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LITERATURE SURVEY OF PROPERTIES OF SYNFUE~S DLR~VEb FROM CUAL* 

Francisco Flores 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

SUM~RY 

The report contains the results of a literature survey conducted by 
NASA Lewis Research Center. The survey objeczive was to systematically 
assemble existing data on the physical, chemical, and elemental composition 
and structural characteristics of synthetic fuels (liquios and gases) 
derived from coal. The report contains the survey results compiled to 
October 1980. The report includes the following: 

( i )  

(3) 

(4) 

(5) 

(6) 

(7) 

A general description of fuel properties, with emphasis on those 
properties required for synfuels to be used in gas-turbine systems 
for industry and u t i l i t i es .  

Description of the four major concepts for converting coal into 
liquid fuels (pyrolysis, solvent extraction, catalytic 
liquefaction and indirect liquefaction). 

Data obtained from the literature on ful ]  range syncrudes and 
certain dist i l late cuts for fuels derived by various processes - 
including H-Coal, Synthoil, Solvent Coal~ COED, Donor Solvent, 
Zinc Chloride hydrocracking Co-Steam, Flash Hydropyrolysis, and 
Catalytic Liquefaction (These data are segregated into tables 
according to the processes by which they were derived, and they 
are also tabulated by fuel type so that fuels of similar cut can 
be compared for the various processes.). 

Description of upgrading processes for coal liquids and 
characterization data for upgraded fuels. 

Data plots i l lustrating trends in the properties of fuels derived 
by several processes. 

Description of the most important concepts in coal gasification 
(fixed bed, fluidized bed, entrained flow and underground 
gasification) and characterization data for coal-derived gases. 

A source l is t  and bibliography on syncrude production and 
upgrading programs. 

A l ist ing of some Federal energy contracts for coal-derived 
synthetic fuels production. 

Since information on synfuels is not readily availabie in the 
literature, additional information sources were used in compiling the 
survey, such as monthly contractor reports from ongoing Department of Energy 

=A condensed version of this report was presented at the ASTM Symposium on 
Alternate Fuels and Future Fuels Specifications for Stationary Gas Turbine 
Applications, Phoenix, Arizona, Dec. 9-10, 1981. 



projects and private correspondence. These sources are noted in the data 
tables where applicable. 

INTRODUCTION 

The work aescribeo in this paper is a part of the Department of 
Energy/NASA Lewis Research Center (DOE/Lewis) Crit ical Research and Support 
Technology (CRT) project. The program is a Lewis in-house effort  with 
?unaing provided by the DOE and technical program management provided by 
NASA Lewis. 

This report  presents a l i t e r a t u r e  survey of information on coal-derived 
Tuels up to October, 1980. I t  upgrades and replaces a previously published 
l i t e ra tu re  survey ( re f .  1).  The physical and chemical proper t ies  of l i qu id  
and gaseous fuels  being produced in DOE p i l o t  p lants ano upgrading programs 
are presented. The report  also includes descr ipt ions of some coal 
l iquefac t ion ,  upgrading and gas i f i ca t ion  processes that  are at least  in the 
process development uni t  (PDU) stage. The fuels  that  are invest igated 
include low anm medium-Btu gas, heavy and l i gn t  l iqu id  d i s t i l l a t e s ,  and 
residual l i qu ids .  

Natural gas.and No. 2 fuel have been used in i ndus t r i a l  and u t i l i t y  
appl icat ions.  These fuels  are present lyused inopen cycle gas turbines fo r  
u t i l i t y  peaking service and also in combinem gas-turbine/steam-turbine cycle 
For intermediate duty service. However, these clean fue ls  are becoming 
scarce and expensive and may not be avai lable fo r  fu ture ground-based 
turbine appl icat ions.  Viable future fuels  for  ground-based gas turbines are 
heavy petroleum o i l s  in the near term and fuels derived from coal.  Adapting 
gas-turbine technology for  the use of coal-derived fue ls  requires the 
development of key c~pabilities. 

To address this need, NASA and the ERDA Office of'Fossil Energy began 
the Crit ical Research and Advanced Technology Support (CRT) project with the 
signing of Interagency Agreement EF-77-A-01-2593 on June 30, 1977. Upon 
creation of the DOE on October 1, 1977, the project was assigned to the DOE 
Division of Power Systems, which was renamed the Fossil Fuel Uti l ization 
Division. The CRT project wi l l  provide a gasturbine technical data base for 
tI~e DOE Integrated Coal Conversion and Util ization Systems Program, which is 
aimed at ~eveloping improved central-station u t i l i t y  power-conversion 
systems that use coal and coal-derived fuels. 

The technical objectives of the CRT project are 

(1) To develop combustor concepts that wi l l  f i re  coal-derived fuels in 
an environmentally dcceptable mar,~er 

(Z) To develop a combustion and materials data base to aid in 
establishing fuel specifications for aovanced, fuel- f lexible 
stationary power-conversion systems 

(3) To develop acceptable ceramic coatings for use with coal-oerived 
fuels 

C4) To develop a corrosion data base for combustor and turbine 
materials exposed to combustion products of coal-derived'fuels and 
to correlate the data in a corrosion-life prediction model 



(5) To study the trade-offs between various gas-turbine technologies, 
operating conditions, and Component designs 

The l i terature survey, which is the subject of this report, is being 
conducted under the combustion portion of the CRT project. Additional 
combustion efforts include analytical mooeling to determine combustor 
parameters that affect the conversion of fuel-bound nitrogen into oxiaes of 
nitrogen (NOx); fla~ne-tube experiments to evolv~ fundamental concepts for 
minimizing the conversion of fuel-bound nitrogen into NOx; and evaluation of 
experimental combustors with coal-derived fuels at simulated gas-turbine 
combustor operating conditions. Results of these efforts have been 
previously reported in separate publications (refs. 2 to 4). 

In surveying the l i terature, i t  becomes apparent that sufficient 
information on coal-derived fuels is not readily available. Thus, 
additional information sources included monthly reports from ongoing 
DOE-sponsored projects and private correspondence. These sources are notea 
in the data tables ~here applicable. 

DETAILS OF LITERATURE SORV£Y 

This survey emphasizes synthetic fuels processes that are the furthest 
along in development, information on both the processes an~ the fuels is 
presented. Since new data are continually generated and Published by the 
contractors involved in synthetic fuels projects~ no survey report can 
contain al l  the latest data on the fuels of most interest. However, :his 
report gives the general status of characteriza%ion data available to 
October 1980 and some of the physical and chemical data needed for the CRT 

project.  
This report is arranged in the following general format: 

(z) Fuel properties discussion - this section includes a discussion of 
fuel properties of concern to gas turbine users. 

(2) Coal 
(a) 

(b) 

(c) 

liquids 
Liquefaction processes - This section describes the four 
major concepts for converting coal into liquid fuels. 
Upgrading processes - This section describes the processes 
(mainly hydroprocessing) used to upgrade coal-derivea fuels. 
Liquid fuels property data - This section contains 
characterization data of coal-derived syncrudes and their 
d is t i l l a t ion  cuts, and properties Of uPgraded szreams, i t  
also includes a comparison of properties of different 
coal-derived liquid fuels. 

(3) Coal 
(a) 

(b) 

gases  
~asification Process - This section describes the four major 
concepts for converting coal into gaseous fuels. 
baseous fuels property data - This section contains 
characterization data for coal-derived gases and discussion 
of this data. 



FUEL PROPEKTIES DISCUSSION 

Examples of the fuel analysis sheets that were used to dollect physical 
and chemical property data for coal-derived synthetic fuels are shown in 
table i for liquid fuels and in table 18 for low-Btu gases. The l i s ts  of 
properties in these tables were taken from a number of sources that 
reconmended the appropriate fuel properties for applications of advanced 
gas-turbine systems. 

Physical property data such as pour-point, viscosity, ans d is t i l la t ion  
range are important in determining the pumping, heating, and atomizing 
characteristics of the fuel. Chemical properties such as elemental 
composition and ,trace-metal analyses are important in determining the 
combustion, emissions, and corrosion characteristics of the fuel. An 
excellent discussion of the importance of many properties listed in tables 1 
and i~ aria the use of these fuels in gas-turbine combustion systems is 
contained in reference 5. 

Rlthough i t  would be desirable to know values for all the listed 
properties for any given fuel, the current specifications placed upon 
gas-turbine fuels by users are much less comprehensive. Table Z, from 
reference 5, snows specifications for several types of liquid fuels for 
advanced gas-turbine industrial engines. The following comments on the 
importance of some of these specifications draw upon material contained in 
reference 5. 

The ash and trace-metal contaminants, which are most l ikely to be 
concentrated in the higher boiling fractions during processing, can lead to 
turbine corrosion and deposits. Of the trace metals listed in table 1, the 
more cr i t ical  ones appear to be vanadium, sodium, potassium, and lead. 

Although no specifications are shown for the elemental compositions (C, 
H, 14, S, and 0), the values of these are important in determining the 
combustion and emission characteristics of the fuel. Hydrogen content is a 
cr i t ica l  factor in controlling the smoke emission levels and the radiation 
properties of the gases in the combustor. The higher the hydrogen content 
of the fuel, the less tendency i t  has to smoke and the less tendency i t  has 
to radiate heat to the combustor walls. Fuel-bound nitrogen wi l l  contribute 
to the nitrogen oxide pollutant emissions, since varying amounts of 
fuel-bound nitrogen are converted to N0x during the combustion process. 
Sulfur in fuel leads to sulfur oxides in combustion that, when combined with 
other trace metals, can corrode the turbine. Significant emission problems 
also occur with fuel-bound sulfur since i t  is total ly converted to sulfur 
oxides in combustion. 

The pour-point and viscosity-temperature characteristics of the fuel 
are important in de%ermining: 

(I) The fuel heating that may be required to pump fuel through the 
system 

(2) The pump pressure requirements 

(3) The fuel temperature required at the fuel nozzle for proper 
atomizing. (Maximum viscosities of 10 to 20 cS, depending on the 
fuel atomizer used, are set to obtain proper nozzle operation.) 

The thermal s tab i l i t y  of the fuel - which is the tendency to form 
deposits in fuel manifolds, fuel nozzles, and fuel heaters - is a most 



important property for the higher viscosity residual fuels. These fuels may 
require he~ting to high temperatures to meet the viscosity requirements. 
The heating required for these fuels may lead to deposit formation. 

Table 3, obtaine~ from reference 27, shows som~ typical ranges of rue1 
properties applicable to current industrial gas-turbine systems. 

COAL LIQUEFACTION PROCESSES 

Four major concepts have been developed for converting coal to liquids 
( f ig.  I ) :  pyrolysis and hydrocarbonization, solvent extraction, catalytic 
liquefaction, and indirect liquefaction. Each conce~t is discussed br ief ly 
here, and the stgtus of the most important processes that use each concept 
are su~arized. The technology for coal liquefaction is reviewed in ~etail 
in references 6 to 9. 

Pyrolysis and Hydrocarboniza~ion 

Pyrolysis, or carbonization, takes place v~hen coal is heated in the 
absence of air or oxygen to obtain heavy o i l ,  l ight liquios, gases and 
char. When pyrolysis is carried out in the presence of hydrogen i t  is 
called hydrocarbonization, pyrolytic processes typical]y convert about 50 
percent of the coal to char, which presently does not have a ready ~arket. 
Thus, these processes appear to be best suited to plants that use char 
gasification to produce synthesis §as, hydrogen, or fuel gas. Using short 
residence times or pyrolyzing coal in a fluidize~ bed at high pressures in 
the presence of hydrogen improves liquic yields but may require aaoitional 
processing to reduce the sulfur in the products. Pyrolytic processes 
include Lurgi-Ruhrgas, COED, U.S. Steel Clean Coke, CGalcon, and Flash 
Hydropyrolysis. 

Lurgi-RuhrQas. - This low pressure process :vas developed for t~e 
liquefaction of'European brown coals and is the only pyrolysis process 
presently in commercial use (ref. 7). A schematic diagran~ of the process is 
shown in figure 2. Pulverized coal is rapidly neat~ to about 450 to 600~C 
by direct contact with recirculated char particles previously heate~ by 
combustion with air in an entrained flow reactor. A portion of the 
carbonized char is withdrawn as product; the rest is rec&,cled to the 
entrained flow reactor. Products of the process (by :~eight) are 50 percent 
char, !8 percent liquids, and 32 percent gases. A 1600 ton/day plant was 
bui l t  in Yugoslavia in 1963 and is s t i l l  operating. 

COED. - The Char Oil Energy Development (COED) process (refs. 7, 10, 
and 11-~as developed by FMC corporation. I t  proouces sjntnetic cru~e oi l  
by pyrolysis of crushed coal in a series of fluidized bed reactors ( f ig.  
3). Agglomeration is prevented by operating at successively higher 
temperatures. So~e of the char is gasified by s te~ and burned with oxygen 
in the fourth stage to maintain the bed temperature and to provide hot gases 
for heating and fluidizing the second and third stages. A 36 tonlaay (TPD) 
pi lot  plant in Princeton, New Jersey started operatio~l in 1970. I t  produced 
about 6 tons of o i l ,  18 tons of char, and 4 tons of gas. Pilot plant 
operations have been concluded and demonstration plants have been ~esigned. 

U.S. Steel clean coke. - The Clean Coke process (ref. 12) develoRed by 
U.S. SCeel Corporation combines pyrolysis and solvent extraction processes. 
A schematic of the process is shown in figure 4. This proces~ produces 
metallurgical coke, and gaseous and liquid fuels. A portion of the coal is 



sent to a pyrolysis unit. The char produced is used to make metallurgical 
coke. The rest of tne coal is sent ~o a so]vent extraction unit. The 
liquic product from this unit Is combined with the liquid stream from the 
pyrolysis unit and treated to obtain product fuels. Part of this liquid is 
recycled and used as a solvent in the solvent extraction unit. The gaseous 
streams from both units are also combined and treated to produce gaseous 
fuels. 

Coalcon. - The Coalcon process (refs. 7 and l l )  developed by Union 
C a r b i ~ i z e s  heavy fuel oi ls and gases. A flow diagram of the process 
is shown in figure 5. Average yields from subbituminous coal are 40 wt % 
char, 30 wt ~ liquids, 20 wt % gases, and the remainder ash. 

Flash h~dropTrolysis. - In flash hydropyrolysis processes (refs. 13 and 
14), coa| is contacted with hot hydrogen at high pressure in an entrained 
flow reactor. The reaction is terminated by rapid quenching of the 
products, thus preventing dehydrogenation, repolymerization, decomposition, 
ano carbonization. There are two major flash hydropyrolysis processes (ref. 
15): the Cities Serviccs (f;g. 6) and the Schroeder Spencer Chemical Co. 
processes ( f ig .  7). The two processes are very similar and the main 
difference between them is that the Schroeder process uses catalytic 
nyaropyrolysis and hydrogenation of the liquid products. 

Solvent Extraction 

In solvent extraction processes, coal is mixeo with a solvent 
containing relatively loosely bound hydrogen atoms. This solvent can 
transfer those hydrogen atoms to the coal at temperatures of about 500 ° C 
(932 ° F) and pressures of about 275 arm. Heating breaks many of the 
physical interactions in the coal svch. as van der Waals forces and hydrogen 
bond,ing forces. I t  also breaks wea~ chemical bonds and the solvent promotes 
hydrogen transfer to the broken bonds, The recycle solvent, usually a 
mid..distilldte of process-derived liquids, is continuously recovered ana 
recycled to the extraction vessel. The ash in the extraction vessel can act 
as a catalyst for the solvation process. The solvent extraction processes 
included in this report are: Consel Synthetic Fuel (CSF), Solvent-Refined 
Coal (SRC), Co-Steam, and Exxon Donor Solvent (EDS). 

Consol synthetic fuel. - The CSF process (refs. 7 and l l )  was developed 
by Conoco Coal Development Co. (formerly Consolidation Coal Co.). In this 
process coal is slurried with a process-derived so]vent in a stirred 
extraction vessel that operates at a temperature of approximately 400 ° C 
(750 ° F) and at pressures of I I  to 30 arm. The recycle solvent is 
hydrotreatea in a catalytic reactor at pressures of about 205 atm and 
temperatures of 425 to 250 ° C (8UU to 845 ° F). A schematic diagram of the 
CSF process is shown in figure 8. The process yielas about 63 wt % fuel 
o i l ,  25 wt % char and the rest is high-Btu gas. 

A 20 ton/day pi lot plant was bui l t  at Cresap, West Virginia to produce 
gasoline from coal. The plant was closed in 197U. I t  was reactivated in 
1976 by the Fluor Corporation for operation to produce boiler and d is t i l l a te  
fuels (ref. 16). 

Solvent-refinea coal. - The SRC process (refs. 7, lO, I I ,  and 17 to Ig) 
was developed by the Pittsburgh and l~idway Coal Mining Co. (PAMCO), a 
subsidiary of Gulf Oil Corp. The original SRC process (known as SRC-I) 
converts high-sulfur, high-ash coal to a nearly ash-free, low-sulfur fuel 
that is solid at room temperatures. Typical composition of SRC-I and raw 
coal is shown in table 4. 



In the SRC-I process, crushed coal is slurried with a process-derived 
solvent. Gaseous hydrogen is added to the slurry and the mixture is h~ated 
to about 450 ° C (850 ° F) and pressurized to about 100 arm, and fed to a 
dissolver where extraction and hydrogenation take place. The liquid/solid 
mix is separated to obtain recycle solvent, a product light o i l ,  and a solid 
fuel. A schematic of the £RC-I process is shown in figure 9. 

In a modified SRC (known as SRC-II), tne solidif ication and solvent 
recovery unit is not required. In this process~ a port:o~ of the unfiltered 
dissolver liquid product (containing undissolved coal particies and ash) is 
used for recycle Zo slurry the feed coal. This results In a higher ash 
content in the dissolver providing a pseudocatalytic effect, a longer 
retention time and a higher H/C ratio in the liquid with a lower sulfur 
content. A schematic diagram of the SRC-II process is shown in figure I0. 
In the SRC-II mode, the product streams include (based on wt % of coal): 40 
to 50 percent residual o i l ,  6 to 12 percent fuel o i l ,  and 2 to 5 percent 
naphtha. Small amounts of lighter fractions are also produced. 

The Electric Power Research Inst i tute and Southern Company services 
collaborated on a 6 ton/day PbU at Wilsonville, Alabama (refs. 20 and 21). 
Success in the PUU led to design construction and operation of a 50 ton/day 
pi lot plant at Fort Lewis, Washington. Current plans call for continued 
testing at both the Fort Lewis pi lot  plant and the ~Jlsonville PUU into 
fiscal year 1981 (ref. 16). 

The Solvent-~efined Lignite (SRL) process is being develope~ ~y the 
University of North Dakota under contract to DOE. This process is basea on 
technology derived from the SRC process. The $RL process uses synthesis gas 
!H 2 + CO) in place of the hydrogen used in the SRC process. Synthesis gas 
~s used since load-rank high moisture coal provides the necessary steam for 
the in situ production of hydrogen by the water-gas shi f t  reaction. A 
process diagram is shown in figure I I .  A 0.5 ton/day PDU has been bui l t  in 
Grand Forks, North Dakota. 

Co-Steam. - The Co-Steam process is ~esigneo to l iqui fy low ranking 
subbituminous coals which have high reactivi t ies and high moisture content. 
Coal is ] iquif ied by treatment with CD aria water byway of a noncatalytic 
reaction with hydrogen formed in the gas shi f t  reaction (ref. 6). A 
schematic of the Co-Ste~ process is sho~n in figure 12. A coa]-recycle-oil 
slurry is fed to a stirred reactor which operates at about 425 ~ C (800 ° F) 
and 275 atm. The water required for the reaction is provided by the 
moisture contained in the low-rank coal. A 5 Ib/hr continuous PUU was bui l t  
at the Grand ForKs Energy Research Center, North Dakota. The PDU started 
operation early in fiscal year 1979 and should continue through fiscal year 
1982 (ref. 7). 

Exxon donor solvent. - The EDS process involves the liquefaction of 
coal in a hydrogen donor solvent (refs. 6, 7, 22, and 23). The hydrogen 
donor solvent is a catalyt ical ly hydrogenate~ recycle stream fractionate~ 
from the midboiling range (205 to 455 ° C) of tde liquid product. A process 
diagram is shown in figure 13. After hydrogenation, the solvent is mixed 
with coal and fed to the liquefaction reactor. ~olecular hydrogen is also 
added to the reactor which operates at 425 to 480 ° C (800 to 900 ° F} and lO0 
to 140 arm. The slurry leaving ~he reactor is separated into gas, naphtha~ 
distil1~tes, and heavy bottoms. The bottoms are fed to a "Fle×icoking" unit 
to produce additional liquids and low-~tu gas. The process yields about 20 
percent char, 54 percent o i i  and 25 percent gas. The thermal efficiency is 
about 60 percent. 



Catalytic Liquefaction 

Cata ly t ic  l iquefact ion includes those hyorogenation processes in which 
ca ta lys ts  other than the mineral matter na tu ra l l y  occurring in ash are used 
to promote hydrogenation of the hydrogen donor solvent. The cata lys ts  
usual ly  used are Lewis acids such as FeO, MoO, ZnCl 2 and NiCIO 2. These 
processes have the advantage zhat a separate reactor to rehydrogenate the 
solvent is not required. However, ca ta lys t  deact ivat ion and separation 
problems have been encountered. 

Two main concepts a~e employed in ca ta l y t i c  l iquefact ion processes. I~ 
the f i r s t ,  the ca ta lys t  a,d the coal are in d i rec t  contact in the reactor ,  
uydrogen gas is introduced, and rapid hydrogenation is achieved. Examples 
of these processes are the Schroeoer and Liquid-Phase Zinc Chloride. In the 
second concept, the coal and the ca ta lys t  are not in d i rec t  contact,  but the 
suspended pe l le t ized cata lys t  promotes hydrogenation of the ca r r ie r  solvent, 
wl~ich in turn hydrogenates the coal. Examples of these processes include 
H-Coal, Synthoi l ,  and Clean Fuel From Coal. 

Schroeaer. - In the Schroeder process, coal is impregnated with an 
ammonium molybdate cata lys t  and fed to a hydrogenation reactor along with 
gaseous hyorogen { re f .  7). Residence times of 30 sec are used in the 
reactor.  Products from the reactor are cooled and separated; heavy o i l  is 
fu r the r  hydrotreated to d i s : i l l a o l e  o i l s  and gas. A schematic of the 
process is shown in f igure 14. Proouct y ie los are about 30 percent 
d i s t i ] l a b l e  l i qu ids ,  35 percent residual l i qu ids ,  5 percent char, and 30 
percent gas. Bench-scale tests of th i s  concept were completed in 1962. 

Liquid-phase zinc chlor ide.  - The l iquid-phase ZnCI2, developed by 
Continental Oil Co., is designed to convert coal into d i s t i l l a t e s  in the 
gasoline range by severe ca ta l y t i c  cracking under hydrogen pressure ( re fs .  6 
and 7). In th is  process coal is mixed with molten ZnCI 2 and fed to a 
hydrocracking reactor ( f i g .  ]5 ) .  The products are col lected and separated 
from the cata lys t  which is regenerated and recycled. A 1.2 ton/day PDU has 
been b u i l t  by the Conoco Coal Development Co. at L ibrary,  Pennsylvania. 
ShaKedown test ing began in 1978 ( re f .  24). 

H-Coal. - The H-Coal process is being developed b/ Hydrocarbon Research 
Inc.  (HRI~. This is a l iqu id  phase process in which coal suspended in a 
recycle solvent is contacted with par t i cu la te  ca ta lys t  in an ebul lat ing-bed 
reactor  ( refs.  6 and 7).  A schematic of the H-Coal process is shown in 
f igure 16 and the ebul lat ing-bed reactor  is shown in f igure  17. A s lu r r y  of 
coal and solvent is forced upward through the reactor which operates at 450 ° 
C (850" F) and 150 to 205 arm. The re la t i ve  sizes of the cata lys t  and the 
coal par t i c les  are such tha t  the ca ta lys t  stays in the reactor .  Since 
ca ta lys t  deact ivat ion has been rapid,  provision is included to withdraw and 
add cazalyst  cont inuously.  

The H-Coal process y ie lds  about four barre ls of o i l  per ton of coal 
(about 74 percent conversion e f f i c iency  by weight).  About 5 percent char is 
also produced. A s e l f - s u f f i c i e n t  p lant  w i l l  be about 64 percent thermal ly 
e f f i c i e n t .  

The Off ice of Coal Research (OCR) and an indus t r i a l  consortium funded 
the bu i ld ing of a 3 ton/aayPDU. The experimental resu l ts  and the economic 
f e a s i b i l i t y  studies were used to complete the design of a 600 ton/day p i l o t  
p lant ( re f .  25 ) .  The p lant  was b u i l t  in Catt lesburg, Kentucky ano is  
presen¢ly in operat ion. 

Synthoi l .  - The Synthoi l  process/ is  being developed by the DOE 
Pit tsburgh Energy Research Center (PE'RC). In th is  ca ta l y t i c  process, coal 



is mixed with a recycle liquid and passed through a fixea bea catalytic 
reactor aZ high flowrates (refs. 6, 7, i0, 11, and i~). Fhe solid dissolves 
in the liquid solvent a~d the mixture undergoes hyorogenation in the 
reactor. A schematic of the process is shown in figure 18. Projected 
overall thermal efficiency of a self-sufFicient plant is about 70 percent. 
The Synthoil process has been developed at PERC in a 5 Ib/~ay PUU. 
Foster-Wheeler has been awarded a contract to design and buila a 10 ton/day 
pi lot  plant at Bruceton, Pennsylvania. 

Clean fuel from coal. - The Clean Fuel from Coal {CFFC) process, 
developed by C-E L ummus, is designed to convert coal into low-sulfur liquid 
fuel. The main features of this process are: (a) catalytic 
hydrodesulfurization of coal integrated with dissolution to proouce a 
refine~ liquid product containing U.b percent sulfur or ~ss, an~ {b) 
special ash separation to produce a product containing less than 0.1 percent 
ash (refs. 6 and 7). A schematic flow aiagram of the C~FC process is sho~n 
in figure 19. 

Gulf catalytic coal liquids. - The Catalytic Coa] Liquids tCCL) process 
is a proprietory coal-liquefaction development of the bull ~iI ~erp. This 
process involves the fixed-bed catalytic hyorogenatio~ of a coal slurry ~ith 
gaseous hydrogen. A schematic of the ~CL process is shown in figure a0. I t  
includes a fixed-bed radial flow reactor containing a hydrogenation c~talyst 
such as cobalt molybdate. This catalyst is claimea to nave gooa resistance 
to deposition, prolonged high act iv i ty ,  and tolerance to metallic compounas 
in the coal. Bench-scale tests led to a 10 ton/day p~1ot plant at 
Han~ersville, Pennsylvania. Design studies for a demonstra:ion plant are 
being made. 

indirect Liquefaction 

Indirect liquefaction involves gasification of coal to produce 
synthesis gas (H 2 ÷ CO) followed by water-gas shi f t  and catalytic 
conversion to produce liquid hydrocarbons and oxygenated compounds. 
indirect liquefaction processes include Fischer-Tropscn, methanol syn%besis, 
and methanol to gaso!ine (ref. 7 ~. 

Fischer-Tropsch. - In the Fischer-Trospch process, ~ synthesis gas is 
i n i t i a ! l y  produced via the steam and oxygen gasification of coal. 
Gasiflcation can be accomplished in commercially available reactnrs (Lurgi, 
Winkler, Koppers-Totzek or Wellman-~alusha). In situ g~sification may also 
be used. The synthesis gas is then converted to liquid hydrocarbons, ~axes, 
ano smaller quantities of alcohol and ketones over an iron or cobal~ 
catalyst. The reaction may be carried out in fixed-bed or entrained-bed 
reactors. Total process thermal efficiency including 9~sification is about 
40 percent. A commercial unit at SASOL in So~th Africa produces about 2O0D 
bbl/day of gasoline. A new fac i l i t y  is unaer construction in South Africa 
that wi l l  increase production to 40 000 bbl/day of gasoline and fuel o i l .  

14ethanol sTnthesis. - Methanol synthesis occurs according to either 

CO + H 2 * CH30H 
or 

C02 ÷ 3H 2 ~ CH30H ÷ H20 
f 

The synthesis gas is obtained by coal gasification similar to the Fischer- 
Tropsch process. Several commercial-scale plants hav~ been bui l t  abroad, 
and the technology is considered off the shelf. ~ feas ib i l i t y  study for the 



conceptual design of a commercial plant was performed by Baoger, inc. for 
UUE (ref. 26). 

Flethanol to 9asoiine. - The Mobil Oil Co., with DOE support, is 
developing a process for"tne catalytic conversion of methanol to gasoline 
(ref. 27). This process involves the dehydration of methanol over a zeolite 
catalyst to form hydrocarbons that are highly aromatic. 

UPGRAUIN~ 06 COAL LIQUIDS 

Existing technologies for upgrading coal liquids come largely from 
petroleum refining. Upgrading of coai liquids includes removal of oxygen, 
nitrogen, and sulfur by catalytic hydrotreating, and boiling range 
conversion by f luia cataly'cic cracking (FCC) and hydrocracking. Coal 
liquids are highly aromatic and most of the contaminants (0, N, and S) are 
contained in these aromatic structures making their removal more d i f f i cu l t  
in comparison to petroleum (ref. 2~). Concentration of heavy metals (which 
deactivate the catalysts] is also much higher in coal liquid than in 
petroleum. 

Studies of catalytic hydrotreating have been performed using mainly 
liquias derivea from the Synthoil, 3RC, and m-Coal processes (refs. 29 to 
33). hydrotreating was performed on the whole crude and on fractions like 
naphtha ane wid-oist i l late. Fixed-bed and expanded-bed reactors were used 
in these studies. 

Very l i t t l e  work has been done on boiling range conversion processes 
for coal-derivea liquids. Gulf Research B Uevelopment bo., under contract 
to CUE, performed a study on the processing of coal liquid residuals by 
coking followed by FCC (ref. 34}. Problems were found due to catalyst 
deactivation by heavymetals present in the coal liquid residue. 

LIQUID 6UtLS PROPERTY PATA 

The characterization data obtained for the coal-derived liquids from 
the surveyed literature have been tabulated on the liquid fuel property form 
(table i ) .  The fuels are presented according to the process from which they 
were derived. Within any process, characteristics have been tabulated for 
aifferent boiling-range fractions, as well as for the total crude. Property 
data for some hydroprocessed coal-derived liquids are also included. Eor 
ease of referral to the data, the various dist i l la t ion cuts have been put 
into tnree general categories: light dist i l lates {naphtha, l ight oi l ,  
etc.), midale dist i l lates (diesel fuels}, and heavy dist i l lates (heating 
oils ano resiaual fuels). 

al l  the fuel properties data surveyed are contained in this section. 
Tabulations are also indexed according to the sources from which the data 
were obtained. 

Characterization data are presented in the Following tables: 

(1) Oata from H-Coal processes in table b 

(~] Data from Synthoil processes in table 6 

(3) Uata from SRC processes in table 7 
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(4) Data from COED processes in table 

(5) Data from the Gulf CCL process in table 9 

(6) Data from the EDS process in table I0 

(7) Data from the ZnCl 2 Hyorocracking process in taole I I  

(8) Data from the Co-Steam Process in table 12 

(9) Data from the Flash Pyro lys is  process in tab le  i3 

( I0 )  Data from a ca ta l y t i c  l iquefac t ion process in table 14 

( I I )  Data from the Sea Coal process in table 15 

(12) Summary of l iqu i~  fuel  propert ies in table 16 

This l i terature survey emphasizes those processes that are furthest 
along in development and are s t i l l  active. This criterion could probably 
have restricted the search to the liquefaction processes of H-Coal, 
Synthoil, SRC, EDS, ano COED. However, i t  was fe l t  that Ir:lu~ing data on 
newer processes like the CCL and the Liquio-Phase ZnC12, could be useful. 

I t  is readily apparent from casual examination of tables 5 to 16 that 
many of the fuel properties data of interest to ~his survey have not been 
determined for the fuels produced to date. In a few specific instances, 
where the fuel characterization studies were of fuels for gas-turbine 
engines, many more relevant property data are available. Data of this type 
can be found in references 38, 47, and 41. 

Some of the more important property data on liqui~ fuels have been 
summarized in table 16. Plots of these data are shorn in figures 21 to 23. 
Although different boiling ranges of the fuels are sho:m in table 16, all 
the data available for each fuel are plotted, irrespective of the type of 
process or the type of d is t i l l a te  cut. Table 17 sno~s proposed 
specifications fur ty3ical coal-derived liquid fuels to be used in 
gas-turbine engines. 

Figure 21 shows the general trend of increasing wt % of hyaro9en with 
increasing API gravity of the product, regardless of the process by which i t  
was produced. Data for only one fuel were signif icantly different from the 
general trend. 

Figure 22 shows how the wt % of nitrogen varie~ ~ith the wt ~ of 
hydrogen. As hydrogenation severity is increased in %he rue] production 
process, the fuel-bound nitrogen is Oecreased, as would be expecteo, because 
some fuel-bound nitrogen is converted to a~onia (i~H3). The data for the 
ZnCl 2 Hydrocracking process (ref. 58), not plotted in figure 22, showed 
n~trogen levels signif icantly lot~er than that of any other process-derived 
fuel at comparable hydrogen levels. In the hyarocracking process, the bond~ 
between carbon and heteroatoms (U, N, and S) are usually broken resulting in 
a higher conversion to NH 3 and a lo~er nitrogen content in the product 
fuel. Nitrogen levels for the ZnCl2-derived fuels were from O.OUIB to 
0.0019 wt % for hydrogen levels of ~.3 to 9.65 wt %. 

Figure 23 shows how heat of combustion for l iquio fuels varies with 
wt % of hydrogen for those few fuels for which such data ~ere reported. 
Again, the trend is independent of the processing type. 

II 



COAL ~ASIFICATION PRUCESSES 

The primary purpose of gasification processes is to proviae clean fuels 
in gaseous form that wi l l  meet existing emission standards. These processes 
are based on thermal decomposition of coal and gasification or combustion of 
the resulting char~ The products of gasification are classified as low- and 
intermediate-Btu gases. Low-Btu gas (heating value below ZO0 ~tulscf) is 
made by gasifying coal with air and steam. Four major concepts for coal 
gasification have been developed: fixed beo, fluidized bed, entrained flow, 
and underground gasification. The technology for coal gasification is 
reviewed in ~etail in reference b2. 

Fixed Bed 

In fixed-bed gasifiers, coal is fed into the top of the gasifier and 
moves slowly downward in a bed through which air or oxygen flows upward. 
The countercurrent contact permits both the coal and gaseous reactants to be 
preheated before gasification, thus increasing the overall thermal 
efficiency. Relatively long residence time of the fuel in the reaction 
vessel permits high carbon conversion. The long residence time reduces 
gasification rates, but because of higher carbon conversions, thermal 
efficiencies'are high (ref. 63). Fixed-bed gasifiers have certain 
~isadvantages, mainly the softening, thickening, and swelling behavior of 
certain bituminous coals in the upper region of the bed can cause serious 
problen~s with solids caking and gas channeling (ref. 62). 

The Lurgi gasification process was developed by Lurgi Mineratoltechnik 
of West Germany to make synthesis gas from noncaking coals in a gasifier 
blown with steam and oxygen. A schematic configuration of the process is 
shown in figure 2#. 

Five Lurgi gasifiers began operation in a SteinkolenElektriziat AG 
plant in Lunen~ West ~ermany in 1972. This plant uses steam, air,  and coal 
to produce ib0 MM scfd of low-Btu gas for a combined cycle generating 
plant. The plant was s t i l l  operational in the late 1970's. Continental Oil 
Company was awarded a contract to design, construct and operate a 250 MM 
scfa in Montgomery, i l l i no is .  This plant uses a modified Lurgi process 
followed by metnanation to produce pipeline quality gas (refs. 64 and 65). 

gluidized ~ed 

In fluidized-bea gasification, the particle size is much smaller than 
in fixed-bed operation and the gas is passed up through the bed with a 
velocity high enough to f luidize the particles. Fluidized-bed gasifiers 
have more carryover of solids than fixed-bed gasifiers, which can lead to 
fuel loss and make solids removal more d i f f i cu l t .  They also have less soot 
and tar production which faci l i tates gas cleanup and lower gas heating 
values due to smaller yield of hydrocarbon gas~s.. Fl~i~ze_d~bed~asjf~ers 
can use a wide range of coals but some pretreatment may be necessary for 
caking coals that can agglomerate in the bed and lead to loss in 
f luidization. Ibis pretreatment usually consists of mild oxidation with 
oxygen or air.  

Fluidized-bed gasification processes included in this survey are: 
Synthane, Exxon, U-Gas, Westinghouse, and C02 Acceptor processes. 

Synthane. - The Synthane process (refs. 62, 28, 65) was developed by 
the U.S. Bureau of Mines for the production of pipeline quality gas. This 
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process uses a twc~zone gasifier consisting of a ~e~]se f luid bed in the top 
section and a dilute f luid bed in the bottom section. Steam and oxygen are 
injected at the bottom of the gasif ier to f lui~ize an~ gasify the coal. The 
synthesis gas exits from the top of the gasifier and goes to a water-gas 
shi f t  reactor followed by catalytic methanation. A schematic of the process 
is shown in figLre 25. 

A 72 ton/day pi lot  plant has been constructed at Bruceton, Pennsylvania 
for the study of pipeline gas production using steam and oxygen in the 
gasif ier followed by catalytic methanation. Testing of the plant began 
early in 1976. 

Exxon. - The Exxon Catalytic Gasification process was ~eve]opeo by the 
Exxon Research and Engineering Co. to produce intermeaiate-Btu gas from 
coal. This process uses alkali metal gasification catalysts to increase the 
rate of steam gasification. The synthesis gas pro~uce~ is recycle~ to the 
gasif ier so that the on]y net products are CH4, C02~ anG small 
quantities of H2S and NH 3. The proouct composition closely approaches 
that of gas-phase methanation equilibrium. The resulting overall 
gasification reaction is Coal + H20 ÷ CH 4 ÷ CO 2. A schematic of the 
process is shown in figure 26. 

A 0.5 ton/oay integrated PDU at Baytown, Texas ~as been operated by 
Exxon for several years (ref. 66). 

U-Gas. - The U-Gas process, developed by the Institute cf Gas 
Techno1-T~ (IGT), is use~ to produce low- or interme~iate-Bt~, 9as from coals 
of any rank. Coal overflows into the fluidized-bed gasifier where i t  reacts 
with steam an~ air (or oxygen) at about 1040 ° C. As carbon is gasified at 
the top of the gasif ier, ash agglomerates gro~ at tb~ bottom. When they 
become heavy enough, the agglomerates fa l l  countercurrent to the high 
velocity gas and are separated from the bed. The ~ust is removed frem the 
product gas and the gas is subsequently desulfurize~. A schematic 
configuration of the U-Gas process is shown in figure 27. 

Westinghouse. - The Westinghouse process is designed to operate in 
conjunction with a combined cycle power plant. Coal is dried and sent to a 
fluidized-bed reactor where devolatil!zation, desu]furization with added 
lime, and hydrogasification take place. The reactor operates at 700 to 
930 ° C an~ 20 to 30 azm. The coal is diluted ~vith l~rg~ quantities of 
recycled solids (char and lime sorbent) which control tde agglomeration of 
coal. The devolatilized char is further gasified in a flui~ize~ be~ in 
which char is burned with air to provide gasification heat. After removing 
the particulates, the clean fuel gas goes to a turbine plant. A schematic 
diagram of the process is shown in figure 28. 

CO 2 acceptor. - The CO~ acceptor p~cess (ref. 67) ~as developed by 
Conoco Coal Development Co. to proces~ western coals into pipeline gas. 
This process uses t~o fluidized-bed reactors (a gasifier bed ~ith s te~ ~nd 
a regenerator fed with air) and a circulating li~e bearing material called 
the acceptor ~hich is fed i n i t i a l l y  as limestone or dolomite. Coal is 
i n i t i a l l y  gasified by the reactions: 

C + H20(g) ~dCD~,. + H 2 

2C + H20(9 ) ~ CH 4 + CO 

Carbon is formed by the water-gas shif t  reaction: 

CO ÷ H20(g ) ~ CO 2 + H 2. 
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The three reactions mentioned above are enoothermic. The required heat of 
reaction is supplied by the CU 2 accepter reaction: 

Cau + CO 2 ÷CaCO 3. 

Tile limestone is calcined in the regenerator and recycled to the gasifier. 
A schematic of the CO Z accepter process is shown in figure 29, and the two 
fluidized-bed reactor s~stem is shown in figure 30. 

A 40 ton/day pi lot  plant has been operated by Conoco Coal Development 
with DOE support, at Rapid City, South Dakota since 1~72 (ref. 68). 

Entraineo Flow 

in entrained-flow gasifiers (ref. 69), pulverized coal is carried 
through the gasifier in concurrent flow by a mixture of air (or oxygen and 
steam). The reactants are usually premixed and fed to the gasifiers through 
burners or nozzles. Since the flow is concurrent, Zhe reaction rate 
decreases as the particles pass through the reactor and high temperatures 
are required to achieve necessary conversion with a reasonable reactor 
size. high exit temperatures make i t  necessary to use a neat recovery 
system. 

The main advantages of entrained flow gasifiers are: 

(a) They can use a!l types of coal since there is l i t t l e  or no 
agglomeration 

(b) Reaction rate is much higher and, because of particle size, coal 
throughput per unit volume of gasifier is higher than in fixed 
beds or fluidized beds 

(c) There is l i t t l e  tar production in steam-air or steam-oxygen systems 

The main disadvantages are: ]arge carryover of fine particles, short 
refractory l i fe  and unreliable coal feeding, and the need for a heat 
recovery system. 

Entrained-flow gasification processes include Bi-~as, Combustion 
Engineering, and Koppers-Totzek processes. 

Bi-Gas. - The Bi-~as process, developed by Bituminous Coal Research 
~BCR), uses a vertical-axis, two-stage gasifier that operates a~ b~ to IOZ 
atm (1000 to 1500 psi) on coals of any rank (refs. b2 and 70). A schematic 
of the process is shown in figure 31. Coal and steam are fed to the upper 
reactor where they come in contact with synthesis gas from the lower section. 
Coal devolatilization and hydrogasification take place in this stage. The 
products gas and char exit in the gasifier overhead and are then separated. 
The char is returned to the bottom stage where i t  is contacted with steam 
and oxygen for fixed carbon gasification. 

A 120 ton/day p i lo t  plant has been constructed at Homer City, 
Pennsylvania by BCR with DOE funding. This plant includes catalytic 
methanation of the synthesis gas. The development work is directed toward 
high-Btu ~as production (ref. 71). 

Combustion engineerin 9. - The Combustion Engineering process was 
developea by Combustion ~ngineering, Inc., with support from UUE and EPRI to 
convert coal into clean fuel gas for electric power generation (refs. 62 and 
72). This process is very similar to the Bi-bas process. I t  uses a 
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two-section, airblown gasifier operating at atmospheric pressure. Coal and 
recycle char are burned with air in the lower (combustion} section of the 
gasif ier. Steam and coal are fed into the upper (reducing) section of the 
gasif ier where they encounter hot gases leaving the combustion zone. Coal 
is devolatilized and gasified by reaction with steam. Raw gases are then 
scrubbed and desulfurized. A schematic of the process is shown in figure 32. 

Koppers-Totzek. - The Koppers-Totzek process (refs. 18 and 62) was 
developed by Heinrich Koppers GmbH of West Germany. This process uses an 
oxygen-blown atmospheric pressure gasifier. Coal is suspended in a steam 
and oxygen stream and fed at atmospheric pressure to the gasifier ~here 
partial oxidation takes place. The high operating temperature minimizes t~e 
formation of organic compounds. The gas is then cleaned by convenzional 
methods to remove the ash, CO 2, and H2S. 

Underground Gasification 

Underground gasification (refs. 62, 73, and 74) is achieved by 
part ia l ly  burning the coal in situ in the presence of steam-air or 
stear~oxygen mixtures introduced into the steam ti~rough borehole~ or 
shafts. Underground gasification consists of the same basic steps 
(devolati]ization of coal to form char, reaction of char with steam and 
combustion of the remaining char) as other types of gasification. This 
process permits recovery of gas from coals ti~at are technically or 
economically unattractive to recover by conventional mining techniques. 

The present U.S. program is being conducted primarily by DOE and 
includes the following concepts: longwall generator, linked verticle ~:ells, 
and packed-bed reactor. 

Longwall generator. - The Longwall Generator concept, developed by the 
DOE Morgantown Energy Research Center (MERC), is specifically designed for 
use in thin seams of eastern bituminous coals (refs. 70, 75, and T6). The 
concept makes use of directionally dr i l led holes placed horizontally ix the 
coal seam. Vertical holes are dr i l led to intersect the ends of the 
horizontal holes. In the linking phase, the coal is i~nited along the 
length of the horizontal hole and reverse combustion is achieved by 
injection of oxygen or air in front of the combustion wave via a second 
parallel borehole. A simplified drawing of the Long:vall Generator Concept 
is shown in figure 33. 

Linked vertical wells. - The Linked Vertical ~ells (LVW) concept is 
being developed by DOE Laramie Energy Research Center (LERC) to gasify Zhick 
seams of subbituminous coals (refs. 75 and 76). The process is carried out 
in two stages. In the f i r s t  stage, gasification paths are formed by means 
of high-pressure air injection between the vertical boreholes. This is 
followed by reverse co~bustion linkage between two ~djacent boreholes. TO 
accomplish linkage of the wells, a f i re  is ignited in the borehole from 
which product gas is to be withdrawn, and air is injected in the adjacent 
well. The combustion front moves t- ~rd the injection well advancing in the 
direction opposite to that of the .~ flow (reverse gasification). Once 
linkage of the boreholes is completed, the second stage begins as the 
combustion front changes direction and proceeds along tI~e channel formed 
during the reverse linkage step. Gasification now occurs in the same 
direction, as the injection and gas flow. A simplified drawing of the LV~ 
concept is shown in figure 34. 

. . . .  by Packed bed. The Packed Bed concept, d:v~,oped Lawrence Livermore 
Laboratory, is intended for application in thick, subbituminous coal seams. 
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In this process, natural coal permeability is enhanced by explosive 
fracturing to create a well defined, permeable reaction zone. After the 
coal is fractured, wells are dri l led to the bottom of the fractured zone 
around i ts  perimeter. Process gas injection takes place through wells 
previously used for explosive fracturing. Gasification begins at the top 
ann ~oves aownwaro and outward (forward mode) toward the collection well. 
Essentially the gasification process takes place in an underground packed 
bed reactor. A simplified drawing of the Packed Bed concept is shown in 
figure 35. 

GASEOUS FUELS PROPERTY DATA 

The Iow-Bt~ gases proposed for use in ground-based power turbine 
systems would be produced by airblown gasifiers. As such, they wi l l  contain 
a large percentage (50 vol. %) of nitrogen, as well as some carbon-aioxide, 
neitner of which contributes to the heating value of the gas mixture. The 
primary combustible gases from such a gasifier are hydrogen and carbon 
monoxiae ann a small amount of methane. To produce medium-Btu gases, 
oxygen-blown gasifiers (which wil l  eliminate the nitrogen in the product) 
can be used or methanation of the synthesis gas can be incorporated into the 
process. 

The characterization data for the coal-derived gases have been 
tabulated on the syngas property form (table 18). CHaracterization data for 
gaseous fuels are presented in the following tables: 

(1) Uata for low-Btu gas in table 19 

(2) Data from the Lurgi process in table 20 

(3) Data from the Koppers-Totzek process in table 21 

(4) Data from the Hygas process in table 22 

(5) Data from the Synthane process in table 23 

(6) Data from the Exxon Catalytic process in table 24 

(7) Data from the CO 2 acceptor process in table 25 

Figure 36 shows the relationship between gross heat of combustion and 
vol. % of inerts (N2, C02) in the gas. These data were obtained from 
tables 19 to 25. This relationship is not linear but can be roughly 
approximated for low-Btu gas as 

Gross heat of combustion = 466 - 5.48 (vol. % of inerts) Btu/scf 

Some of the references cited in table 19 give "typical" ranges of 
properties for these gases, rather than actual experimental data. In none 
of the references cited were there any data on the sulfur, alkali metals, or 
particulate contamination levels to be expected. These data would 
undoubtedly be controlled by the cleanup processes used, rather than by the 
gasifier type or the operating conditions. 
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TA[3L~" 3 .  - TYPICAL PROPE~iTIES OF L IQUID  FUELS 

[Oats f r o m r e f .  27] 

Proper ly  

Specific gravity s t  100 e F (38 ° C) 

Viscosity s t  100 ° F (380 C), cS 

F l a~po ln t ,  OF (°C) 

Pourpctat, °F  (°C) 

GroSS heating valve, kcL[/kg 

(nm/]b) 

Fil terable  dirt ,  percent  of m a x i m u m  

Carbon reelduet  percent:  

10 Percen t  bottoms 

100 Percen t  bottoms 

Sulfur content, percent  

Nitrogen content, percent  

Hydrogen content, percent 

Ash ctmtent, ppm: 

Fuel ao det lvored 

lzthlblted 

T r a c e - m e t a l  contamLnants, ppm: 

Sodium plus potass ium 

Vnnsdium 

Lend 

Ctlclum 

Fuel type 

True  dleUllntce Ash-bear ing  fuels 

Kerosene  No. 2 dis t i l la te  Ilenvy res idua l s  

0 .78 - 0 .83 

1 . 4 - 2 . 2  

tao-  t0o (55- re) 

-6o (-45) 

10 7 0 0 -  10 050 

(19 3 0 0 -  19 700) 

0 , 8 2 -  0,88 

2 . 0 -  4 .0  

i 5 0 -  200 (55 -  95) 

- 1 0 -  30 ( - 2 0 -  0) 

10 500-  10 950 

(I9 000 - 19 600) 

Blended res idua l s  

and crudeo 

0 .80-  0.92 

2 -  100 

5O- 200 ( 1 0 -  95) 

15- tZO ( - tO-  45) 

lO 5O0- 10 9Oo 

(19 000 - 10 400) 

O. 002 

0 , 0 1  - 0,1  

O.OI - 0.1 

0.002 - 0.01 

12.8 - 14.5 

1 - 6  

0 - 0 . 5  

O - O , l  

0 - 0 , 5  

O - i  

0,005 

O. 03 - O. 3 

O.l - 0.8 

O. 005 - 0.00 

L 2 . 2 -  13.2 

2 - 50 

0 - I  

0 - 0 .  I 

0 - I  

0 - 2  

0.05 

0 . 3 - 3  

"o.~ .  - a 

0.06-  0.2 

1 2 , 0 -  13.2 

2 5 -  200 

1 -  lO0 

0.1 - 80 

0 - 1  
o -  IO 

0 .92 -  1,05 

| 0 0 -  1800 

175- 265 (80 - 130) 

15- 05 (-10 - 36) 

10 1 5 0 -  10 500 

(18 300 - 18 900) 

0 .2  

2 -  10 

0 . 5  - 4 

0 . 0 5 -  0 . 9  

tO - 12 .5  

| 0 0  - lO00 

1 -  350 
5 -  400 
O- 25 
O- 50 



TABLE 4. - TYPICAL PRODUCT COHPOSIT £0;~ 
FROM S(~LVZ~T-REFI;~ED-COAL ~RCCESS 

Co~ponent 

Carbon 

Hydrogen 
Nitrogen 

~al fur  
Ox~-gen 

M~i~mre 

%'oi.~ tile ~aatmr 

~xe~ o~rbon 

A~b 

5~olsture 

=, 

Heating value. B ~ / l b  

Ra~. coal $RC proc~.~ct 

Typical a.~aly~ls, .~z 

4 .7  5 . 2  

1.1 1.5 

3 .4  1 . 2  

10.3 3 .4  

7.1  .5 
2 7  

100.¢ log .0 

~ . 7  3~.5 
51.5 63.0 
7 .1  .5 
2.._..~7 o 

lOO.O I00.0 
m 

12 821 ].5 763 

33 
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fABLE  5 ,  - C o l + t m u e d .  

( c )  I I - C ( ) ~ I  f r+ lm  I l l i n n i s  #r t  c n a l ;  d,]L~x f r o m  r e f ,  3 6 .  

- [ ' l 'o|~,r ly 

t;r.l~ m,, ° A I ' I  (~l,t'~'lll() 

Imti~l tL~llml~ ponil, °V 

l l! '{ 

;u 'l, 

Io ' |  

fdl '~ 

711% 

"lIp ', 

'Jll i; 

l'£u+l boillL,i~ I~m1,  °1" 

Pour ~t.tlll|, O} 

I I,,.~hpo"Lt, ° r  

Vl.~ill~;l'ly ,It ' h i "  

;tl ° r  

,ll ° l  

.~h,  v~ I ' | .  

.LMI: lllVll Itqlllll'rtllllrt,, U[., 

I lvnl  of ¢%llllhuuttOll, I | tu l lb  

~.'.t r lx in I'erilCkll~ 

(~tr|x)rl YUIII,~|JOL|OIII, W|'[ 

I l.'il 

! . . . . . . . .  

Xlphlhi 
(IBP - ~50"¥; 

19.B u[%) 

44.9 

;'+u 

1111 

l e a  

~17 

I1' "+lll l i l lt - I J|t '~Of IV.'1 

Hldd le 
d l ~ l l | i a | e  

(J$O" - ~50"P; 
i / . 1  vC l )  

!5 .9  
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T/~PJLE 5 .  - Ct'JllL|lltJOd, 

(d) H-Coal residue I¥oin I1 ] inois //6 con] (hydroclon+. buLLums); daLa frmii meElm for record b./ 
John S, Clark, NASA Lev+is Rese,~rch CenLer, .J.ly I~J, 1977 

4~ 
Q 

l l rop~r ly  

Gravi ly,  °AJ,I (speelllc) 

I lo l l l .g range: 

IJiitlol bollillt< polnl, ° !"  

LU % 

20 '¢ 

4U ' |  

tin % 

?u '|. 

~O 'i. 

llii '|. 

9:~ 'I 

Kraal bol|ml~ l.Olnl, OF" 

Pour iminl, ° r  

Vl~hlx)inl, OF" 

V,,+rom.y at 2()~i-', cP 

at 300°1 ' ,  <'P 

al t.OO°l -'. ¢P 

Ash, wi' l ,  

t~+~lh: IIIU]I lempur:llure. ° !"  

Ileal oi' combusllon, l l l l l / Ib I l l l he r  

Cl lbon rcilduL,,' i l l  

'J~ermul . labi l i ty ( un l t l b i e  mbove-) 

' Eleclrlval L'onduetlvlty, ohulcm 

P Water 

' ,5~cHmen! 

' Neul rlLIIly 

'Pest 

. . . .  

4OO 

350 

455 

22.5 

% 0  

0.2 

tOO to 200 Low 

16 700 
,,, i 

3,,8 

200"P 

1.5 x IO 9 

Hone 

u , c i . l ~ l  ; O l i i  r.,+.l 

lil+'.llll,lil< i',IIC[(1) rlt '~ 

Co;rol lon 
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C 

II  

13 

0 

I ...~,/~ ,, 

1.1 

0.48 

Z , 6 ~  

Y 

C:J 

Uu 

Z~ 

W 

2.0 

} .1  

1.7  

1.5 

i 
I 



TAI]L[  5 .  - Cor L in t=?d,  

(e) H-Coal }lydroclone und~l"f]o.,, daLa from ro r .  31. 

~3 

=-=upcl =jr 

Gr lv t ly ,  O/iIZ| (specific') 

IJolhnR racine: 

tnlUel I~llln g point, op 

5 'IE 

lO % 

~ZO % 

40 ']L, 

6o% 

?09. 
80 % 

'1 eNI 

v,B,.O..y , I  '~50°~ ", "sFs 
at 30{PF', Sl'~ 

~Sl oF" 

b - 1 1 6 0  

I ly,i;nr lone 
uzl,ter t I ~  
( I  J,t96-S?) 

. 1 e , 5 ( I . 1 3 0 7 |  

Ilydzo(~ane 
undor f lov  
/lllr=le 

( f ] zg&- lS ) )  

L I , I ( I .Z4~J)  

~66 ~9) 

~J3 ~)H 

$60 567 

615 5?1 

690 

77Q 

676 

I" lni l  bolllnl4 point, of,  
_ _ = 

l~our point, °F (SolLenll l  A po in t )  177 

F' l~hpolnl. 01" .. L,,- 

307.3 

6;40 

8?2 

910 

I 

2¢,11 

tSl.Z~ 

15/,,1 
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W , ~ r  
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I 
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| -,, 
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, . ' I 

Tht;rnlml mlailil i ly 

}:let Ir lcnl t'Glllltlz llVl[~ 



Arom|lh's. polynu©lesr 

~mlnometer .,,tuber 

~.n~ltr~ point, ° r  

II/c , ~  r'tio 
t~l~rnenlal anslysea, w|%: 

C 

I! 

~J 

O 

V 

Hi 

Na 

Cm 

Pb 

Fe 

P~ 

~o 

W 

Tt 

i l  

~J, J 

, B1.0~ 

l . J l  ~. JO 

1.92 4,3~ 

6~J .... 

26 

164 

~2 

i m m ~  

I 



Property Trul 

Ek]iA 

l u t i I  
o y l r h i i d  

~ l O ] ' C ( l g l i l ' ) l  
3 5 , 6  percenl  

Gravity, °Alll ( ,pecl l |c) 19.8 (0.gJ~) l l ,  l (0,1~4) 

liolllnl ra,llle: 

lnlUal boi l ing pOllll, Op 

5,1> 

to % 

20 % 

flu % 

40% 

7o % 

HIJ ~J 

uO % 

'J5 '£ 

l"lllul bilhnll llOllih Ul'° 

il)oLl r l iOlll l l  Oj. 

Pl,i,,,hlii in h ° p  

VIBl'olilly ,it ~7'(}F, SUb 

at 100°P,  ~III5 

,it 100°l " , c ! .  

1#,4 
rOlll | l ip 
~ i l t n r l  

; rt.~lli l l lL'l l lP.ll lpuralur0, ° P  

144 

I J .o iu .919)  

lli.~l I I l . lh '  I ,llrl~or It'~'l ti 

Ileal of ctlll lblIsIIOli I I l l . l i b  

h i ,  # I lelrcelll 

IAIJLE 5, - CuliLil~ued. 

I f )  H-COO1 fuel o i l  lilode, frolll I l l i n o i s  ~0 coal ;  daLa frmri r e t .  31. 
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Sediment 
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Water 
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Oleline 

At'~m~M'~ 53tel 

Aromallc8, p.oly~zu~'l ca r 

l~mlr~r~eler number 

AnnJ{n~ point, °F  

I'i/C a tom r .oo 

Et~mcnt,,! ~.mzl)'ocs, v.l',T,: 

S 

0 

Tr~ee metaJ sn~|:V~a, p~m: 

V 

lqt 

fza 

K 

Mg 

Ca 

Ti 

I 
I 

t9.$6 

2.1 

25.98 

3),9 

),9 

3/.',2 

Trace  

12.0 

78,0 

~15,2 

F.~eldeld  O.AZ~ 0.~7 0,~6[~ . . . . . . . . . . . . .  

D-I]9 0.2L 0,13 0.29 

r a m !  

..... ? 



IAP, LE 5 ,  - C i ) l l t i l l =s l . ' d .  

t g J  I I - C o a l  s y n c r u , . l e  inod, .h  f r m i i  I I I i i i o i ~  #17 c o a l ;  d a t a  f r o m  r e f ,  3 1 ,  

I l r a t l l l i ,  °AP| (sln, l, lh l ,  I 

l l r o l i r l y  

I t l i l i l l l ~  n,lnl~e: 

h l l l l t l l  I~ l l in l¢ pol l , l ,  l i p  

Itl ' [  

-'l, ' l  

I i  ' l  

Ill a| 

ill ' |  

hll l| 

7ii ' l  

~11 ' [  

'JU [ 

I ' l l l , i l  ho lh l i l l  l l l l l l i lo u[" 

li~lur |Xllril0 o p  
i _ _  

Hoi~,l l l l l l l lh Ot, 

al IOOVl ", 511s 

• i l  I U O ° F "  i i ' 5  

, 1 9 ? w C ( ] 8 / ' r ) i  
I~ .b  v l l  

J l . l l i l . S I H )  

iJJi 

I k~t l l l , lh,  I ,Ih, l~tirlv~ b 
, l ~# 'C {  I ~ l ' l ) ' ;  

[ I 'hl 

I:I~IiA 
I l l i l l  hi l '  
i i ,  I hu,I 

L 

li-t,4% 

h l l l l  
o vl~ t I1 clll~ 

I / ,O I0 ,95  l )  

I B 

• .j 

195 

, , YJ 

~6 

6,! 0.gb 

b .b( I , l J?~)  

| I l l  

i l l? ;'i'= 

"5 

I? 

It4. t) 

.t~ll, wl  ' l  

.L'ih: IIIl~ll Ii, l i l i l i l r l l lu r t ' l  oF" 

Ih,, l l  o l  l 'oliil ltl~llioli0 Ull l#] l l  

{'lll-I.Klll rl~liltbl., {Conrizli i ion) ,. v i i  

Cl l rbol l  rdllZSbot|OllZ, ~1'1 . . . . .  I 

I l i l ' r l l i~l l  ~ l , i ln l l l y  

i : l l ' l ' l  r i t , l l  i 'onll i ir l l111) 

l~'; l l t 'r 

,~l'dllll L'lll 

Heutr . , l l ty  

Cor rob ion  



I~l.'lllIlO r~ l l l i ,  ill" 

I laC ~llliin ratio 

] t ,~7  

| : l l l l l l l l l i l r l |  .~.llys~.l~. w i l l :  

II 

T race  rnqial ;lnElly6t.q. |~)11): 

V 

Na 

N3 

K 

C,~ 

('tl 

7,+I 

W 

'i'l 

19.~4 4] .~ 1,4 

~1,1} ] ! ,4  ~0.9 

Trnce  

I 

I 

4~ 4 d,, 

~lur~ lu f~  

ild'~llia I h ' i l l  ~ l i l l  

I .~lili ll:~)lil ~ I I' <III, nl'~ ~. r 

fi.f,1] . __ .~ l~ , t l i !  

0.27 

0.212 

0,0~ 

0.~I I  

0.15 



TABLE 5 .  - ConLim,ed. 

(h} H-Coal syncrude mode. from Illinois ,#G coal; daLa from ,~eeting handouL, Pa,Jl H. Kylld 
of General Electric,SchenecLady, ?hY.. Jan. 9, 1976. 

Property 

Gravity, °APl (IpeClfle) 

Boiling range: 

[nlUal boiling point, OF 

G 'L 

I0 % 

2U % 

aO ' t  

40% 

c,0% 

70 tI, 

eO % 

~ '~ ,  

9b '/,, 

Fin;zl bpthng point, OF 

Pour point, oF 

Flashpot'nt, oF 

VtHll'OSIIy , . i t  IooO] *° t SUS 

~l 210°} " , 5US 

at ° F  

' A.qh: niel{ temper~lure, OF" 

Ileal o1' cozrtL~allon, t l tu/tb 

Carbon remldu'e 

Carbon rant|bottom, Wtq, 

fherma|  attblll ty 

! I"lectrlcal eo'nd~.tellvity 

Wa~r 

5ed,ment 

NeutraJIty 

, "drroaion 

I m m 

ToLII  c~d¢ |80" - 380"F 

,I 
b,~ 38.b 

IAO ldO 

ZZb 

Z~6 

Z54 

2dO 

79~ 

]06 

)18 

)30 

I)U 

354 

3Ub 

7b1 (155 cs) 

0 .0 |  

312 h 19 

~ZO 6~Z 

440 61U 

41~ 7~8 

5UO 7)1 

510 758 

510 199 

5~Z H2] 

55H 8~0 

5~1 ~Sd 

hi5 112 

bil l q69 

6UO 975 

-IUO H5 

41 (~.~ cs) 

36 (2.7 cS) Ib3 (35 cs) 

,,i 

m 



X¥~Iroca rL~n f~e:  

Olelln|  

Aromatic'|, ~1~1, percent {~i~hil t l rza} 

Ammatlea,  ~'~lyn~cl~a r 

Lum|nomeler ~umber 

II/(" atom r l l lo  

£1emea[al anaUyaea. '~tz$: 

12.9} "J.Ol 

V 

fh 

Na 

I{ 

Ca 

Pb 

F¢ 

g~ 

~V 

T| 

?.tJ2 

la~Z~l ~g~|isca.  plum; 

83.3 

D, 19 

0.81 

0.22 

1.35 

8).8 ~ .  } 

12.41 9.1]  

o.1,9 
O.2t, 

0.26 

0,~ t, 

0.18 

0.9~* 

I .~!  

1.20 

. . . . . . . . .  i 
= 

_+ 



TilBLE 5. - Ctir.i. illUOil, 

(i) ll-Coal; data fro;n rol. 38, 

i '~Perly 

Grivlly. OAI'I  (l l i~ecl/ll l 

i loI Ihl l t  f lmlle: 

In i t ia l  bolitnl l  l io ini ,  ° t '  

s q  

1o '1 

20 

40 % 

70'I 

I l l )  ~]. 

o ~ q ,  

I"lnal liolIInl~ l lainh ° t "  

] 'our  i~ In l ,  {IF' 

| I,l lt l l iI) inl, ° t "  

VRIvOIIily ili 21 Ol"p cS 

al o~. 

:11 Uf.. 

~hil i Wi ;l" 

I~.~lll, n)tl|l l l , l l l l l l ,£;l l l lrt, . 0 F 

Ili,,ll oi  l'Ollllju,~liliilll t i l l l , l l l  

{ ' , l l l l l l i  rc~li~Je ({~onl ' l ' l lon) l  t i i  

t ' : i r l x i ,  ranl~lxi i lnl i i ,  l l l ' l  

i l l i - r  iiidl l l i , l l l l l l l l ,  

I I | ' i ' i r l i ' , l [  l i i l l lh l l  I l y l l )  

Vi',lll, I" 

,i'll,ill fill.ill 

f i t , t i l l  ,11 Ih  

| ' l l r l  i l t iUn 

*lb| 

Sample 

56Y 

6~0 

8~6 

)96}  

,115 

]ZO 

11H. } 

0.02 

I# ~ i i  

I L l  

. . . .  i . . . .  

I., 

i l-4tl2 

9SD'F- 
¢llt 

950 

i l~ l i l l . l l l '  I' lil~gO I'11',t 

9~U'F! 
¢u! 

I 

. . . . . . .  9~.1; 
I 

,,I 



H)drocarbon type: 

Oleiln~ 

/~rom~t[ca, l~l~uolenr 

Lumlr~meler ~unlber 

An~llr, e r~In[, oF 

Eleme~l.! armlyses, w[~: 

C 

II 

S 

0 

V 

~h 

K 

Cg 

F~ 

W 

T! 

~9,0 

O. J1 

! 

).0 

|.O 

O.B 

0.~ 

I.O 

P,,O 

2.0 

II.CJ 

0.19 

6.26 

I.:19 

0.9~ 



(.n 

Carbon ramlibollom, wtt~ 

l)rol~rly 

Gravity, °AI)I (almclflc} 

Boiling range: 

InlU;ll boiling pOlnl, OF 

~Y5 

io% 

+o % 

50% 

GO 'I+ 

7o~ 

Hoq~ 

F'[tml.lmlhltg point, OF 

I l l i n o i s  C-ec+Ioglc Int+ll lOte '  ' 

l)l.',l Ill,lie ~,,llt,~ur it,+ 

I . , 

Thermml e l~ l l l ly  

Electrical co.duellvlly 

Water 

~ d l m a n t  

'Nmlrldl tp . . . . . . .  

(;Ol'rOllrh 

(AP, LE 5 .  - Co~+tlllUuC!. 

(j) l{-Coal hydroclone botLo~l~s f i l t , 'a tu ;  data fY~]m memo for record by Theodore S. r,lr'oz, 
HASA Le~is Researcil Ce,ILer,Feb. 2G, 1910 c 

"l'l'I,l 

+ 

Ash, w|'(, 

k Aah: mall lempur~lluru, oy 

Heal ol t, ombusllon, Lllu/Ib 

Cnrbon rcnl~e 

Vievoslly ~l ° F  

ut OF 

+1 oF" 

l;tqtoldl 
i'lu¢l r io 

~I,' ~+l J II~|IUUhI,' AFAPL ~A~A 

POUT poll||, 0~,, 

l"|aJ~hpolnl, oF" 



Olefl~s 

Aroma11~s, Ic.,l-~ 1 

ArmOr,lies, I~lynuelcar 

L,~mlr~meler number 

II/C alom r~llo 

F:leme~lal ~ l } r e a ,  wt~:  

V 

t]a 

Ca 

Pb 

Cu 

Fe 

~.I~ 

W 

13 ~ 15 

1.7 

I.~ 

! .~9 

IZ,I 

1 , 5  

I,.B 

,0.1 

0 . 8  

l .a'~ 

0,17 

1.~, 

0.~ 

I0.01¢ 

0.95 

1.5 

0.6]  

I0.0 ............ 

I .  0 

. . . .  ~ . , ,  ,., ~,.o 



TP33LE 5. - Continued, 

(k) H-Coal; data from Per. 39, 

Orlvl ly, °API ~peelfle) 

Property 

Bolllnl rinlle: 

L~IUi! llolllni paint, °t" 

s% 

zo 

2o 

40 
50% 

60~ 

"/0% 

UO~E 

90% 

95~ 

Final bolllnA point, oF 

Pour point, °g  

FI~IhpolnI, op 

Vl--lcoalty el OF' 

,,t OF' 

al OF" 

.u~, ,v'% 

Ash: nleli lempvrature, °F  

Ileal of eombuullon, ~u/ ib  

Ca.-bun rexldue 

i Curbon rumubutlom, wLq, 

l'nurmal atubdily 

Electrlcul cundut:llvity 

Water 

Sadlnlonl 

I~¢ulr.Tlly 

Corrosion 

Teal I]leLlllate cal~l(or le:$ 

Total InLl laZl )7~' r  

975 375 

375" - 630*F 650' - 9)5'F 

)7~ G~O 

6~0 975 



l ,+imll,OllIP|el '  l+lJl+lllPr 

+~.llallltP l t :+ l l i l ,  o1, 

I I , L '  l i t ton r ~ l ( o  

} l r m t , n t t d  nn,~l+'Er~, mlq',: 

|'r,~'P ml., |+l ~tP~,'l|+St,a, I~I~|: 

V 

hT+ 

f.'a 

}: 

mp, 

I,,I 

l+l+ 

(?t+ 

l++p 

++;! 

Z~ 

13+~ 

7,111 

W 

T |  

3 7 , )  

11 .9  

0 . I  

0 .  I 

D. 6 

R 4 . ;  

I l.+~+ 

<+.l 

F++mlurgtea 

( } l r l l+a  

• ~ l " o m ~ l h  +, ~1~1 

+ ' { r ~ m a l  l l . 'n ,  ~ | + ' l ~ l l P l t ' : a r  

,t+FI, t{ 

II . 0  

(1,1 

I I , I  

. . . . .  ! 

- I  * 

. . . . .  a,, 

" I 

! 

. . . . . .  I 

, , ! 

,16.~ ! 
o . I  i 

t ] . l  

I 

, ,  i -  

- I . .  

l 

.+ 

i '  
i 

, I 

I 
- - r -  

i 

' 1 "  



TABLE 5 .  - Cont iz'l~led. 

(1) I{-Coal (C 4 * l i q u i d ) ;  (laLa frown re r .  ,10. 

P r o F r t y  

Gravll~', °API  (elpeeitl~:) 

Uoillng r i n g e :  

[nlUal bo l l l ,g  point, ° F  

10 % 

;e % 

40 '~ 

?oq~ 

eo~ 

F'Ind 14pllznt4 point, oF" .... 

Pour DOlnl. 0 | .  

I-'la.shpoml, ° r  

YllJCo0|ty al 

al 

at 

Tc6t 
~yll(. rude [rom 

11 |nOi l  COl] 

I) lhl l l l . lh + ('.llel{orl¢'~ 
Lov .su l |u r  5yncrude Iron 

fue l  o i l  Irom W'/odlk cual 
:llLnola ¢o*! 

15.0 

Ct. '1" 

o F , 

o F 

o F 

,Lsh, w t~  

",~sh: melt  lemperaturet °F" 

Ilezl of combustion, [~u/Ib 

Carbon r . l d u e  

Carbon ramebollom, WL~ 

Thermal slabl l l ly 

Eleetr ic l l  c'ond~eUvlty 

Water 

Se£kmcnt 

Nrutrallty 

Corrozlon ' ' I 



Slt~rJt~ea 

O]eflna 

Arom IIh.'ll, ~UII 

Aromll l fn, I:~l)'nu#lea r 

Lumtr, ometer number 

,'=~'lr,~ ~ 'n t ,  o r  

l i l t  stem r i t io  

£1cm~n|al e~alyeea, wl~: 

V 

~ h  

H 

Ca 

Cu 

F~ 

W 

TI 

mcP.ad =z~llFa~es , pp~: 

9.4~R 

O. 6H 

o . 1 , 9  , , .  

L 

1 

. . . . .  z 

a .  

z 

! 

t 

I ' "  

| , 

8,~3 

1,05 

0.43 

IUoS~ 

O.&~, 

0.15 



~ - - a n  
m m 

m m  

m 

n l  ~m  

m m 

f i n  

<31 
CO 

]A~ILE 5.  - Continued, 

{m) H-Coal d i s t i l l a t e  blends; data f r o m  r e f .  41.  

Pro.~rly 

Grlivllyo °AlPl {ip+,.,"~lflc} 

l l i l l lel  rlmlte: 

~lllal bolllnll pelF.t. °F  

l o  % 

20 % 

i %  

40 % 

,m% 

7oi ,  

li~,% 

m% 

Final boiling Ix+int. OF 

Siil~ie 
]6lblll7 J6g+3~21 

(Fuel o l l  I d e l  {~yncrude uode 

211  2#0 

I l l  J l a  
. . . . . .  i . , 

+it °F  

li$ Op 

;}'~9 

,,, ~,51 . 

346  

3 6 t  

39b 

e+5¢, 

/+D9 

5 ) 0  

5+J0 

962  . . . . . . . . . . .  

66~ 

I I ~ l l l t+ [ , I t  , c i l t+l{o r I ~ ' l  Teat T 
s. ~ l ~ l e  

. . . . .  i 

, ! . . . . . .  

, ,  | 

i 

! 
1 
! ...... m 

i . 397 

, ,, I, 413 

, , ,  i ,441 

I 
, , ,  I 191~ 

. ,I ..... 540 

I . -  525,,, 

l ,  6 9 7  

. . . . . .  | 

• . . l . . . . . .  . 

I 

| , 

. ,  . I , ,  

. . . . . .  , i  

" ' i 

I 

• . , | 

• , ,  i , 

. . . . .  | 

| 

. . . . . . . . .  I 

[ 

I 

P¢or I~)lni+,, °F  

pi.+,,~lhpolnl ' op . . . . .  " -P  

+i.+oliiy at +IV . . . . .  +"+<?" "< + 

t~h, wl% 

i ! l h :  i i l l , I I  tempeini~le, op 

Ileal ol  coml~latlan, iNul lb 

C a d ~ o n  r i l l ( I ra  

+'.~, . ,  ,,..b,>..+m, + i i  . . . . .  

l l~ermll l i l i b l l l l y  

F.'leel r le l i  ++wi,~llvl l7 

W a l i r  

ikdlmenl 

. . . . . .  . ' =  ~ 

= ,  . . . . .  

' ' 1  . . . . . .  
• m I I 

~ e u t r ~ l ~  . . . . .  

Corr~lion 

7 + 

. . . .  . , L . . . . . . .  

. |  . . . . . .  . .  , . , 

, . . . . . . .  : _  • 

, , - . -  



• ~.1 lu  I I I l 'M  

I l l e l l n ~  

~1 ndnia~.l~ N. l i~ l~ l  

Aror r ,  a l l c s ,  t ~ h ' ~ u e l v ,  r 

I . u l l l  l l ~ m ~ l l . r  i~Unlt~l.r 

I I  { '  il1~nl I'.1110 

IL 

II 

N 

(1 

t r a c e  m e l ~ l  ~ n i l l y l l i ~ .  I~lt l l ." 

V 

NJ 

Na 

F, 

M ~  

(°a 

I q l  

C u  

F~ 

7m 

W 

TI  

i 

! 

! 

r 
b ~  

I '  

I 

1 

I 

t 

t 

i I 

i 

i 

| 

t .  

| 

l 
i 

I 

-1 

I 

I 

I 

! 

| 

1 

I f i . l l  

{~. 18 O. IB  

0 .11  i "  

I ,  Z O  

0 . }  l I 

l , , 

0 . 1  

4 , #  

6 0 . N  

i 

t 
i i 

| 

i 

9.BO 

B. II 

0 . 1  

t 
i 
i 

1 i- 

I L l  
I I 

| I 

! -r 

i , 

I |1 
i i- 

I I 

i • 

i 

! 

i 

C 
i 

! i 

4 

! i 

I 
i i 

! 4 

I 

I 

I 
i 

1 

I 

I 

! 

t 

! 

m : 

i 
I 

T 

i 

i 

i 

i . . . .  
i 

i 

, i 

i 

'. .. 

-- = _  



TAttLE 5 .  - Ci]l l l .  i uu iJd .  

( n )  f I - C o a l  Burning SLa t  ( f u e l  o i 1  m o d e ) ;  daL1 f r o m  r o t .  4 1 .  

l l i op l ' r l l  'l't'hl 
AL mnHpl ;e r  t. 

| IVI ' I  li+ ,I ,..I 
(76D-gZO) 

Gravity, ° A P I  (spevtflr) 

If~lllul; r a n g e :  

I n i t i a l  b o i l i n g  po)nt. °1" 

5 ' |  

|U '[ 

:k) '( 

40 '| 

au 'l 

~;II 'l 

Io 'l 

• ~U 'l 

90 '|, 

Fro,it bolhng point, o}, 

Pour Dotal," ° [ " 

FliShlilZnl , ° F  

~.'l~l'o61l) III OF 

:It OF 

;It ul  

AI IOI p|i~'r e 
uverhead 
(7611-921) 

,~sh, w l ' |  

?,.',h: lUt'|I tt, n11)vraturv, oF" 

~b 

I~O 

17'~ 

Zl l  

26Z 

Jl)? 

|Jr,. 

i S )  

ItJ0 

40q 

44b  

4H ,  

lt~b 

170 

IU5 

2ll 

2tJ, 

)qL) 

IIZ 

JStl 5:*+J 

409 

441 

~,iII 

i)l.',l IIl,lh' t .lll.g,lrll..'. 
At l~)sphel~, 
|,ul l l,loz, 
(Ibl)-Y':) 

ZO 

]b~J 

191 

t.lSb 

%It, 

. . . . . .  ",._~ t 

tl,l~ 

/t, tl 

~'~I 

Ih..tl of i~,nbuhtlon, I)hl/lb 

L';tr ban residue 

( 'arl~in rameibotlom, .;,|c[ ... 

i~vrmaI sZ.'t'tttly 

Flz~cI rlL a| t'onductlY|t)' 

WOlur 

~l.,dlllil.'nl 

N,;ut rarity 

I L'orrobiOn 



lll'~Iro~l rl~n lypl ' :  

~tur~les 

OleIlns 

Ammlll.ll i. l~IJll 

Amm=l lc l l ,  polynuelelr 

L,.=mtr~rue t er r.um~er 

t h~ l l n r  l~ In l ,  oF 

l i t ( '  , ~ r ~  r l l l o  

l~l~'mCl111[ ill'lal}'tlC~, '/,is[.: 

C 

I I  

I,I 

0 

r r~ re  mel~l  ~nalva~o i.~rn: 

I I . .76  

0 ,20  

0.25 

I , i~O 

1' 

8;.19 

I I . 9 ~  

, 0.,20 

0 .26  

1 ,00  

i ~ . ~ l  

9,4.) 

0.12 

1.2O 

Mg 

Pb 

Cu 

t8 

W 

T! 

. .  ,I . . . . . .  

r 

i ..... 

,, , )  



Properly 

{ ] r  avl ly, °AI:I (sp,l.'c'l|lt') 

UolllnR range: 

Init ial bolllni~ polni, ° I "  

"0 '~, 

:10 '1 

40% 

]ABLE 5. - Co:zL~nued. 

(o) H-Coal Burnin9 SLat and Hyodok (syncrud~ mode); data from re[ .  41, 

~;, % 

Plnal hollln~ point, op  

Pour polnl~ °Y  

FJ~Jhl~oinl, OF 

V l l r o l l l y  al oy  

at oF 

I t  oF" 

,~h, w,~: 
,t.*h: melt  temperulure, OF" 

IlLqll Of t'omL~lh|loIl, | ] t . , lh  

(.'nd~on r t,~lldllu 

UacL~n ratmlbollom, v,l'E 

Tht, rmal IltZblll ly 

F°h.,rlrlval L'OIIIJU( IlVlll" 

Wider 

~'dhm'nt 

('0 r rll,',lon 

'l't'bl 

' ~ o d a k  
at lo |phere  
overheaJ 

(7~0-1013) 

61 

162 

177 

. .  21! 

249 

288 

JZO 

]$8 

418 

~G8 

499 

582 

l u r n l n l  Stsr  
I lmO|phere 
ovethel,3 

(;6D-3019) 

, ; |  , 

192 

251 

,~)o 

36] 

381 

a,02 

,r,]2 

46g 
50; 

608 

I~'~ll[|,'zte r;Itt 'Korlvs 

" '  Buvn|nK S t i r  
atisosphefe 

bo! l u l a  
160-20]L1$071) 

215 

4ZO ,,, 

,494 

H~ ,, 

,53) . 

~53 

~8e 

#~6 ,. 

890 

I J i 



5 a t ~ r l l ~  

CH~fln| 

Aromllll~ is. ~+.kl 

Al'~tml|IC'l, l~lynuclenr 

I .uml~m+ler  nur+;t+L,r 

II.t" ; |om r i l l o  

t;IPm+ntll Inilyme+, wl+ :  

C 

V 

N+ 

Na 

K 

I,Z) 

e~ 

T! 

I',A~, I1,~1 
I 

11, | | ~ I.I,~G 

ll, 119 "l----/I]..~ 

i 

I 

f 

! A,IJ+ 

--I 

I~ ! .  1 0  

L; 

I i 

I I ,  , 

I . I  

f I 

i t 



Gi' lv i iy,  °API (IF~'ellle) 

llolllng rlnge: 

Inllial boiling pOlnl, °F  

llrolierly 

to % 

2o 'I. 

40 ~[, 

eo % 

70 q, 

HO q, 

,jo% 

9S ~, 

F'In.l b611lng point, OF 

Vleroally al ° I "  

i t  °F  

i I  °F 

l ' t , . I  

D-R~ 

Pour polnl, ° I '  

Flll~hlxilnl, oF 

Aeh, wl% 

,~lh: IllVlt lemprral i i re, °F  

I lral ol colnliUmllOri, I]lll#lb 

Carl]on reahl.e 

Cirbon'r |mebol lom, wt~o 

l l lern le|  alabllt iy 

t : l~ l r loa l  I.'ond~iclltily 

Straight llydro- 
Run treated 
Naphtha. Naphtha 
43.7 46.8 

,,, ,, ,, 

132 153 
170 
189 
215 
233 

185 
199 
217 

'531 

251 246 
260 263 
292 
312 
328 
351 

373 
396 - - 

784 

Wller  

Sediment 

lieul r i l l l y  

Coiroalon 

• 306 
329 
352 

_367 
_393 . ~-l.~÷-. 

Ik+,,llll Ill. I'.ll{'l~tlrll'l 

TABLE 5 - Concluded. 

(p) H-Coal; data from ref. 30. 

,..%: . 



~lydr~r,lr l~ra I)'pe: 

5 : t u r a ~ l  

OI~hnl 

~'1 ro r i to I Iw ;  B ,  ~ i~J  

Ar~n~,ltl,~G, polycuelear  

r U m l r ~ m e l e r  nu£be~ " ' 

70.1 
5,.,2 

24.7 

~IUI~]IIII~ [Xqnl, OF 
, , , , , ,  

I I  C' ~ m  I ' l t tO  

E*l~men%:! analyzes, ~I~,: 

81.1. 
0.6 

18.9 

Tra~'L' 

V 

~C 

Ca 

C,, 

I%, 

P~ 

,',Z~ 

W 

"['1 

mul l1 anal~'6~,s, ~p~l; 

85.90 
12.80 
o.193 
O. 128 
o.594 

86.45 
13,5g 
nil 
nil 
o-;003 

' '  I I 

' ' 1 . . . . . .  I , , 

= 



TABLE 6. - FUEL OATA FROM SYI+THL)IL P~OCESS 

(a) SynLhoi] o f f - s p e c i f i c a t i o n  run; dale from re f .  ,12. 

Property 

Gravity, O/LpI {slx'cllle) 

Boiling range: 

Intlil.t boiling pOint, oF" 

590 

lO % 

20 

0o% 

4o % 
5O% 

0o90 

?o % 

so 90 

90% 

95 % 

Tell 
Orosl 

Llqullie4 
product 

C++trlfuled 
liquid 
product 

r)l,lllll+lle ralegorles 

Cencrtfule  
resldu¢ 

Final boiling point, °F 

Pour polnt, ° F  

Floahpolnl, op  

Vllcollty ul oF 

I I  oF 

at ° F  

,~h, wt% 

-'~h: melt lemperalure, °F' 

Ileal of comlmellon, ~u/Ib 

Carbon renldJo 

Clrbon rarnibottom, wt~ 

Thor mlil al;zhllily 

2.? 

F-'leetrleal ¢onck~otlvlly 

W a ~ r  
. , . , .  

Sediment 

HeUlrillty 

Corrosion 



I l vdrornrk~n I$'ile: 

I:llrZ'ln~ 

An~nlnllt-,q, b)kl I 

Atom ~lh,,% l~l) 'nu~ h'f] r 

|,~ IiI Ir~?l~li(? Ip I- Ii~ rifT] ~?r 

JiJtallni' | ~ ln l ,  ° I "  

I I / (" ~lom rn| lo 

,Trar(, mH31 an~lym,~, |l~lnl: 

V 

l,h 

N3 

K 

(.'o 

Pb 

el' 

r,d 

I;(, 

Zn 

IL~ 

Hn 

~fo 

y,, 

TI  

I), B 

1.0 

0.19 

1,1 

?,? 

OJ)? i  

I~0 

F m 

_ 

! 



TABLE 6 .  - Contlnuotl. 

(b)  SynLhoi] from West KenLucky bitu,nil lous coal (5.3 perce~it s u l f o r i ;  data from r e f .  45. 

Proper ty  

(Jravlly, °Alil (.';pL'('IIic) 

llolling range: 

Inllllli bolllll~ I~lnl, oF  

5rI. 

tO 'I, 

;lO 'y, 

4Oft, 

:,O% 

r,o "I, 

?o "I, 
ilO q, 

05 % 

i'Innl boiling [mlnl, ° F  

Pour polnI, oF 

l-'l,'ulhpo Inl, ° P  

Vla¢oslly ai °F 

nl OF 

nt °i" 

I'l..,;I 

4000-pml, 
&5~*C proceis 
cnndl l lonK 

741 

IIg 

{11 

5]0 

Neulrlq Ity 

Corroelon 

i:lcl, l r tc l l l  ronlk~llVlly 

Waler 

Sedlment 

l l l~l l l l , lh ' I ,llll.l~lirll'~ 

Cnrbon ramsboUom, wl~[, 

Tber m,'i| llt abll'lly 

Carbon realdue 

~,4 ', 

&';h: melt lemperaturz,, OF 

float ol ¢amilil l i l lon. l l lu/ Ib 



Ole[tns 

AromaH~,a, total 

Ar~m~lllra, ~ ly~ur lea r  

Lunslnomolor nomber 
i .... 
~a l tne  r~Inl, OF 

ll,'(.' atom r~l[o 

t '  

Tra~,~ n~la l  analy~¢s~ f~p~n'~ 

V 

t~a 

U~ 

Pb 

C~ 

F~ 

W 

T! 

l . t g~  

1.021 

II 

[] 

m 



TAIJLE 6 .  - Con t i++ue( I .  

( c )  S y n t l ; o i l  ( f i l t e r ' e d ,  c e n t r i f u g e d ,  and t ,pO~'aded , l i s t i l l a t e ) ; d a L a  f r o m  , e f .  31 

(;ra,.'lt)'. °AIq  (.~ll['('lfit') 

I ' ropcrly 

lkllllli~ l':Uil~t': 

Initial l,,olhnK pOlnt, o f  

~ ' |  

Io '(. 

"'u 'I. 

:zJ '( 

I0 'I 

.+0 '+ 

70 'I  

-u '1 

qJU ' |  

FIIhll I.31hllg IXJlnl, Ul" 

{JO;)l" I ~ l l l t .  o F 

l.l,l..,hlx)Ull ' 'el." 

-V~vm,  ml,, ;,I 175, o p.  c s  

al ,rio u r ,  cS 

,,I }~O u l ' ,  eS 

,l.Mi, +I ' ;  

i .~.~11. IIwll  [Vllllll.'r;llUrl,, op. 

IlL'at ol vumhusllOnp Iltlm.lb 

"I'v,I IJlMIII,III" 4 . l tt ,gl)rl l '~ 

~J~hL, d FI I tzatc  Upiraded 
{IJgb'-I~))  d i i t l l l I t e  

l J J~z -6J (p4U) )  

Corroblon 

lll.l.l I t' f 

~('¢fllll t'lll 

NI'Ul ruffly 

-5.7 ( l . l+~B)  -1.+ ( I .1055)  

Jg5 407 

470 t80 

$10 515 

519 518 

642 635 

700 691 

~b2 TOO 

B45 842 

965 951 

)O 

lJ5 

41.65 14.2~ 

I~.P4 I~.08 

I ,~0  o.O2 

I*I I.'cl l 'h 'al ,,'mldul'ItVllY 

l.'.ll'IZOn l't'~illkl t' 

(.';trlx)ll rm.slJOltOItl, ~ I ' {  
. . . .  i ..... 

I~la'rlll,II .~hillllll y I 

, 

D - I I 6 0  

Cent r I lUlLed ] P l l t r l l E  
taZgb-~O~) ()2+b-141) 

-+,.) ( l . l l t t + )  Y.5 (I .~, 'Pa) 

45~ 40J 

~19 5tlJ 

551 5(+~ 

I)(16 hi l l  

665 6J8 

; I0 blO 

79'~ 701 

Y70 71~ 

811 

,lit,} 

qOI 

950 

15 

I . . . .  

I,%71 

0.1115 IJ, Oh 



lit, ~h'e,.'a rl~rJ |F~u: 

Oh,h*m 

, + m m l a | h ' ~ .  ! ~ l y ~ t e a r  

I,UlII I I~  ~ H.'I~.' p rIUfil~p r 

i , t+mllm, I-,Oml. ~+F 

I I ,C  ~l~m r a t i o  

I"I¢IlII~PIt~I ,~i++l}'Ii('~i, t+,'l[{,: 

"l'r,+r+., lilt'l~d anJly~ue h |~Im: 

F: 

,',II~ 

( '4  

Ph 

('11 

W 

h 

c l  

L ! 

r 

'1 

"1 
o . ~ S  

i 

I 
| 

i 

! 

i I" 

! 

I ' - -  I 

I ! 

I ! 
i 

t T 

t I, 

! 

89 ,  70 

1.SS 

2,18 

6LI• ~J 

8 1 . 0  

0+?,6 

L i l  

cIJ+O~ 

.0 ,1  

l~ , r J  

• I q ~ , O  

~ , 1 1  

9,11 

0.117 

0 , 0 2  

O . H  

l 
I , J l  I 

i 

~t 

I- 

| 

I 

I 

4 
+ 
I - -  

! 

I 

! 

! 

I 

i i 
I 

I I 

! . . . . .  

I 

I 

I 

! 

I 

[ 

i 

L _ _ ~  

! 



TABLE 6 .  - Continued. 

{d) SynLhoil From WesL Virginia coal; data from ref. 44. 

l ' r u l ~ r l y  

t ; r u l l l v ,  OAI ' I  (.~liil I h l l  

I l i i lhi l l l  rluil l i,: 

In l i l l l l  Ixl|iln]~ li<lllil l OF 

-,,+ 

"ll 'T 

,11 '~ 

IIJ ' I  

llll 'i 

71) ' ;  

• + l l  't 

gll ' ; 

cj. I ," 

I ' l l l,II ll~llll~ll l i t l lnl ,  Up 

|lOlll" IlOIIIll 01° 

F 1,il-,hlio I l l l ,  ° r  

Vl,~i'etllly ,11 IDa O j ' ,  ~;IJS 

,ll lad ° t ' ,  kin, c$ 

,il OI 

,~:dl: I l l l ' l l  IL' l l l l l l ' r i l l l l l l% O|, 

|I1",1101 I'OIIIlill.'iliOI1. I l l l l  Ih  

C, irhon r+,+llJll, (Conradsun) ,  v i ~  

<.°arlPJn I'illll~bOUOIIll till l i  

' l ' l l l,r ni;ll t+labll ltv 

t'1i'('1 I l l ' i l l  I 'onihi l ' l lVl | l  

WJIPr 

~,l l l l l l l ,  m 

~ l , u l r l l l l y  

(. 'orrl l~lol l  

"rZ'hl 

i o t a |  c iuJe 

- + - ( I  . l l d l )  

, 2 0 / ' C { ~ O %  i ¥) 
4 , (  p v l r ~ n i  u 

CrlldV 

1 9 , 1  ( U . Y J ~ )  

Ilulr izlu i'll 

Plili+ll rzlul I I l~. J~Y )?~) 

I~t'l liciil 

?'J~, , i l  b S i  

413 

++SD 

I 1 . ?  

D-9 ? 

U-524  

405 

,5 

? . + P  

1,29 

,+~+ ++ - 

l Jl- ,zi l l ,d,r  i ,II! gOl+ll',~, 

Z I ) I * -  j l ,  ] i C 
l +di+i * - b l i S '  F); 

/olJ,+ I | Ivr¢l+ll l  iI 
I ' l l l l { I  ' 

11,  '+ ILl,  IP/ I I  j.__ 

4U~ 

,5 

q.%u 

} , l J  

I l l  I j - ' s  ~*1 " L" 
IIJ~5"-YH8 ' F ) ;  
/ } ,  j per¢,;nt rl 

- - -  ( |  ,,IUq) . . . . . . .  

bd5 

9H8 

1,4Z 

685 



I lydrc~'a r l ~n  lt ' l~': 

~: i lur :llz*~ 

Oh.hz~6 

I l i l i i l l : l l l l  i l l  !~l:ll 

i l m i l i l  I h'N. f~lVi i l i r  le,~l" 

I .litll I rV.lln L, Ii, r i~unl|ltq" 

,Xn,'lllnl, I~] lnl,  ° t "  

f.' 

H 

0 

Fral 'e l l l i ' l l l  ,Inalv~c'8. ~11m: 

V 

N~ 

Na 

E 

Ca 

Pb 

(.'~ 

t'l" 

ShJ 

TI 

~Je|dahl 

I I - I / r# 

27.1 

O, 1Hb 

3.Z. .. 

]O.FI 

I . Z  

0 .423 

IL).O 

~1,~  

n_ 1~) 

9 .1  

.... ~4,Q 

i . l ~ l  



]ABLE B. • ConLtr~ued. 

(e )  SynLho i |  1. f rom ~es t  Kent.ucky b i tu ,n i l l ous  coa l  ( 5 .3  perce i l t  s u l r u r ) ~  dat.a h-o.~ r e f .  4~ {b } .  

l l r t i j i e r  ly  

( I r i l v l l # ,  ° l q j I I  ( H l ~ . l f h , }  

Bo l l  I l i l l  ramie :  

l l l l U i l  bo l l l n  i pOlnl .  ° I "  

1o ~1, 

lo '1, 

Jo ' i  

40 % 

711 ' i '  

~0 '|, 

~1.~ 'l. 

f ' l l l~ll IJJIIIl i l~ IlOInl~ ° t "  

l i l l l l l  l u l l l l ,  I I  I 

i ' l . l ,~h l l l l l l l ,  i l  t '  

I ' l . ' l i  i l l l  i )  i I  {IF' 

i t  °1" 

J I  l i t '  

7~'h, '~l'l 
,L'lli: I l i l ' l l  l l , ln l l i ,  f , l l l i l  i'~ ° t "  

Ilto,II O| I 'OI l i l iu l i l lUl i  I I l lu ,  I l l  

L°d I | IUi l  l* l*ll I d(i i, 

( ' i i l l o l l  rd l i lb lXII lOl l l~ i l l ' t ,  

I l l l ' r l l l + l  H l i b l l l l i  

t ICi,'I r l t ' l i l  i :ondut ' i iY i Iv  

,~il.'ill I II1' n I 

N'l ,li r'~illl 
l [ ' ( l l  I i l l t l O l l  

"h '~ l  

! '" 

4~UO~p i l ,  
45O C 

p r v ¢ ~ l ~  
¢ u n d l t l u n u  

[ ] 
| ! 

i 
z 

i - -  

I 

I 

I - -  

! 

! 

! 

! 

, j 
i 

1 

I , , ,  

I 

I 

. . . . . . . . . . .  [ _ - - .  ' 

_ w  

I.; 

t 



I l l l l l l i 1 . 1 1 | I 1 | 1  i l l i t "  

S, I lUi"  i l l  h 

i l h  | i i l ~  

~ % l l l l l l , l i l ,  ~,  III1,11 

~ l l l l l l l l l l l l  ,"l. l l l i l l i i l l l ' h , . l l  

I ,~ l l l l  I I ~111111, l l , l "  l i l i l i l h t , I  

l i l , l i l l l i ,  l l O l l l l ,  '~)1 

I I  t "  , i t i l t l l  l ' , l l l i l  

I l l ' t l l l ' l l l , l |  l l l l l l l ! ~ l ' ~ l  ~ I  • 

( '  

I I  

h 

0 

I r . l l . i ,  I l i t , h l l  ; l l i , l l l , ~ i ' 5 ,  ] l i l l l l :  

Y 

l h  

l i . I  

,%11: 

(',1 

l l l l  

I ' l l  

X i l  

I I , I  

,llt i l 

~ i ~  

13 

i, 

, ! 

, !  t I 

. . . . . . . . . . . .  i 

I- 

i . . . . . .  

m . . . .  

i 

i 



TABLE O. - Cont inued.  

( f )  SynLhotl  (wltule c rude ,  509 ° - 650 ° F and 650 ° - n~J~t ° F c u t ~ ,  and r e s i d u a l s  (6~3 ° F + ) ) ;  d.=t,~ Pro:+, r-ct .  , h , [ c l .  

t;ravsly, °APl  (SlZvclhr | 

I ' ron~rly 

ilOllltlg r . ~ n g e . .  

In|t ial  bOlhlih I ilO1111, Of, 

to 'J[ 

30 +l 

4u '( 

.~u q, 

+z 't 

7u '1 

hU ' |  

!J : l  I {  

Final boIIIlll; point, ° F  

Puur I~Ollit, 0 | ,  

l"l~hpomt0 °I" 

VldtOSi|y d[ 80OFD c$ 

at IO0 OF , cS 

at ~IOUl'° cS 

Ash, wt'[, 

,~h: mvl t  lunlperulure ,  0}- 

tie:it o( rumhubtiono [~tu~lb 

Carbon rt,elclUe 

Carbon rum~botlonl, '*1% 

Therin~l SlSbllUy 

Ek'c l r i ra !  c0nt~L'llV|[y 

Wuter ) 
Sudiutenl C0iblned  

Neutrality 

Corrosion 

"| rM 

D-664 

~lo ie crude 

]OO 

640 

4h9 

S2I 

571 

6 J ( t  

6L18 

6 Y 8  

?5 

lYSO 

h i )  

0.02 

O,3b 

$09*°650 , F 
cut 

I't.'J 

%09 

bSil 

-}0 

I .  ?9 

1 . 6 ~  

~,:~1,|1 ttr t lieF, a lll.'~ 

bbU'-h98* F Itt,.,d dtM I +, 
cut I (6')tl° F t)  

i 

4--- , - - - ,  
i bS;: b'}5 

, u ,  i 

+ . . . . . . . . .  i 

I 
i. 

4 b 
i 

691~ 
i J 

i l l  , I .'0 

l~.I Jilt mt 1/5" F 

},') I 1 5 9 .  I 

r i 

i i 

I . . . . .  

+_.. 



l,t+rll h~jllWtPr number 

+~,~l|++e r,~tnl, +I'  

I I ,C ;dora ratio 

C 

Ily+Jrc+a rl+en I)1++,' 

++.mnlalll +, I~lal 

Arom~lteG, I:¢l)'~mrlear 

v 

K 

MR 

l?a 

Pb 

Zzt 

|~,~ 

W 

h 

40 

| , i t  o. 19 /). |? ~JJ, l 

t). 12 0 .3!  

i .0 



TABLE 6. - Continued• 

(q) Syntho|} (sample J-7992); data Iromref. 38. 

~J 

l : l ' o i~ lb '  

, G r a v i t y ,  ° A P l  (81~vi[l~) 

Boi l ing range: 

In i t ia l  boi l ing poihI,  ° F  

lO % 

; l i  '~ 

-10 f~ 

llU I~ 

7 o ! I .  

no 7, 

UO % 

I"lnnl lioilaii l l li~iinil OF' 

llOUl ' IXll l l l l  OF 

t ' lashpoli i l ,  °F' 

t',s(-oslty ,~i loO°F ", cs 

;It 2100[  ' , CS 

• l l  °1" 

.b,h, wl t| 

A%,'lli; mul l  II?,qlil. ra luru . ° i '  

Ih', l |  ,.I i.'O.lllUllhOll, l l i u / Ib  

CarlJo. rvs l lk iv  (Co~radson), v lZ  
I I 

,CurL~n r~llll6~xJtlOlll, ~u'~, ~ I 

l 'hvrin~l l l td] i l l l l ) '  

Yh, t'l rlL'ill t 'ondui ' l lVlty 

'il,'.itUr 

~ i l l l l l un i  J l ~ o l l b h l e l i l  V a i l  

~cu l ra l l l y  

CO r ro~i lon 

Tesl 

5Bm~le 
J-?gtZ 

,I 
- - ( I . 1 0 )  @ 

i 
4?3 

1 
§J4 

591 

6~6 

71~ 
i 

800 

. 8 9 0  

4 0  

2?2  

2509 

25,6 
i 

- I  I 
D-48Z 0,68  ; 

16 B91 
| I 

18,0 
I 

! J 

; I 

' i 

lZ 

IX~| l l lak '  r.l{ei¢orJe5 

r . . . . . . . . . . .  

I ' L. 

i 

! 

I 

I 

! 

I' 

_ _ i . .  

i • 

T I 
' 1 

| i 

i 

= 



.~[Itui" O LttS 

( ] i ( ' [ l i l3  

.~ l r~i l | . '~t l l~,  t/:It ;lJ 

,~I nJ+il h'l I I t ' + .  I~+lvm~t*h'.~ r 

1 .l l] I| II~t'i I l l  ll|{~ r I l u l l i | l l l r  

,~ l l , l l ln l "  I ~ l n t ,  Ol,, 
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TABLE 6.  - Continued, 

( i )  H-Coal; data from re f .  38. 

Gravity, °API (specific) 

Propor',y 

BolIIn~ ran3e: 

I~IUII bolllnll point, OF 

5% 
zo 

2o % 

oo% 

40 % 

?o T 

80 % 
90% 

e5% 

Plnul boiling point, °F 

Pour point, OF 

Fluhpolnl, °F  '" 

VIMeOIIty at 21 OF, mS 

ml OF 
ol OF 

~'h, wL~ 
A~h: melt temperature, Op 

Ileal. ol cos.lou~tlon, £qu/lb 

C.rbun residue (Conradoon), 'utl  

Csrbon rmmebottom, wlC~ 

Tht'r roll 8lability 

Electrical conducUvlty 

Wal~r 

S.edJmen( 

HeulrmJIty 

Corlroll¢n 

TGal 
Sssqple 
J-$08| 

f$O'r- 
cue 

Claltllate calelorles 
SSO'Ft 
cue 

D..-~B! 0.0~ 

17 ~a 
17.3 

318.3 

95O 

J20 

95O 

III I 

>963 

105 

7';9 

8E6 

620 

4BZ 

.~E9 



t%n~]In[, pOl~t ,  0~* . . . . . . . . . . . . . .  

I I  { '  at~Jnl r i l l #  

I:to~i~ez~inl ~ n s l y s e s ,  ~ 'd~ :  

89.0 

Y 

th  

r ta 

K 

( 'a  

Fl* 

W 

T! 

O l v l l n l l  

Al-i3il l l l  I It, II. 181 i l  

A l~on in l le l l .  r i o l ynuv l e~  r 

[dl t  i i [ fi~itlll.,(l~l • l it l l l , | lTi" 

~ 0 . ) 1  R I . ' , 2  

0,19 0.95 

0,17 

0 .4J  

Z.I2 0,~% 

1.0 

1.0 

O.fl 

7J;4 

, 1,0 

,%0 

1.0 

~0,0 

I I . 0  



T.gBLE .,. - Cont iri~.,d, 

~J) H-Coal hydroc lone butLoms f~ I Lr~Le; data fr,~m iHeJzio Io," recor . I  by [I;c'o.to:"? ~,. 
Mtnlz, bi~SA LevHs I{esearch CenLer, Eel). h), I.U,~ c 

Property 

Grav|ly, °API (npL~illc) 

Uolllng r0u.~e: 

IntLlal boiling point, oF 

IO 

3o % 

40'~ 

G0% 

70'~, 

~0 t|. 

'.") 'i. 

["inai Uot|lllg potflt~ ° F  

I)OUl " [101111 u OV 

¥1~hpoml, °k'  

VlUt'oHtL)" J! OF 

at OF 

ot OF 

~ h :  m.~lt |emperature, ° l "  

Ileal n! c011zL~B|10n, l~u/Ib 

Carbon rusidu ¢. 

CurL~n ruLmsboUom, wl~Y~ 

Thermal e t',tbzhl), 

Eleelrli.Ul VOltddv|lvi[y 

Waler 

Fethment 

Ne'; tr~l ly 

Corroalon 

Te~t 

liilnola Geologic Initltute 

I ~  Ill.m.s.JIvKorll.~ 
(:+,era! 
K luc t r l c  

Ru~tlnglmusc AIAPI. NASA 



Hy~rcce rb~n I ~ :  

tgl~q~ra 

Ar~z~JIt 1~,-8, ~lyltut ' |ea r 

I,umlnomoler ~umber 

,~allne I~lnt, °F 

I I /~ ;~tom ral |o 

Elemental ~ t l y e e a ,  wl.~,: 

T r ~ e  

Na 

M~ 

Ca 

I'h 

Cu 

Fe 

Mo 

~,?~ 

V,' 

T! 

. D  - L.~ 

!.1 

I . ?  

I.H 

1 ,67  

1.5 

l ) .  I'; 

I,H 

, 0 , 1  

IZ.O 

0 . 8  

? . j  

9.08 

1 .89  

tt, Jt 

O. ~,1 

0.~ 

1.2 

0,2 

(J.li6 

I0.0 

IO.6R 

7.b 2.0 

I 

1 . 0  

t 

! 

? ,0  

1.0 



GrmvlLy','°~P{ (speed|c) 

Pro~rty 

BO{I li',lt r~nle: 

I.hlU=I boiling Ixllnl, OF 

10 % 

20  % 

:10 'I. 

~0 9[ 
~ q  

?0 '{[, 

9O% 

Final ~l l ln~ polnl, OF 

Pour I~m.t, oF 

Fl.~hpom|, oF 

v,,~o,,,y =, 100 o¥ 

545 " o~. 
al °F 

~ h ,  wI% 

,~sh: hie{I, lemperalure, oF 

He,I| OI coml~llon, ~ul lb 

Cllrb@n ft~$ I(,~ e 

"C;~rbon ramsbo',lom, wI~, 

Thermal llal}lhly 

Eleclflc31 con(~JCllVliy 

W,,ter 

Sediment 

Neulrahty 
, , , , ,  

Corrosion 

TABLE 6 - Concluded 

_.___~k_) Synthoi l 
Te~I 

Whole 
crude 

1 '~ 08 
D-86 

4 4 0  

572 

• ,, l o s  

B35 

D-97 40 

~.03 

D-524 I I .2  

from West Va. coal; data from ref. 4_8_, 
|}rE tilIJtU eateKOl leS 

,, ,,, 



' i lydrocJr~n type: 

¢,,,turitces 

Ole|/nl~ 

Atom=tit =, ~tzl 

,~mmatlem, pol~'~uclear 
t , n 

L,~mlnornel~r .urr, b~r 

&n~JlnP poln|, oF 

II,'C =t~m r l t lo 

l"lenle~k] ;L~I)'I{t|. v;1~c 
C 

PI 

N 

B 

0 

V 

N, 

Na 

Cz 

f ' c  

~S  

~J  

W 

TJ 

J . ,  

meL~  anz]), |e~, l : . pm :  

j . . . . . . . . . .  

J 

, i  , ,  

D"129 0.4?- 

. . . .  I 

, , =,, 

i .  

_ _ m  



T/~BLE 7. - FUEL DATA FRO~ SOl_V[lll-l<~.F!lll ! I;OD, I. Pill.lOESS 

(a)  $RC producLs from Kenl;ucky h i g h - s u l f u r  l~ i t i lmi r lou,  c o a l s ;  daLa From r e f ,  ,19, 

Gravity, °A.PI iipeclfle|. 

Pl~lip4rty 

Boltlnl r u l l i  

L~IIItl bolllrl point, OF 

S% 

10 % 

20 

SO% 

6O% 

m R  
gG % 

Plnll bolllnK polnt, op 

Pour point, op 

Fluhpolnh op 

Vlicoil ly i t  Op 

I t  oF 

~l Op 

~.lll, wl% 

?uth: mell lemperi~Jre, op  

Ileal of com~nllon, l~o/lb 

Carbon realr~e 

CarbOn ranisbollOm, wt% 

Thermal allblll|y 

Eleeirleal con~ellvl|y 

Wirer 

Sedlmenl 

Neutrality 

Corrosion 

Tcsi 

Solv in i -  
re l ined  

co i l  

Li~E 
oll 

I l l l l  l i l l e  i ' l l+Korlel 

V..h 
I i l I  Yell[ 

Proc t l l  
IOIV~Q| 

I 



llydrc~art.3n I)"I+ ~: • 

P~al+J rmlt:~+ 

O]clln~ 

AI~m~HI.I+, tol~] 

~romltl,~, palynuclear 

l~ml~meler n~rn~or 

An~J|n~. p+~l~l, OV 

|I/C ~tom rstlo 

Elcmenln; ~n~lyaea, wt~:  

C 

II 

8 

0 

V 

C~ 

Pb 

C~ 

Pc 

D~ 

W 

TI 

cr 

+6.0 2.1 

~ x ~  

<1.0 

0+~ 

~1 7.2 

~+[ I,.8 

I,I 



TABLE 7. - Cant inued. 

(b) SRC products  from l i l . i n o i s  #6 c o a l ;  data  from r e f .  21 (b ) ,  

Properly 

Gravity, °/J)l (apeclrle) 

Bo|ll~11 rahile: 

Inlllll 5ollln I pOlnl, °1" 

S% 

10% 

20 

a09~ 

609B 

10 % 

80 9B 

~0~ 

95 9b 

["lnl| I~t|tnR polr4, oF` 

Test 

Your pOint, oF" 

Fl.~ahpOtnt, op 

Vtacaaity st °V 

at OF" 

at OF" 

Ash: melt temperalure. OF" (SlIC ael,~ tmI, V.; 

Heaiof combustion. Blu/lb (unl, pwc.) 

Cer~n reul&]e 

Ci0"Ix~n ra~lbottomf v, tC~ 

"J~rmal et~lllty 

Clectrlesl ~nducUvJty 

Water 

~dtm:nt 

I~eulrlJlty 

Carillon I 

, I 

92 l~-I 92 ~-Z 

0.19 

I~ PI9 

0,31 

• , ~67  

15 lJ] 

93 HB-I 93 1'~-2 

o.]g ,. n.2~ 

, ,  }~; ,, Js+ _ 

I~ bS? 15 67J 

. I 



H#dro~irbon t>i~i 

~ I ~ ] ' i ~ o  

Atom l i b  l,, f~ l.l] 

A r ~ m l l l ~ l ,  p M t ~ u e l e a r  
i 

L~imlc, o m e l e r  n u m b e r  

3mltllrm I~1~1, oF 

* I I / C  t l ~ m  r l l l o  
i 

l ' l e m c n l i l  Inil~,,les, wffl,:  

II 

! 0 

I TFI~O t rJ l lJJ  Irll].,tll~'ll I ~ l "  

V 

Ni 

N I  

I{ 

M I  

Cll 

C~ 

Pe 

Z~ 

ltlo 

W 

I r l  

1 . 0 7  

J . 1 9  

3 

i 

i 

i 

+ 

RI./,A 

6,12 

| . $ 9  

0 , 8 8  

~I , I I  

i | 

i . i  

i a 

: It~ ~? . : +.~.+o . 

t . [ O  . . = 1 . ~  

~ , 1 0  , .4 ,97 , 

i 

t 

J . . . . . .  

| ....... 

! . . . .  

! 

.-4- 

| 

- i  , 

! 

! 

! 

! 

| 
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TABLE l, - Continued. 

{c) SRC-[[ (typical properties from West Kentucky co~Is with 41percent sulfur 
and 2 percenL nitrogen); data from refs, 50 and 5 . 

r ~  

. . . . . . .  i 
~roperty 

Gr lv l i y ,  °/~Pi ( I p~ l | l e |  

Boiling range: 

Inlel i l  I)oltl~g pOint, °F  

to .% 

~o 

0o ,T~ 

6o,~, 

70 ,% 

eO$ 

Uo.% 
,JS ,% 

.. [-'lnull botlin~ .P~tnt' o{., 

I'our p in t °  op 

~'LaeI~inI, op 

Vlsco~Ity at tO0 °P, StlS 

al OF 

st °V 

,~1~. w~% 

,~h:  inlell temperature, o.,., 

C = r l ~  r~eldu= ...  

Car~ l  ramsbotlorn, wtt~ 
I 

"Fberm=l st;Lblltly 

I ' : l ~ l r l c ; I  ¢ont.~ctlv try 

w==;i . . . . . . .  

Sediment 

.=.t,=uy 
C o r [ o ~ l o n  

'P~lt 
Jotld 

-18.1 

i 

ct~ht 
d / s t / l ~ t e  

39. 

100 

[~stalla1~ t 'alegor|rs 

OllLillite 
f u e l  o i l  

5.0 

&On 

~oo goo 

z.e oo 0 , | 9  048. ,  I~. )oo 

! . . . . . . .  

1 ...... 

I 

! . . . .  

• i 

, ! , , 

! 

. ,  • 

16Q 
50 (7.)_cS) 

. . . . . . . . . . .  I . . . .  

"' i 

| ' ' I 

. ,  i 

l 

I . . . . .  i 

i 

• , i - J 

• . . ,  | 



llydro~arbon [-)T~: 

~Talur.llrs 

Olellns 

Ammatl~,a, total 

^america, polym~elrar 

l,umlnometer number 

Anlllnepolnl, OF 

II /C =~m ratio 

Elrrncntallnalynr~, wt;~: 

Tr=~e ~et=l ant|ysee, I~m: 

P 

I% 

Na 

K 

M~ 

Ca 

Cu 

Fe 

?.n 

',V 

T| 

2.f~ 

0,8  

LL,$ 7,(} . . . . . . . . . .  

Q,9 

l_q 

I L I I I 

m m  

__ [ , ,  



r~BLE: 7 .  - Cont.lnued, 

(d) SRC ( f i l te red a~;d upgraded); data From ref .  31. 

LO 

Properly 

O f l v l l y .  oApI ~JJx%'lflc) 

Doll ing r imie:  

tnlUel boil ing I~Otnt. o[~, 

s ~  

to % 

20 % 

40% 

so~5 

~o'~ 

fo % 

No% 

,J5 % 

F'lnul bol l lng i )o lnt ,  o p  

ri:,.hpo~,t. ~r 
V I I L o l l { y  i t  lO0° ]  " , 5rS 

at 2iO°F, cg 

at 350%'. c$ 

~ ,  ~1% 
,'~h': me l t  (empcroture,  ~1" 

l l e ' ~ t  of com~a t ton ,  B[u/ I I )  

Carbon residue iCons'adlo.'n)., v tZ  

Carbon ramlbo l tom,  wt~" 

" [ l~r rml |  I I "d} l l l l y  

E lect r ica l  c~ndurUvtty 
~,oo, 

Water 

3adimen| 
'N.~,..,.y 
Corr~lon 

Teat 

,= 

I 

F l l t e l t d  SIC a SIC H|trate b 

-$,6 ([.1257) I 2,5 (l,OS60) 

, [ 

~00 36~ 

~ZO _ 42B i 
S$0 4)5 

~65 I 450 

,~20 &6? 
I 

552 415 - i 

665 498 . . . .  I 

740 5)5 
, I 

825 ., i 600 

1020 100 
! . . . .  

815 at 89[ 

| 

, , ,  ! . . . .  

50 

I 

8~ (tgo0 cS] ! 
I 

~0,45 i 
] 

Q.O2 

. . . .  d 

I 

, j 

• q 

l~Is [ ~ll,l[l. r'aleKotJes 

UpRrm4rd SRC c 

9.~ H.ooz,) 

413 

55S 

• 6 (10  

,'JSO 

11B 

780 

850 

9~0  

t o ~  ,~ 6)I 

)2.69 

I/1.43 

O,OOl 

16.)! 

I 



(x1 

X)'III'O¢ irbi~ It'i~l: 

Olehne 

~mm~llt-. Iol,II 

/L~mIIlcl. polynue|~lr 

l.~nf~ometer num~ er 

/Inldlne [.~lnl, oF 

X/¢ atom rai[o 

£Iern~mtei amaiyees, wl~.  

C 

H 

19 

8 

O " 

~¢,1¢'e m~lil n~l |y l t ' l ,  ~mI  

P 

K 

MX 

Cn 

Cu 

}'e 

Z~ 

W 

"11 

i 

' I 
I 

6.90 

lco~] l ln le i  6} ppl{ lnI pT~r/le e~lvenl (17~6-19 p. 51). 

1,2O 

O.0B 

q , 4  
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I.O 

9|, ! ,  

90°85 

. O . ~ l n  . 
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