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ABSTRACT 

 

One of the key issues of coal gasification is to identify key performance parameters and 

develop procedures allowing coal to be tested and assessed for its suitability in 

gasification. The objective of this research was to develop tests for the reliable 

determination and eventual prediction of the effect of coal properties, specifically mineral 

content and maceral composition, on the performance of coal in gasification processes. 

The proposed effort included tasks: (1) macerals separation from coal, (2) manipulation 

of Illinois coal samples by varying their mineral contents and composition, (3) coal 

samples characterization, (4) TGA studies of coal gasification, and (5) study of 

gasification in the batch reactor.  

 

Illinois Basin whole-seam coal samples were collected from the Herrin No.6, Springfield 

No.5, and Murphysboro (MB) No.2 seams. In addition to the gasification of the whole-

seam samples, a range of lithotypes from these samples, as well as, maceral concentrates 

obtained from density-gradient centrifugation, were gasified. Float/sink analysis was 

performed to produce high-density mineral concentrates, and the concentrates were added 

in varying proportions to low-density coal samples. The produced coal/mineral mixtures 

were also tested for performance during gasification. A kinetic analysis to optimize the 

process parameters and guide the further process scale up and evaluation was also 

conducted. The results of the kinetic study indicate that isolated macerals, specifically 

vitrinite and fusinite, were more reactive during TGA gasification than the raw coals. In 

addition, the samples with added mineral calcite and iron sulfide exhibited higher rates of 

gasification than the raw coals. All of the samples during the TGA studies followed a 

two-step mechanism. During gasification in a batch reactor, the maceral concentrates 

yielded the highest amount of hydrogen. Methane and carbon monoxide yields we limited 

for most of the experiments. 
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EXECUTIVE SUMMARY 

 

Gasification means incomplete combustion of coal resulting in the production of syngas 

(called also producer gas) consisting of carbon monoxide (CO), hydrogen (H2) and traces 

of methane (CH4) as well as H2S, NH3, and trace elements. Syngas can be used to run 

internal combustion engines (both compression and spark ignition), as a substitute for 

furnace oil in direct heat applications, and to produce, in an economically viable way, 

methanol – an extremely attractive chemical which is useful both as fuel for heat engines 

as well as a chemical feedstock for industries.  

 

One of the key issues of coal gasification is to identify key performance parameters and 

develop procedures allowing coal to be tested in gasification and to be assessed for their 

suitability for use in gasification. The mineral matter/slag aspect of such tests is 

reasonably advanced: coals can be tested for their “slag viscosity” and, if deemed 

unsuitable, strategies can be developed to improve their suitability. For coal gasification, 

practically no such evaluation exists, even though a number of papers were published in 

the area of mineral matter and gasification. It seems that this has been due to limited 

knowledge and data on which aspects of coal conversion are fundamentally and 

practically important, and a lack of accepted procedures, performance criteria, and know-

how to measure the parameters and relate them to gasification technology operations. 

Likewise, variations in organic compositions that are inherently related to variations in 

maceral content and coal rank are important in determining gasification response in that 

they are thought to influence properties such as porosity and surface area, particle-size 

distribution, thermal fragmentation, pyrolysis behavior, swelling properties, and char 

reactivity and morphology.  

 

The main objective of the proposed research was to identify the effects of mineral content 

and maceral composition of Illinois coal on the kinetic rate and products distribution 

during gasification. For this purpose, a series of coals were collected from major coal 

seams in the Illinois Basin and subjected to gasification runs at various conditions (see 

below). In addition to whole-seam coal samples, lithotypes and maceral concentrates 

were gasified under varying conditions to evaluate different responses at the lithotype 

(hand-specimen scale), microlithotype (microscopic association of macerals), and 

maceral (microscopically identifiable organic constituent) level. The major minerals 

present in Illinois coal may include, illite, kaolinite, pyrite, chlorite, calcite, quartz etc. 

that are the precursors of products like SiO2, Al2O3, Fe2O3 and CaO. Traces of other 

oxides, including Na2O, K2O and TiO2 may also be found in Illinois coal. The effects of 

mineral content and composition in Illinois coal on gasification performance was studied 

by examining coals of varying mineral content and composition of the gasification feed.   

 

The proposed effort included tasks: (1) macerals separation from coal, (2) manipulation 

of Illinois coal samples by varying their mineral contents and composition, (3) coal 

samples characterization, (4) TGA studies of coal gasification, and (5) study of 

gasification in the batch reactor. A kinetic analysis to optimize process parameters and 

guide the further process scale up and evaluation was also proposed. The kinetic data was 
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generated using a thermogravimetric reactor, and the best coal composition for the 

maximum conversion and purity of the syngas was evaluated.  

 

Density-gradient centrifugation (DGC) was successful for isolating vitrinite and inertinite 

macerals from raw Illinois No.6 and Murphysboro (MB) No.2 coals. Float-sink density 

separation was successfully used to prepare samples of differing mineral contents 

including pyrite and calcite from Illinois No.6, Illinois No.5, and Murphysboro No.2 

coals. Low temperature ashing, petrography, particle size analysis, and XRD were 

performed for selected samples to characterize the physicochemical properties of the 

samples. TGA gasification experiments were carried out at 1000 
o
C at different pressures 

and samples weights. The optimum conditions for the gasification were found to be: 

atmospheric pressure and 20 mg of sample. 

 

The kinetics studied of the gasification shows that the process involves two different 

consecutive mechanisms: the near-first order kinetics followed by nuclei growth Avrami-

Erofe’ev step. The rate constants of each step for several samples were determined. Both 

coal treatment methods (DGC and Float-sink separation) have a positive effect on the 

kinetics of gasification. Each treated sample shows higher  reaction rate constant k values 

when compared to the as-received coals for both steps. This can be attributed to the 

relatively high calcite and iron sulfide concentration. Vitrains obtained from both Illinois 

No.6 and Murphysboro No.2 coals exhibits the higher values reaction rate constant when 

compared with the as-received coals. This effect is significant for the second step of the 

gasification that is controlled by Avrami-Erofe’ev mechanism. Batch reactor gasification 

studied were performed at 800 
o
C and the presence of different amounts of steam.  The 

highest hydrogen formation was observed for Vitrain prepared from Illinois No.6 and 

Float Murphysboro No.2. Practically no CO was formed (except Murphysboro No.2 with 

75% of steam). However, large concentrations of CO2 were detected with the highest 

observed for Illinois No.6 Vitrain and Murphysboro No.2 Float. In addition, methane in 

small concentration was detected only for Illinois No.6 samples.  
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OBJECTIVES 

 

In this research, an attempt was made to identify the effects of mineral content and 

maceral composition of Illinois coal on the kinetic rate and products distribution during 

gasification. For this purpose, a series of coals was collected from major coal seams in 

the Illinois Basin and subjected to gasification runs at various conditions. In addition to 

whole-seam coal samples, lithotypes and maceral concentrates were gasified to evaluate 

different responses at the lithotype (hand-specimen scale), microlithotype (microscopic 

association of macerals), and maceral (microscopically identifiable organic constituent) 

level. The major minerals present in Illinois coal may include, illite, kaolinite, pyrite, 

chlorite, calcite, quartz etc. that are the precursors of products like SiO2, Al2O3, Fe2O3 

and CaO. Traces of other oxides, including Na2O, K2O and TiO2 may also be found in 

Illinois coal. The effect of mineral content and composition in Illinois coal on gasification 

performance was studied by examining coals of varying mineral content and composition 

of the gasification feed.   

 

The primary objectives were to 1) evaluate the influence of mineral content and 

composition of Illinois coals on gasification, 2) evaluate the influence of lithotypes and 

microlithotypes (using hand-picked samples) and macerals (using DGC separates) 

present in Illinois coals on gasification. In addition, TGA studies were used in order to 

develop an understanding of the effect of pressure, sample size, and coal composition on 

the overall kinetics by the use of simplified models. These objectives were met by the 

completion of the following tasks: 

 

Task 1. Macerals Separation from Coal 

 

Fresh coal samples were collected from active mines in the most important Illinois Basin 

coal seams, including the Herrin No.6, the Springfield No.5, and the Murphysboro No.2 

seams. Coal lithotypes, specifically fusains and vitrains, were hand-separated from the 

feed coals by visual observations and physical macroscopic properties. As these have 

different ranges of microlithotype and maceral composition (and likely mineral content), 

they react differently in the gasification process. These samples were used also as 

feedstock for density-gradient centrifugation to provide pure (>95-99%) maceral 

concentrates, allowing us to evaluate the influence of maceral content on gasification 

behavior. All of the samples were also analyzed for coal contents determination, coal 

maturation, and types and modes of occurrence of minerals present in the samples under 

this task.  

 

Task 2. Manipulation of Illinois Coal Samples to Vary their Mineral Contents and 

Compositions 

 

Some of the minerals in Illinois coal, including the iron minerals, are known to be finely 

disseminated. Therefore, the raw coal samples were crushed to a fine (< 250 μm) particle 

size to liberate most of the minerals. Then, float/sink analysis was conducted to produce 

mineral concentrates. XRD analysis was conducted on all density fractions to determine 

the exact mineralogical compositions. The high density fractions were then added in 
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varying proportions to the purest coal fraction to prepare different feed samples for the 

TGA and batch reactor gasification studies. 

 

Task 3. Coal Sample Characterization 

 

Low-temperature ashing, XRD, and particle size analysis were performed in this task on 

a selective basis.  

 

Task 4. Thermogravimetric Studies of Coal Gasification 

 

The TherMax 500 Pressure Thermogravimetric Experimental Station was used in this 

task. The coal samples were first pyrolyzed during the temperature ramp to achieve the 

the desired gasification temperature of 1000 ˚C. After the weight stabilized, steam was 

introduced to the sample and the weight change was monitor under steady-state 

conditions. Sample weights of a coal were varied from 5 to 50 mg. Experiments were 

performed at atmospheric, 100, 300, and 500 psi. The weight change data collected 

during gasification were evaluated for fitness to known functions of coal decomposition, 

including nucleation and growth, reaction order, geometric nature of the growth of 

reaction interface, and diffusion. The determined model for each sample was then used to 

calculate the gasification rate, or rates.  

 

Task 5. Study of Gasification in the Batch Reactor 

  

In addition to the TGA studies, gasification was carried out in a lab-scale reactor. The 

experiments were performed at the best suited pressure for gasification, as determined by 

TGA, and 25, 50, and 75% steam content in the feed. Gaseous products of the 

gasification were analyzed using an Agilent MicroGC model 3000. During the batch 

reactor experiments, the dry gas was sampled every 5 minutes to analyze the gas 

compositions over time.  

 

INTRODUCTION AND BACKGROUND 

 

Gasification means incomplete combustion of coal resulting in the production of syngas 

(called also producer gas) consisting of carbon monoxide (CO), hydrogen (H2) and traces 

of methane (CH4) as well as H2S, NH3 and trace elements. Syngas can be used produce 

Fischer-Tropsch liquid fuels to run internal combustion engines (both compression and 

spark ignition), can be used as a substitute for furnace oil in direct heat applications, and 

can be used to produce, in an economically viable way, methanol – an extremely 

attractive chemical which is useful both as fuel for heat engines as well as a chemical 

feedstock for industries [1].  

  

One of the key issues of coal gasification is to identify key performance parameters and 

develop procedures allowing coal to be tested in gasification and to be assessed for their 

suitability for use in gasification. The mineral matter/slag aspect of such tests is 

reasonably advanced: coals can be tested for their “slag viscosity” and, if deemed 

unsuitable, strategies can be developed to improve their suitability [2]. For coal 
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gasification, practically no such evaluation exists, even though a number of papers were 

published in the area of mineral matter and gasification. It seems that this has been due to 

limited knowledge and data on which aspects of coal conversion are fundamentally and 

practically important, and a lack of accepted procedures, performance criteria, and  

know-how to measure the parameters and relate them to gasification technology 

operations. Likewise, variations in organic compositions that are inherently related to 

variations in maceral content and coal rank are important in determining gasification 

response in that they are thought to influence properties such as porosity and surface area, 

particle-size distribution, thermal fragmentation, pyrolysis behavior, swelling properties, 

and char reactivity and morphology [3]. 

 

Gasification is frequently studied in the laboratory with a thermogravimetric reactor. A 

defined set of parameters, such as temperature, pressure, and gas composition is selected 

for the reactor, and the weight of a sample is monitored as a function of time. Wide-scale 

characterization has been carried out on gasification reactivity of fossil fuels like coals 

and lignites. One of the best-known studies was that done by Johnson [4] who used a 

pressurized thermogravimetric reactor to develop kinetic models of coal gasification. A 

thermobalance has been used to study the kinetics of coal gasification under different 

conditions by Walker et al. [5], Pilcher et al. [6], Hippo & Walker [7], Tomita et al. [8], 

Mahajan et al. [9], Schmal et al. [10], and Saffer [11]. The thermogravimetric method has 

been described as a tool for the study of heterogeneous kinetics of char gasification by 

Laurendau [12], and also by Graboski [13] for coal. Stenseng et al. [14] investigated 

different stages in combustion and gasification processes using a differential scanning 

calorimeter (DSC) and thermogravimetric analysis (TGA) configuration. They found that 

this type of thermal analysis could be used to describe the gasification behavior as well as 

to estimate the heat of the reaction, and to determine the ash-melting properties of the 

combustion. Schenk et al. [15] and Naredi and Pisupati [16] investigated a wide variety 

of coal and biomass with a package of tools developed to determine gasification 

characteristics and evaluate gasification concepts. These tools consisted of models, 

laboratory equipment, and pilot-scale installations. The models required a series of 

empirical input parameters, which were derived from standardized laboratory tests. 

Standardized experimental procedures to determine these parameters were developed, 

relying on, for example, a laboratory-scale fluidized bed reactor and a thermogravimetric 

analyzer.  

 

One of the challenges in coal gasification is to achieve high conversion of carbon and less 

deposition of ash in the subsequent gas coolers. The goal of this project is to evaluate and 

better understand the impact of the non-homogeneous nature of coal gasification systems 

and to develop better kinetic models to improve reliability and efficiency of coal 

gasifiers. It is well known that the mineral and organic (maceral) components in coals 

vary widely in their composition, distribution, and occurrence. These components have a 

different physical and chemical makeup. When ground to the fine sizes required for 

advanced gasification systems, some of these components will separate to form particles 

enriched in individual minerals or macerals which respond completely differently than 

the aggregate or average coal particles. These outliers can lead to process inefficiencies, 

fouling, and other reliability problems.  
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Skodras et al. [17] found that the inorganic constituents in coal play a controlling role in 

determining gasification reactivity. A reasonably good correlation exists between the 

alkali index and the gasification rate, which, in the studied region of alkali indices, varied 

almost linearly with the alkali index. For both H2 and CO2, gasification rate increased 

proportionately to Ca concentration, but such correlation was not evident for Na and K, 

possibly due to their low content and the chemical form of these elements in the organic 

structure. An initial increase and a subsequent decrease in gasification rate with Mg 

concentration were found for both H2 and CO2. As for Fe, hydrogasification rate seems to 

be almost unaffected (a slight decrease was actually observed with Fe concentration), 

while no correlation was evident for CO2 gasification. Murishita [18] investigated the 

relationship between physical and chemical properties of coal treated at high temperature 

and gasification reactivity. Different rank coals were characterized by oxygen 

gasification, TPD, X-ray diffraction and AAS. He found that  mineral matter in  coal 

catalyzed gasification at low temperatures and at  900-1700
o
C, the gasification reactivity 

of thermally processed semi-coke decreased with increasing temperature of thermal 

treatment, with the degree of decrease depending on coal types. Other studies [19-21] 

showed significant variation of gasification rate which was attributed to the mineral 

matter present in coals. The catalytic effects of mineral matter in low rank coals on 

carbon-steam reaction were confirmed by several workers [22, 23]. It was observed that 

both the original and ash forms of mineral matter enhanced the gasification rate. The 

enhanced rate was associated with the presence of the Ca cation in a well-distributed 

form. Other alkali earth metals, e.g., Ba and Sr, were found to be even more efficient 

catalysts for the carbon-steam reaction
 
[22]. Although these metals are present in mineral 

matter of low-rank coals in much lower concentrations than Ca, their effect on 

gasification rate may be important. Catalytic effects were also observed when alkali earth 

metal salts were added to untreated or de-mineralized coals. These effects were more 

pronounced in coals containing high concentrations of acid sites [24]. In low-rank coals 

acid sites are present in high concentrations whereas in less reactive coals they may be 

created on pre-oxidation. 

 

Coal gasification offers one of the most versatile and cleanest ways to convert coal into 

electricity, hydrogen, and other energy forms. The first coal gasification electric power 

plants are now operating commercially in the United States and in other nations, and 

many experts predict that coal gasification will be at the heart of the future generations of 

clean coal technology plants for several decades into the future. The capability to produce 

electricity, hydrogen, chemicals, or various combinations while eliminating nearly all air 

pollutants and potential greenhouse gas emissions makes coal gasification one of the 

most promising technologies for the energy plants of tomorrow.  
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EXPERIMENTAL PROCEDURES 

 

Task 1. Macerals Separation from Coal 

 

Task 1.1 Sampling  

 

Samples were collected from stockpiles at active mines on the most important Illinois 

Basin coal seams, including the No.6 (Herrin), No.5 (Springfield), and No.2 

(Murphysboro) seams. The samples were washed carefully to remove excess dirt and 

rock dust and then air dried before sampling for lithotypes. Coal lithotypes, specifically 

fusains and vitrains, were hand-separated based on visual observations and physical 

macroscopic properties, including brightness, luster, banding, striations, and width of 

bands [25]. The hand-picked fusains and vitrains were then inspected using a binocular 

microscope (WILD M5D HEERBRUGG
®
) under 12x magnification and separated 

further to improve lithotype purity. Fusain is expected to be predominantly fusinite, 

whereas vitrain should contain mostly vitrinite macerals when observed under the 

microscope. Depending on the purity and mineral content of the hand-picked lithotypes, 

heavy liquids were used to further separate the coal and to improve maceral purity prior 

to subsequent analyses. These samples were used also as feedstock for density-gradient 

centrifugation to provide pure (>95-99%) maceral concentrates (as described below). 

 

Task 1.2 Density-gradient Centrifugation (DGC) 

 

DGC was used to produce maceral concentrates representative of relatively pure end-

member macerals allowing us to evaluate the influence of maceral content on gasification 

behavior. The first step in the DGC process was micronization of the samples to < 5 

microns. A few grams of each of the samples were micronized using a Sturtevant
®

 

micronizer to reduce sample size by grain-to-grain collision in an inert N2(gas) atmosphere. 

This fine grinding helped to liberate mineral matter from macerals and to promote 

fracture along maceral boundaries, thus improving the purity of DGC fractions. The DGC 

separation was performed using a Beckman-Coulter centrifuge equipped with a JCF-Z 

rotor. Two grams of micronized samples were mixed with 200 ml of distilled water and 

approximately 2-3% surfactant (Brij-35) and sonicated for approximately 15 minutes to 

ensure good particle separation. A density-gradient was created in the JCF-Z rotor by the 

gradual and controlled mixing of two stock solutions using a peristaltic pump. The 

complete gradient consisted of a column of aqueous cesium chloride (CsCl) ranging from 

1.65 g/mL at the bottom to1.00 g/mL at the top of the rotor. Two grams of sample, mixed 

in distilled water and surfactant were carefully layered on top of the gradient. The 

centrifuge was then run at high-speed (20,000 rpm) for 2 hours. Under these conditions, 

the density gradient re-oriented from horizontal to vertical, and coal particles migrated 

through the gradient until they were in equilibrium with the surrounding solution. After 2 

hours, the rotor contents were pumped out through a continuous-read densitometer and 

dispensed into test tubes using a fractionator. The contents of each tube were then filtered 

through a pre-weighed 0.8-micron filter, washed with distilled water, left to dry 

overnight, and weighed. The sample weights (by difference) were then plotted along with 

their density to produce a density profile for the samples. Selected DGC fractions were 
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analyzed by microscopy, and the purest fractions of liptinites, vitrinites and fusinites were 

selected for subsequent gasification. DGC runs were repeated as needed to obtain 

sufficient samples for processing. 

 

After establishing the density profiles for the coals, aliquots of selected density fractions 

were evaluated by optical microscopy to determine the respective cut-off points for each 

maceral. For example, for vitrinite, a cut-off point of 1.3 g/mL was used; as there was so 

little liptinite present in the hand-picked sample, no liptinite cut-off was used, i.e., the 

vitrinite concentrate included all components with densities < 1.3 g/mL. For the fusinite 

sample, a cut-off point of 1.35 g/mL was determined, and then a solution with a density 

of 1.35 was used to concentrate fusinite from the hand-picked lithotype. To remove free 

mineral matter from this fusinite fraction, a 1.7 g/mL cut-point was used.  These "clean" 

samples were then used for subsequent gasification analyses. 

 

Task 1.3 Coal Petrography 

 

Representative, crushed (250 μm) samples of whole-coals, lithotypes, and maceral 

concentrates were mixed with epoxy resin, allowed to cure, and then polished using 400 

grit, 600 grit, 1.0 μm (α-alumina), and finally 0.06 μm (colloidal silica) polishing 

compounds according to standard procedures [26]. Samples were examined using 

reflected white-light illumination and under blue-light (450-490 nm) excitation (oil 

immersion) using a Zeiss Universal optical microscope. Combined white-light, blue-light 

quantitative 500 point-count analysis was performed to determine both maceral content 

and microlithotype content. The level of coal maturation was determined based on 

vitrinite reflectance using standard techniques [27]. Optical evaluation was also 

conducted to assess the types and modes of occurrence of minerals present in the 

samples. 

 

Task 2. Manipulation of Illinois Coal Samples to Vary their Mineral Contents and 

Compositions 

 

Task 2.1 Crushing & Grinding 

  

Some of the minerals, including the iron minerals, are known to be finely disseminated in 

Illinois coal. Therefore, the raw coal samples were crushed to fine (< 250 μm) particle 

size to liberate most of the minerals.  

 

Task 2.2 Float/Sink Analysis  

 

Lithium Meta Tungstate (LMT) solution, having a specific gravity of 3.0, was used in 

varying the collected samples’ compositions. Laboratory float/sink exercises were 

conducted on the collected samples (No.2, No.5, and No.6) to produce mineral 

concentrates in the sink product. Three density fractions were prepared including 1.3 float 

(nearly pure clean coal), 2.2 x 2.8 (non-pyrite minerals in coal) and 3.0 sink (coal pyrite). 

XRD analysis was conducted on all density fractions to determine the exact mineralogical 

compositions. The high density fractions were added in varying proportions to the low 
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density fraction (1.3 float) to prepare different feed samples for the TGA and batch 

reactor gasification studies. 

 

Task 3. Coal Sample Characterization 

 

Particle size analysis was performed to determine the particle size distribution (volume 

distribution) as well as mean particle size. Wet analysis was performed on the samples 

using a Microtrak SD3000 sample delivery system with Blue Wave analyzer. The 

samples were sonicated for 2 minutes prior to analysis and the average of three runs per 

sample was reported.  

 

X-ray diffraction (XRD) analysis was used to determine qualitative and semi-quantitative 

mineral associations within the coals. Whereas, this analysis is typically performed on 

low-temperature ashes (LTAs), whereby the organics have been removed under oxygen 

plasma at relatively low temperatures, XRD analysis was performed on whole coals using 

data processing software that can remove the organic x-ray signature. A Rigaku Ultima 

IV XRD with JADE 9.1+ Analysis Software was used to obtain mineralogical data on 

whole-coal samples of the MbNo.2, Illinois No.5, and Illinois No.6 feed and float coal 

samples. Data were plotted as counts (intensity) vs. degrees two-theta (deg.).  JADE+ 

Software was used to identify mineral peaks and remove background noise.   

 

Task 4. Thermogravimetric Studies of Coal Gasification 

 

Task 4.1 TGA Experiments 

 

The TherMax 500 Pressure Thermogravimetric Experimental Station was used in this 

task. The balance consists of two parts: a D-110 Recording Microbalance and a pressure 

head. Typical specifications for the balance include a sensitivity of 1 μg, capacity up to 

100 g and a dynamic range of 1,000,000:1. Though the balance has a sensitivity of 1 μg, 

the high-pressure and high-temperature conditions limit the effective sensitivity 

depending on the conditions, e.g. temperature drift = 10 μg/˚C.  

 

Procedure- A clean quartz sample bucket was hung from the alumina hang-down wire 

connected to the microbalance. After taring the balance, a sample of approximately 20 

mg (varied during mass effect studies) was placed in the sample bucket. The furnace was 

then sealed and gas flows were established. Helium was used as purge gas, and nitrogen 

was used as furnace gas and reaction gas. The purge gas was started with a flow of 500 

mL/min. After about 5 minutes, the furnace gas was started with a flow of 470 mL/min. 

After about 2 minutes, reaction gas was started with a flow of 470 cc/min. The flow 

imbalance between the reaction gas and purge gas prevents the microbalance housing 

from exposure to damaging gases. Likewise, the balance of gas flow between the reaction 

gas and the furnace gas prevents oxidizing gases from contacting the furnace, while still 

allowing adequate gas separation and elevated pressure operation. After the gas flows 

were established, the electronic pressure regulator was set to the desired pressure. After 

the desired pressure was established, the heating bands on the entrance and outlet of the 

furnace were turned up to 250 and 210 ˚C, respectively. The TGACQ program was used 
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to start the furnace temperature ramp. The final temperature was set to 1000
 o

C with a 

heating rate of 20 
o
C/min. During the temperature ramp, pyrolysis was observed by an 

initial weight loss without a reactive medium entering the furnace. After about 4 minutes 

past when the temperature stabilized near 1000
 o

C, and pyrolysis had clearly finished, the 

water pump was started. The flow of the pump was set to 0.04 mL/min liquid H2O, 

delivering approximately 10 vol.% of the total gas flow once vaporized. Concurrently to 

switching on the pump, the flow of reaction gas was set to 420 mL/min. When the weight 

of the sample no longer changed, the run was stopped and the water pump was turned off. 

The furnace took about one and a half hours to cool down. When the furnace cooled to 

below 200
 o

C, the heat bands were turned off. The flow of reaction gas, furnace gas and 

purge gas were set to zero, and the remaining sample was removed. When necessary, 

internal TGA components were flamed with a propane/butane torch to remove any 

deposits which could be a source of static in subsequent experiments. 

 

Task 4.2 Kinetic Calculation 

 

Gardner [28] developed general curve analysis procedures based upon comparisons 

between observed rate laws for solid state reactions and rate expressions derived from 

specific mechanism assumptions. Ten models that are commonly used for coal 

decomposition are listed in Table 1. They can be classified into four categories: for 1 and 

2, nucleation and growth are the rate determining steps; 3 and 4 are based on the reaction 

order; 5-6 are based on the geometric nature of the growth of reaction interface; 7-10 are 

for diffusion as the rate determining step. 

 

The degree of gasification, X, was defined as: 

 

X = ΔW/ΔW
*
 

 

Where ΔW is the weight loss at time t and ΔW
*
 is the weight loss for complete 

gasification of the pyrolyzed sample. ΔW was
 
calculated by subtracting Wt, the weight at 

t, from the initial weight of sample after pyrolysis, W. ΔW
*
 was calculated by subtracting 

the final weight after gasification, W
*
 (close to weight of ash of sample) from W. For 

each sample, plots of ln[-ln(1-X)] vs. ln(t) were prepared and the slope, m, of linear 

sections was used to identify the rate determining steps (Table 1).  

 

Once the best suited models were determined, the associated equations were used to 

calculate the rate constants, again by a graphical approach. The values of k were 

calculated for each sample during TGA and compared to identify trends of 

mineral/maceral contents with gasification rates.  

 

Task 5. Study of Gasification in the Batch Reactor  

 

In addition to the TGA studies, gasification was carried out in a custom-made stainless 

steel reactor, constructed from Swagelok tubing and fittings. The conditions for the batch 

reactor studies were identified on the basis of the TGA studies. Batch reactor gasification 

studies were performed at atmospheric pressure, 800  C, and in varying steam 
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concentrations in nitrogen.  uring the pyrolysis stage, the coal samples were heated to 

 00  C under nitrogen flow. After drying, the decomposition of organics released 

hydrogen, carbon monoxide, carbon dioxide, light hydrocarbons, and tars, leaving ash 

and fixed carbon.  uring the gasification stage, steam was introduced to the reactor held 

isothermally at  00  C and the nitrogen flow was reduced to maintain the same residence 

time for each experiment. The steam then reacted with the char producing primarily 

hydrogen and carbon dioxide. The gaseous products were analyzed using an Agilent 3000 

MicroGC and Cerity software. 

 

 

Table 1. Ten commonly used models of coal decomposition. 

# Model Equation m 

 Sigmoid rate equations 

1 Avrami-Erofe’ev                     [-ln(1-X)]
1/2

 = kt 2 

2 Avrami-Erofe’ev                     [-ln(1-X)]
2/3

 = kt 3 

 Based on reaction order 

3 Zero Order X = kt 1.24 

4 First Order -ln(1-X) = kt 1 

 Based on geometric models 

5 Contracting area 1-(1-X)
1/2

 = kt 1.11 

6 Contracting volume 1-(1-X)
1/3

 = kt 1.07 

 Based on diffusion mechanisms 

7 One-dimensional                  X
2
 = kt 0.62 

8 Two-dimensional                (1-X)ln(1-X) = kt 0.57 

9 Three-dimensional       [1-(1-X)
1/3

]
2
 = kt 0.54 

10 Ginstling-Brounshtein      1-2X/3-(1-X)
2/3

 = kt 0.57 

 

 

  



13 

RESULTS AND DISCUSSION 

 

Task 1. Macerals Separation from Coal 

 

Coal lithotypes, specifically fusains and vitrains, were hand-separated based on visual 

observations and physical macroscopic properties, including brightness, luster, banding, 

the presence or absence of striations, and width of the bands. Coal lithotypes are divided 

into four different types: fusain (silky luster, black/gray coal with very fine bands and 

lenses), durain (gray to brownish black with greasy luster in layers up to several 

centimeters), clarain (luster between that of vitrain and durain; bright and dull striations, 

which must be less than 3 mm), and vitrain (very bright bands with conchoidal fracture) 

[25]. 

 

To evaluate the maceral composition of the hand-separated lithotypes, 500-point maceral 

counts were performed on the samples and the results are shown in  

Table 2, along with results from the feed and float samples collected or prepared from 

each seam.  

 

 

Table 2. Maceral composition of hand-picked maceral concentrates (vol.%). 

 

Sample ID 

Vitrinite 

(%) 

Liptinite 

(%) 

Inertinite 

(%) 

Illinois No.6 86.3 11.3 2.3 

Illinois No.6_Float 90.0 3.7 6.3 

MB No.2 80.3 3.7 16.0 

MB No.2_Float 87.7 5.3 7.0 

Illinois No.5 88.7 2.0 9.3 

Illinois No.5_Float 93.3 3.3 3.3 

Illinois No.6_F 35.9 0.4 63.7 

Illinois No.6_V 95.7 2.0 2.3 

MB No.2_F 42.0 1.0 57.0 

MB No.2_V 94.7 1.3 4.0 

 

 

These results indicated a high degree of success in obtaining vitrinite concentrates by 

hand-picking of vitrain bands (~95% purity). There was less success in obtaining fusinite, 

concentrates, an inertinite maceral, by hand-picking of fusains, with samples containing 

only 57-64% total inertinite and as much as 35-42% vitrinite. The fusains were thus 

subjected to density-gradient centrifugation to identify the density fractions that would 

contain inertinite rather than vitrinite, so that additional processing of the sample (using 

specific density cut-points) would result in a relatively pure sample of fusinite and semi-

fusinite. 

 

The density profiles for the Murphysboro fusain is shown in Figure 1. Densities increase 

from liptinite to vitrinite to inertinite. Regions within the density profile of both samples 
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were allocated to the different maceral groups based on previous experience with Illinois 

Basin coals. In the region considered to be transitional between vitrinite and inertinite, a 

few fractions were sampled for petrographic analysis.  

 

Based on petrographic evaluation, it was established that the inertinite macerals were 

concentrated in the density range 1.35 g/mL to 1.65 g/mL for fusains. A density cut-point 

(1.35 g/mL or above) was then used to concentrate the inertinite from the bulk sample in 

larger quantities, thus removing the vitrinite.  

 

 

 
Figure 1. Density profile for MB No.2_F. 

 

After establishing the density profiles for both the Illinois No.6 and the Murphysboro 

No.2 coals, aliquots of selected density fractions were evaluated by optical microscopy to 

determine the respective cut-off points for each maceral.  

 

Petographic analysis of density-separated maceral concentrates for the Illinois No.6 

coal demonstrated a considerable improvement in the degree of concentration 

of the fusinite macerals, but as the hand-picked vitrain sample was very high 

in vitrinite to begin with, there was no further improvement in that sample 

(Table 3). The fusinite concentrate contained 62.67% fusinite and 18.67% 

semifusinite; thus total inertinite content increased from the original 63.7% to 

81.33%. Up to 20% of the fusinite concentrate is vitrinite, but further 

enrichment is probably not possible due to the large feed-stick size used for 

the DGC (250 μm) that was required for subsequent gasification runs ( 

Figure 2). In addition, whereas most of the mineral matter was removed from the 

vitrinite and fusinite concentrates because of the density separation techniques used, 

small amounts of minerals (clays and pyrite) that were intimately admixed with the 

macerals were not removed due to the larger feedstock needed for the subsequent 

gasification runs. In order to obtain very high purity samples, feedstocks would need to 

be micronized, producing a product with a size of approximately 1-5 μm. 
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Table 3.  Maceral composition (vol.%) of density-separated fusinite (1.35-1.7 g/mL) and 

vitrinite  (< 1.3 g/mL) fractions of the Illinois No.6 Coal. 

Sample ID 

Vitrinite 

(%) 

Liptinite 

(%) 

Fusinite 

(%) 

Semifusinite 

(%) 

Illinois No.6_F2 18.67 0.00 62.67 18.67 

Illinois No.6_V2 94.00 0.33 2.33 3.33 

 
. 

 
 

Figure 2. Representative photomicrographs of the Illinois No.6 coal vitrinite (A, B) and 

fusinite (C, D) concentrates (white-light illumination, oil immersion). Note the 

predominance of vitrinite in A and B, but minor presence of inerts and pyrite; fusinite 

and semifusinite predominate in C and D, but vitrinite and pyrite also occur. Vit = 

vitrinite; Fus = fusinite; SF = semifusinite; Pyr = pyrite. Scale bar = 20 microns. 

 

Task 2. Manipulation of Illinois Coal Samples to Vary their Mineral Contents and 

Compositions 

 

The efforts in Task 2 produced numerous mixtures, from each raw coal sample, of nearly 

pure coal, pyritic minerals, and non-pyritic minerals. These samples have been analyzed 

for mineralogy by XRD and results are provided under Task 3. 

 

 

A B 

C D 

Vit 

Vit 
Vit 

Fus Fus 

Fus 
SF 

Pyr 

Pyr 
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Task 3. Coal Sample Characterization 

 

Low-temperature ashing (LTA) was performed on feed and float samples of each coal 

seam. Results, along with the weight of remaining sample after TGA, are shown for 

comparison in Table 4. The very similar weights for the theoretical (calculated from LTA 

studies) and actual (determined during TGA) indicate the complete gasification of 

organic matter during TGA studies.  

 

Table 4. Results of low-temperature ashing tests of select samples. 

Sample ID 

Ash 

(%) 

Initial 

Weight (mg) 

Weight after gasification (mg) 

Theoretical Actual 

Illinois No.6 35.658 20.342 7.254 6.002 

Illinois 

No.6_Float 

2.796 18.202 0.509 0.801 

Illinois No.5 7.595 18.708 1.421 1.596 

Illinois 

No.5_Float 

5.205 19.152 0.997 1.040 

MB No.2 25.491 19.296 4.919 4.656 

MB No.2_Float 3.651 19.029 0.695 0.761 

 

 

The particle size distributions of MB No.2-based samples are shown in Figure 3, and the 

mean particle sizes of all the samples are listed in Table 5. The distributions of MB No.2 

samples were typical of the Illinois No.5 and Illinois No.6 –based samples as well. As 

expected, the feed samples had the most widely distributed and largest particle sizes.    
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Figure 3. Particle size volume distributions for MB No.2-based samples. 

 

Table 5. Mean particle sizes of coal samples (by volume). 

Sample ID 

Mean 

Particle 

Size 

(μm) Sample ID 

Mean 

Particle 

Size 

(μm) Sample ID 

Mean 

Particle 

Size 

(μm) 

Illinois No.6 147.8 MB No.2 217.2 Illinois No.5 104 

Illinois No.6_Float 101.3 MB No.2_Float 129.1 Illinois No.5_Float 111.7 

Illinois No.6_P1 26.99 MB No.2_P1 14.96 Illinois No.5_P1 12.76 

Illinois No.6_P6 44.63 MB No.2_P6 26.26 Illinois No.5_P6 41.33 

Illinois No.6_T1 20.72 MB No.2_T1 48.36 Illinois No.5_T1 58.84 

Illinois No.6_T4 36.89 MB No.2_T4 33.89 Illinois No.5_T4 46.10 

Illinois No.6_V2 122.9 MB No.2_V2 97.35 
  

Illinois No.6_F2 75.65 MB No.2_F2 62.81 
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Results of XRD are listed in Table 6, and these values were used to determine a 

correlation between gasification rate(s) and mineral content. From Table 6 it is clear that 

the preparation methods used were successful in producing samples of varying calcite 

and pyrite concentrations. Other mineral species, such as quartz and kaolinite, are not 

expected to effect the gasification reactions. It is also important to keep in mind that these 

values are relative to the total mineral concentration of the samples. While the 

concentration of a given mineral may be high, the total mass of minerals in the sample 

could still be lower than another sample with a lower concentration of said mineral, yet 

higher total mineral mass. It is also important to keep in mind that these values are 

relative to the total mineral concentration of the samples. While the concentration of a 

given mineral may be high, the total mass of minerals in the sample could still be lower 

than another sample with a lower concentration of said mineral, yet higher total mineral 

mass.  

 

Table 6. Results of XRD analysis of selected samples. 

Sample ID 
Quartz 

 (%) 

Kaolinite 

 (%) 

Pyrite 

(%) 

Calcite 

% 

Other 

(%) 

Illinois No.6 52.8 34.5 3.3 5 4.4 

Illinois No.6_Float 53.1 0 46.9 0 0 

Illinois No.6_P1 19.6 74.1 6.3 0 0 

Illinois No.6_P6 22.3 74.8 2.9 0 0 

Illinois No.6_T1 29.5 17.0 0 21.8 30.9 

Illinois No.6_T4 31.1 62.6 0 2 4.3 

Illinois No.5 57.8 0 12.6 29.6 0 

Illinois No.5_Float 100.0 0 0 0 0 

Illinois No.5_P1 55.6 0.0 44.4 0 0 

Illinois No.5_P6 53.0 17.4 29.0 0 0 

Illinois No.5_T1 25.8 35.2 0.0 31.3 7.7 

Illinois No.5_T4 60.7 0 39.3 0 0 

MB No.2 55.6 25.1 19.2 0 0.1 

MB No.2_Float 96.0 0 0 0 4.0 

MB No.2_P1 73.6 0 26.4 0 0 

MB No.2_P6 85.4 0 14.6 0 0 

MB No.2_T1 68.9 15.4 15.4 0 0 

MB No.2_T4 66.5 0 20.8 0 12.7 
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Task 4. Thermogravimetric Studies of Coal Gasification 

 

Firstly, non-isothermal thermogravimetric analysis was performed to study pyrolysis of 

Illinois No.6 coal in argon at a temperature ramp rate of 10  C/min (visible in Figure 4). 

Two primary weight decreases can be seen and correspond to an 8.6% decrease in weight 

from drying and a 23.1% decrease in weight during devolatilization. The sample weight 

begins to level off around  00  C, which indicates the remaining sample mass consists of 

mineral matter and fixed carbon. It could also be concluded that  00  C is a suitable 

temperature to perform isothermal batch reactor gasification studies. 

 

 

Figure 4. Weight change during pyrolysis of Illinois No.6 coal. 

 

TGA sample weight study- When performing TGA to determine reaction rates, it is very 

important to identify the appropriate sample weight. Experimental error becomes greater 

as the sample weight decreases. On the other hand, using larger samples can introduce 

bulk diffusion hindrances both of the steam into the sample pores, as well as, the reaction 

products out of the pores. The best sample weight is usually determined experimentally. 

The results of TGA sample weight study are provided in Figure 5 and Figure 6. In Figure 

5 the measured sample weight is plotted vs. time, but this representation can be difficult 

to understand. Figure 6 is a plot of the weight% vs. time. In Figure 6 it is more easily 

shown that the 50 mg sample appears to gasify at a much slower rate, as evident from 

observing the slope of the line during gasification when compared to the other sample 

weights. Also, the 5 mg sample, and to a greater extent, the 10 mg sample, exhibit a 

lower percentage of final sample weight. For these reasons, our TGA studies were 

performed with 20 mg samples.   
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Figure 5. Comparison of difference sample masses of Illinois No.6 on TGA. 

 

 

Figure 6. Comparison of difference sample masses of Illinois No.6 on TGA, weight% 

basis. 
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TGA pressure study- To determine which pressure is ideal for steam gasification, in 

particular, for increasing the rate of gasification, TGA experiments were performed at 

atmospheric, 100 psi, 300 psi, and 500 psi. The results are shown in Figure 7. The 

weights shown are shifted by buoyancy forces of the pressurized reaction medium, 

resulting in decreased measured sample weights with increasing pressure. Also, this 

sample weight is shown to increase as the furnace temperature increases. As explained in 

the TGA procedure above, however, the initial sample weights are determined at 

atmospheric pressure and temperature. The weights on the graph to observe are the 

sample weights at the beginning of the gasification zone and the end of the gasification 

zone, as the gasification is occurring under steady state conditions and therefore the 

buoyancy forces are constant. The sharpest decline in sample weight is easily visible for 

the atmospheric pressure (0 psig) test, indicating lower pressures are favorable for steam 

gasification. 

 

 

 
 

Figure 7. Comparison of difference pressures on Illinois No.6 TGA. 

 

Kinetic Study: TGA gasification results include the weight change of the coal sample as a 

function of time. This weight change could be directly related to the extent of the reaction 

conversion. The kinetics of the gasification reactions can be described by equations of the 

type F(X) = kt, where F(X) depends on the mechanism controlling the reaction and X is 

the extent of the reaction variable, as described in the experimental section.  
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Figure 8. Effect of pyrite and calcite concentration on gasification kinetics for Illinois 

No.6. 

 
Figure 9. Effect of pyrite and calcite concentration on gasification kinetics for MB No.2. 
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Figure 10. Effect of pyrite and calcite concentration on gasification kinetics for Illinois 

No.5. 

Table 7. It was found that for all the samples the gasification can be described using two 

different equations: the beginning of the gasification tended to follow the first order 

kinetics (- ln(-X) = kt) and the second part followed the Avrami-Erofe’ev mechanism 

described by the equation (-ln(1-X))
0.5

 = kt.  
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Figure 11. Determination of mechanism(s) of gasification. 

 

Data presented in Table 7 show that vitrain (V2) prepared from Illinois No.6 and MB 

No.2 coals has higher gasification reactivity than as-received, Float, T, and P samples. 

Illinois No.6’s gasification rate constants increased from 3.06 x 10
2 

to 3.66 x 10
-2 

and 

from 4.99x10
-2 

to 16.56 x 10
-2

, for steps 1 and 2, respectively, when the isolated vitrinite 

lithotype was used. A similar trend is observed for vitrain prepared from MB No.2 coal, 

when the rate constant for step 2 increased from 4.19 x 10
-2

 to 17.31 x 10
-2

. In addition, it 

can be observed for all the other samples treated, however, the gasification rates increase 

was not as great as for vitrain. 

 



25 

 
Figure 12. Determination of rate constants. 

 

 
Figure 8. Effect of pyrite and calcite concentration on gasification kinetics for Illinois 

No.6. 
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Figure 9. Effect of pyrite and calcite concentration on gasification kinetics for MB No.2. 

 

 

 
 

Figure 10. Effect of pyrite and calcite concentration on gasification kinetics for Illinois 

No.5. 
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Table 7. Rate constants of gasification determined by TGA experiments. 

Sample k1 k2 

Illinois No.6 0.0306 0.0499 

Illinois No.6_Float 0.0314 0.0440 

Illinois No.6_F2 0.0315 0.0463 

Illinois No.6_V2 0.0366 0.1656 

Illinois No.6_P1 0.0441 0.0524 

Illinois No.6_P2 0.0434 0.0544 

Illinois No.6_P3 0.0422 0.0539 

Illinois No.6_P4 0.043 0.0557 

Illinois No.6_P5 0.0421 0.0558 

Illinois No.6_P6 0.0434 0.0594 

Illinois No.6_T1 0.0601 0.0766 

Illinois No.6_T2 0.046 0.0617 

Illinois No.6_T3 0.0437 0.0581 

Illinois No.6_T4 0.045 0.0571 

MB No.2 0.0233 0.0419 

MB No.2_Float 0.0346 0.0502 

MB No.2_P1 0.0448 0.0542 

MB No.2_P6 0.0418 0.0563 

MB No.2_T1 0.0452 0.0608 

MB No.2_T4 0.0396 0.0578 

MB No.2_F2 0.0360 0.0463 

MB No.2_V2 0.0463 0.1731 

Illinois No.5 0.0248 0.0379 

Illinois No.5_Float 0.0320 0.0517 

Illinois No.5_P1 0.0457 0.0550 

Illinois No.5_P6 0.0387 0.0520 

Illinois No.5_T1 0.0451 0.0536 

Illinois No.5_T4 0.0362 0.0517 

 

Figures 10 – 12 juxtapose the mineral concentrations with the gasification rates for each 

coal source. The results indicate that some elements present in the coal have great 

catalytic activity on gasification. Vitrain usually has high Fe and Ca content [29]. In fact, 

all of the samples showing high calcite and pyrite contents exhibit high reactivity when 

compared with raw, as received coals. For these elements showing the catalytic activity it 

is required not only the right concentration but also their location in the coal matrix. 

Morales et al. [30] showed that the rate of gasification correlates with Ca in the coal. This 

would explain the high reactivity of vitrain in the gasification process.  
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Task 5. Study of Gasification in the Batch Reactor  

 

 atch reactor gasification studies were performed at atmospheric pressure,  00  C, and in 

varying steam concentrations in nitrogen. Figure 11 shows the hydrogen produced vs. 

time in the pyrolysis and gasification of Illinois No.6_V2 at different steam partial 

pressures, and Figure 12 shows the total gas product yields during the first three hours of 

steam gasification of Illinois No.6 at different steam partial pressures. During the 

pyrolysis stage (before the black bar in Figure 11), the coal samples were heated to  00  C 

under nitrogen flow. After drying, the decomposition of organics released hydrogen, 

carbon monoxide, carbon dioxide, light hydrocarbons, and tars, leaving ash and fixed 

carbon. During the gasification stage (after the black bar in Figure 11), steam was 

introduced to the reactor held isothermally at  00  C and the nitrogen flow was reduced to 

maintain the same residence time for each experiment. The steam then reacts with the 

char producing primarily hydrogen and carbon dioxide. As could be expected, the 

hydrogen produced increased with steam concentration. Also, it can be seen in Figure 12 

that only 50% steam yielded neglible methane, while the hydrogen yield was only 

slightly less that with 75% steam. Comparing the product yields with 50% steam for 

some raw coals and maceral separates (Figure 13), it is apparent that methane production 

is low and that the maceral samples produce more hydrogen than the raw coals. Figure 14 

plots all of the product yields for all of the samples gasified in the batch reactor.   

 

 

 
 

Figure 11. Hydrogen produced during gasification of Illinois No.6_V2 at different steam 

partial pressures. 

 

Pyrolysis Gasification 
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Figure 12. Total products yield during first 3 hours of gasification of Illinois No.6 with 

different steam partial pressures. 

 

 

 
 

Figure 13. Total products yield during first 3 hours of gasification different samples with 

50% steam partial pressure.
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Figure 14. Total product yields for all batch reactor gasification tests.
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CONCLUSIONS AND RECOMMENDATIONS 

 

After review of the results of this project, the following conclusions and 

recommendations could be made: 

 

 Density-gradient centrifugation was successful for isolating vitrinite and 

inertinite macerals from raw Illinois No.6 and Murphysboro No.2 coals. 

 

 Float-sink density separation was successfully used to prepare samples of 

differing mineral contents including pyrite and calcite from Illinois No.6, 

Illinois No.5, and Murphysboro No.2 coals.  

  

 Low temperature ashing, petrography,  particle size analysis, and XRD was 

performed for selected samples to characterize the physicochemical properties 

of the samples. 

 

 TGA gasification experiments were performed at 1000
o
C at different pressures 

and samples weights. The optimum conditions for the gasification were found to 

be: atmospheric pressure and 20 mg of sample. 

 

 The kinetics studied of the gasification shows that the process involves two 

different mechanisms: the near first order kinetics followed by nuclei growth 

Avrami-Erofe’ev step. 

 

 The rate constants of each step for several samples were determined.  

 

 Both coal treatment methods (DGC and Float-sink separation) have a positive 

effect on the kinetics of gasification. Each treated sample shows higher k values 

when compared to the as-received coals for both steps. This can be attributed to 

the relatively high calcite and iron sulfide concentration.  

 

 Vitrains obtained from both Illinois No.6 and Murphysboro No.2 coals exhibits 

the higher values reaction rate constant when compared with the as-received 

coals. This effect is significant for the second step of the gasification that is 

controlled by Avrami-Erofe’ev mechanism. 

 

 Batch reactor gasification studied were performed at 800
o
C and the presence of 

different amounts of steam.  The highest hydrogen formation was observed for 

Vitrain prepared from Illinois No.6 and Float Murphysboro No.2.  

 

 Practically no CO was formed (except Murphysboro No.2 with 75% of steam). 

However, large concentrations of CO2 were detected with the highest observed 

for Illinois No.6 Vitrain and Murphysboro No.2 Float. In addition, methane in 

small concentration was detected only for Illinois No.6 samples.  
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