation, express or impled, with respect to the 
accuracy¶ completeness, or usefulness of the information contained in this report, or 
that the use of any information, apparatus, method or process disclosed in this report 
may not infiinge on privately-owned rights; or 
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(€3) Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method or process disclosed in this report. 

Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufktmer, or otherwise, does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the U. S. Department of Energy. 
The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the U. S. Department of Energy. 

Notice to Journalist and Publishers: If you borrow information fiom any part of this 
rep& you must include a statement about the DOE and Illinois cost-sharing support of the 
project . 
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COSTS BY QUARTER 

Prelmnary Evaluation of Resinite Recovery fiom Illinois Coal 
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Sept 1 Nov 30 Feb 28 May 31 Aug 31 
Months and Quarters 

0 = Projected Expenditures - - - - - - - 
A = Actual Expenditures 

Total Illinois Clean Coal Instutute Award $49,957 
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SCHEDULE OF PROJECT MILESTONES 

n 

X F 

S O N D J  F M A M J  J A S  
Begin 
Sept. 1 
1994 

Hypothetical Milestones: 

A: Sample Collection 
B: Resinite Separation 
C: Resinite Characterization 
D: Resinite Recovery 
E: Data Interpretation 
F: Reporting 


