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PROJECTASSESSMENT

Introduction

Under subcontract from CONSOLInc. (U.S. DOECbntract No. DE-AC22-

89PC89883), IIT Research Institute, National Institute for Petroleum and

Energy Research applied a suite of petroleum inspection tests to two
direct coal liquefaction, net product oils produced in two direct coal

liquefaction processing runs. Twotechnical reports, authored byNIPER,

are presented here. The following assessmentbriefly describes the two

coal liquefaction runs andhighlights the major findings of the project.

It generally is concludedthat the methodsused in these studies can help
define the value of liquefaction products and the requirements for

further processing. Theapplication of these methodsadds substantially

to our understanding of the coal liquefaction process and the chemistry

of coal-derived materials. These results will be incorporated by CONSOL

into a general overview of the application of novel analytical techniques
to coal-derived materials at the conclusion of this contract.

Backaround

Regardless of the specific technology used to produce transportation

fuels from coal, at least some portion of the net product of the

liquefaction process will have to undergo additional refining to make

finished products. Thepresenceof an on-line hydrotreater will minimize

further refining requirements of the total products. However, there is

a need to characterize that portion of the material leaving the lique-

faction plant as net product and going to the refinery as feed. In
addition, correlations drawnbetweenoperating variables of the lique-

faction and finishing processesand net product characteristics will be

extremely useful in directing future production efforts. It also is

necessary to obtain accurate estimations of upgrading costs to produce

specification fuels. Although it is acknowledgedthat the standard

petroleum feedstock tests are not tailored for the analysis of coal

liquids, it is believed that they are the best starting point for this
analysis currently available.

It was recommendedin CONSOL'sAnalytical NeedsAssessment1 that standard

petroleumtests be performedon coal liquefaction syncrudesto assess the
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applicabilityof those tests. Therefore,in a directed attempt to meet

this particular analytical need, standard petroleum refinery feed

analyseswere performedon productsof the Wilsonvillepilot plant2'3and,

as describedherein, on productsof the HRI Inc. bench unit.

Pl'ocess|nq Runs and Samoles

Two separate studies were conducted by NIPER, both are included in this

volume. The first study was performed on the net product oil of HRI

bench unit Run CC-IS. The second study was performed with HRI bench unit

CMSL-2 net product oil. The net product oil from HRI Run CHSL-2 was

chosen for study because this run is considered to be representative of

state-of-the-art direct coal liquefaction technology. It should be noted

that, in both bench unit runs, somelow-boiling material was lost during

product collection and sampling. Thus, the lowest boiling componentsare

artificially depleted somewhatin the samples analyzed here.

Run CC-15

The objective of HRI's CTSL Run CC-15, also called Run 227-75, was to

test a predtspersed (impregnated) hydrated iron oxide catalyst. The feed

coal was Wyodak and Anderson seam, Black Thunder Mine, subbitumtnous

coal. Start-up and make-up oil for Run CC-15 was filtered process-

derived liquid, produced in HR! Run 260-03, which also used Black Thunder

Mine coal. Throughout Run CC-15 the first stage reactor was operated

thermally; Shell S-317 Ni/Mo on alumina catalyst was present in the

second-stage reactor. No on-line hydrotreater was used in the run. The

net product sample analyzed in this subcontract was produced by composit-

tng a total of 26 sample aliquots obtained duping the run from the

separator overhead (SOH) process stream and the atmospheric still over-

head (ASOH) process stream.

Run CMSL-2

The main objective of HRI's Run CMSL-2, also called Run 227-78, was to

investigate the effect of a high coal concentration on process perform-

ance. The higher coal concentration in the coal-solvent slurries was

accomplished by lowering the solvent-to-coal ratio from 1.2 (to as high

as 1.6) used in previous bench-scale runs, to a value of 0.9 in

Run CMSL-2. The feed coal was Illinois No. 6, Burning Star 2, bituminous

ii



coal. Throughout Run CHSL-2, the ftrst- and second-stage reactors were

operated catalytically; Shell S-317 Ni/Ho on alumina catalyst was present

tn both reactors. No on-line hydrotreater was used in the run. The net

product sample analyzed tn thts subcontract was produced by compositing

a total of 10, one-half gallon sample altquots obtained durtng periods

8 through 12 of the run from the separator overhead (SOH) process stream

and the atmospheric still overhead (ASOH) process stream.

Overvtew 9f Results

Run CC-15

The methodology employed was to analyze the whole net product sample,

which in Run CC-15 was a blend of the SOHand ASOHfrom Conditions 2, 3,

and 4. The whole sample was fractionated into four distillation cuts;

naphtha (IBP-380 "F), kerosene (380-510 "F), diesel (510-650 °F), and

resid (650 "F+). Each of the straight-run fractions was Inspected using

an appropriate suite of methods. The naphtha and kerosene fractions then

were causttc washed for the removal of phenolic compounds. The washed
fractions were then re-tested.

The coal 11qutd product quality was assessed by comparison of the

phystcal and chemical property test data for the distillation fract|ons

(IBP-380 "F, 380-510 "F, and 510-638 "F) to the corresponding specifica-

tions for gasolines, aviation turbine fuels, diesel fuels or fuel otls,

respect|vely. The properties of the net product oil and its distillate

fractions show that the coal-derived material has many des|table qual-

ities. The whole crude has low sulfur, metals, ash and resid contents

and boils below the maximumtemperature allowed for the production of

transportation fuels. The naphtha fraction (IBP-380 "F), which

represents 40% of the net product, ts highly naphthenic and has a low

benzene content. The naphtha fraction appears to be amenable to mild

hydrotreating to produce a good gasoline blendstock or reformer feed-

stock. The kerosene (380-510 °F) fraction, which represents 33% of the

net product, is too cyclic for use as aviation fuel and it is recommended
that this fraction be distributed into the two cuts on either end of it

(diesel and gasoline feedstocks). The 510-680 °F fraction, which

represents 22% of the net product, met most specifications as a dtesel

fuel and heating fuel, although its cetane index would need to be boosted
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for premtumdtesel fuel use. Causttc washtngremoved2%and4%phenol|cs

from the naphthaandJet fuel fraction, respectively, and provtded minor
Improvementstn the qualities of the washedfractions.

Run CMSL-2

The methodologyusedwasto analyze the whole samplefrom RunCMSL-2and

then to fractionate it into four distillation cuts; naphtha ([BP-350 "F),

kerosene (350-400 "F), diesel (400-550 "F), and resid (>550 "F). Each

of the straight-run fractions was inspected using an appropriate suite

of methods. A portion of the kerosene fraction was caustic washedfor

the removal of phenolic compoundsand the washedfraction was then re-
tested.

As in the previous case, the coal liquid product quality was assessedby

comparison of the phystcal and chemical property test data for the

distillation fractions to the corresponding specifications for gasolines,
aviation turbine fuels, diesel fuels or fuel oils. This syncrude has

manydesirable properties. It is a low-sulfur crude that is nearly free

of metals, ash and resid. The naphtha fraction (IBP-350 "F), which

represents 25% of the crude, met a numberof the specifications for

gasoline; however, this material would best be mildly hydrotreated to

achieve a specification vapor pressure. This material would be an

acceptable feedstock for a catalytic reformer if the olefin content were

reduced by mild hydrotreating. The biggest deficiency with the kerosene

fraction (350-400 "F), which represents 6%of the crude, for use as an

aviatton turbine fuel is its high aromatic content; aromatictty affects

combustion performance. Hydrogenation should improve its properties.

However, the severity of hydrotreating necessary to make acceptable
aviation jet fuel maynot be economically favorable. It is recommended

that this low-sulfur kerosene fraction, instead, be distributed into the

cuts on either end of it (diesel and gasoline feedstocks). The 400-

550 "F fraction, which represents 35%of the crude, meets most of the

specifications for diesel fuel andheating fuel. The cetane numberwould

need to be boosted for use as a premiumdiesel fuel. The >550 °F

fraction, which represents 34%of the crude, met most specifications for

No. 4 heating oils, and manyspecifications for lighter grade heating
fuels.

iv



CON_OLEvaluatlon_nd Recommendations

AlthoughIt is acknowledgedthatthe petroleuminspectiontestswerenot

designedfor analyslsof coal liquids,these testsprovidethe best

availablemethodfor evaluationof the qualityand valueof the direct

coalliquefactionproductoils. The propertiesof the net productoils

and the dlstlllationfractionswere shown in thls work to have many

desirablequalities.Verificationof the suitabilityof thesetestsfor

coal liquidswouldbe advantageous.It is our recommendationthattest

programssuch as thesebe appliedmore frequentlyto the productsof

ongoingprocessdevelopmentprograms.This wouldprovideguidancefor

processimprovementefforts.
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1. EXECUTIVE SUMMARY

CONSOLInc. is conductinga programtoaid in theadvancementof directcoal liquefaction

processdevelopmentundercontractfromtheU.S. Departraentof Energy(ContractDE-AC22-

89PC89883). In thisprogram,a numberof researchlaboratories,includingthefiT Research
Institute,NationalInstituteforPetroleumand EnergyResearch(NIPER),areanalyzingdirectcoal

liquefaction-derivedmaterialsundersubcontractfromCONSOL. NIPERrecentlyinvestigatedthe

propertiesof a synthetic crudeoil producedbyHRI,Inc. in CatalyticTwo-StageLiquefaction
(CTSL)RunCC-15. Theresultsof thatinvestigation arepresentedin thisreport.The objectiveof

HRI'sCTSLRunCC-15, also called Run227-75, was to test a predispersed(impregnated)

hydratedironoxide catalyst. The feed coalwas WyodakandAndersonseam,Black Thunder
Mine, subbimminouscoal. Start-upandmake-upoil for RunCC-15 was filtm_ procm_derived

liquid,producedin HRIRun 260-03, whichalso used BlackThunderMinecoal. ThroughoutRun
CC-15, the first stagereactorwas operatedwithouta catalystbedat ca. 427° C. Criterion317

Ni/Mo on aluminacatalystwas presentin thesecond-stagereactor,whichwas operatedatabout

413° C. The impregnatedcatalystwas activatedwith H2S at275-300° C in a pretreatervesseL The

on-line hydrotreaterwas notused in the run. Thenet productsampleanalyzed in thissubcontxaet

was producedbycompositinga totalof 26 samplealiquotsobtainedduringthe runfromthe

SeparatorOverheadprocessstreamandtheAtmosphericStill Overheadprocesssueam.

The compositecoal-derivedsyntheticcrudewas distilledby ASTMMethodD 2892 to producean

IBP-380° F distillate(40.2 weight percent),a 380-510° F distillate03.4 weightpercent),a 510-

638° F distillate(22.5 weight percent),anda >638° F residue (2.7 weight percent).Portionsof the

IBP-380° F and380.510° F distillatecutswere subjectedto a causticwashprocedureto remove

phenoliccompounds(2.4 and4.0 weightpercent,respectively)and producetwo additional

fractions. The totalsample,the threedistillatefractions,theresid, andthe two caustic-washed

fractionswere characterizedby a totalof approximately175chemicaland physicalpropertytests

using ASTM,UOP, and otherstandardandpublishedmethodsdevelopedfor petroleumand

petroleumproducts.

The coal liquid productqualitywas briefly assessed bycomparisonof the physicalandchemical

property test datafor the appropriatefraction againstthe specificationsfor gasolines,aviation

turbine fuels,diesel fuels or fuel oils. However, it should be noted that thesespecifications apply

to finished fuels that arenormallycomprisedof blends of variousrefinery streamsalong with

additives and thus do not even apply strictlyto straight-runpetroleumdistillates,let alone coal

liquid distillates.



TheIBP-380°F distillatefractionfailedthecorrosion,gum,oxidationstability,octaneand

distillationspecificationtests.However,the190-380°F portionofapetroleumcrudeisnormally

processedbycatalyticreformingbeforeblendingintogasoline.Thiscoalliquiddistillatemay need

furtherprocessing to remove olefins before becoming suitable for reforming. Caustic washing of

this fraction gave an improved product, although most of the specification tests were still not met.

The greatest improvements were in oxidation stability and acidity.

The 380-510 ° F distillate fraction passed many of the specification tests for aviation turbinefuels

althoughsomeimportantspecificationtestsincludingaromaticcontent,smokepoint,freezing

point,andthermalstabilitywerenotmet.Thecaustic-washed380-510°F distillatefraction

showedasignificantimprovementinmercaptancontentandsomeotherminorimprovements.

However, both of these fractions should benefit from hydrogenation or hydrocracking for blending
into finished fuel.

The 510-638 ° F distillate fraction met most of the specifications for diesel fuel and heating fuel otis

although the cetane index calculated met the specification only for Grade No. 4-D diesel fuel oiL

Overall, the coal liquid should benefit from fm'ther hydroprocessing. In particular,conversion of

aromatics to naphthenes would be necessary to produce an acceptable blending product for aviation
turbine fuels.

2. EXPERIMENTAL

Following instructions from CONSOL, the coal liquid sample was prepared by blending the entire

contents of individual containers received from CONSOL and designated by HRI as Atmospheric

Still Overheads 227-75- PD.6C, PD.7A, B, C; PD.SA, B, C; PD.10A, B, C; and PD.I 1A, B and

labeled LO-6184 through LO-6195 and Separator Overheads 227-75 PD.7A, B, C; PD.SA, B, C;

PD.10A, B, C; PD.I IA, B, C; and PD. 12A, B and labeled LO-6196 through LO-6209,

respectively. The net weight of the Atmospheric Still Overheads and the Separator Overheads were

reported as 6.919 Kg and 16.534 Kg, respectively. A 19.6 Kg portion of the blended coal-derived

synthetic crude was distilled by ASTM D 2892 to produce a C4 fraction from debutanization, an

IBP-380 ° F distillate, a 380-5100 F distillate, a 510-638 ° F distillate, and a >638° F resid. The C4

fraction, amounting to only l.O weight percent, was discarded. Portions of the IBP-380 ° F and

380-510 ° F distillates were subjected to a caustic wash procedure to remove phenolic compounds

and produce two caustic-washed fractions. Yields are listed in table I.



Experimentalmethodsusedin theanalysisof this coal-derived synthetic crude andits fractions

werestandardASTMor UOP methods, asnotedalong with the experimentalresults in tablesI and

II, withsome minorexceptionsas discussed laterin thissection. A briefdescriptionof the
methods fofiows:

i

2.1 Gravity

Specific gravities were measured by a Merder/PaarDMA45 at 60" F according to ASTM D 4052,

Density and Relative Density of Liquids by Digital Density Meter. API gravities were ealeulaled
from the specific gravities.

2.2 ElementalAnalysis

CarbonandHydrogenweredeterminedwithaPerkinElmerModel240C.Theprocedureusedis

thatdescribedinASTM D 5291,StandardTestMethodfortheInstrumentalDelerminationof

Carbon,Hydrogen,andNitrogeninPetroleumProductsandLubricants.

SulfurcontentsweremeasuredaccordingtomethodASTM D 3120,TraceQuantitiesofSulfin"in

LightLiquidPetroleumHydrocarbonsbyOxidativeMicrocoulometry,usingaMitsubishiTOX-10

mierocoulometer.

NitrogenvaluesweremeasuredbyanAntek730CaccordingtoASTM D 4629,TraceNitrogenin

LiquidPetroleumHydrocarbonsbyOxidativeCombustionandChemiluminescenceDetection.

Oxygen values were determinedby dLfferenceby subtractionof the C, H, N, and S elemental

analyses datafrom lO0.Opercent.

Basic nitrogen values were determined by UOP 269, Nitrogen Bases in Hydrocarbonsby

PotentiometricTitration, using a Brinkmann 636 Titroprocessor.

MercaptanSulfurcontentsweremeasuredbyASTM 3227,MercaptanSulfurinGasoline,

Kerosine,AviationTurbine,andDistillateFuels(PotentiometricMethod).

2.3 TraceMetals

V, Ni, Fe, and Cu were determined by ASTM D 5185 by Inductive Coupled Plasma Atomic

Emission Spectroscopy (ICP-AES), using an ARL 3560. Scandium (5ppm, Conostan) was used
as an internal standard.



2.4 Ash

Ash contentswere determinedby ASTM D 482, Ash from PetroleumProducts.

2.5 Viscosity

KinematicViscosities weremeastmxiaccordingto ASTM D 445, Kinematic Viscosityof

Transparentand OpaqueLiquids. CannonCertified Viscosity Standard(S-3) was used for

confirmatorychecks.

2.6 RefractiveIndex

All measurementsfor thetotaldistillateandfractionsdistillingbelow510° F weremadeusing the

SodiumD line at20° C accordingto ASTMD 1218,RefractiveIndexandRefractiveDispeumionof

HydrocarbonLiquids. The fractionsdistillingabove 510° F weretoo darkto measme.

2.7 FreezingPoint

Freezingpoints were measuredbyASTMD 2386, FreezingPointof Aviation Fuels.

2.8 Cloud Point

Cloudpointdeterminationby ASTMD 2500 was not successfulasthe 510-638° F distillatewas
too darkto measure.

2.9 PourPoint

Pourpoints were measuredaccordingto ASTMD97, PourPointsof PetroleumProducts.

2.I0 ReidVaporPressure

VaporPressuresof two fractions,IBP-380 and 380-150° F, were measuredby ASTMD 5191,

VaporPressureof PetroleumProducts(MiniMethod). The measuredtotalpressureswere

convertedto a Reid Vapor PressureEquivalent(RVPE)by use of a correlationequation. A
GrabnerInsmunents ModelCCA-VPSwas used for the measurements.



2.II MicroCarbonResidue

Carbonresiduesweredeterminedonthetotaldistillamandthefractionsdistillingabove510°F by

ASTM D 4530,MicroCarbonResidueofPetroleumProducts.Thistestprovidesresults

equivalenttotheConradsonCarbonResidue(D189),whileofferingadvantagessuchasbetter

controloftestconditionsandsmallsamplesize.

2.12 Flash Point

Flash points were measured by ASTM D 56, Flash Point by Tag Closed Tester (for the 380-

510 ° F distillate), and ASTM D 93, Flash Point by pensky-Martens Closed Tester (for the 510-

638 ° F distillate).

2.13 Heptane Insolubles

Asphaltene content in the total distillate was measured by ASTM D 3279, n-I-IeptaneInsolubles.

2.14Bromine Number and Olefm Content

Bromine numbers were measured with a Brinkmann 636 Titroln'O_ssor according to ASTM D

1159, Bromine Numbers of Petroleum Distillates and Commercial Aliphatic Olefms by
Electrometric Titration. Olefm contents of the 380-510 ° F and 510-638 ° F distillate fractions were

calculated according to Annex A4 of ASTM D 1159.

2.15 Aniline Point

Aniline points were run by Method A, ASTM D 611, Aniline Point and Mixed Aniline Point of

PetroleumProductsandHydrocarbonSolvents.

2.16 Smoke Point

Smoke point was measured by ASTM D 1322, Smoke Point of Aviation Turbine Fuels.

2.17 Acidity

Acidities were run by ASTM D 3242, Acidity in Aviation Turbine Fuel.



2.18 Copper Corrosion

Copper corrosions were determinedaccording to ASTM D 130, Detection of CopperCorrosion

from Petroleum Products by the Copper Strip Tarnish Test.

2.19 Existent Gum

Existent gum was measured andreported as washed existent gum for the IBP-380 ° F distillate,

according to ASTM D 381, existent gum in Fuels by Jet Evaporation. The upper boiling point for

the 380-510 ° F distillate was too high for determination of existent gum on this fraction since our

equipment is not equipped with superheated steam.

2.20()xidationStability

Oxidation stability on the IBP-380 ° F distillate was determined by ASTM D 525, Oxidation

Stabiliw of Gasoline (Induction Period Method). Oxidation stability of the 510-638 ° F distillate

was determined by ASTM D 2274, Oxidation Stability of Distillate Fuel Oil (Accelerated Method).

2.21 _ Stability

Thermal stability of the 380-510 ° F distillate was determined by ASTM D 3241, _ Oxidation

Stability of Aviation Turbine Fuels by Jet Fuel Thermal Oxidation Tester (JFrOT).

2.22 Distillation, D 86 and Gas Chromatographic Simulated Distillation, D 5307 and D 2887

Simple atmospheric pressure distillation, ASTM D 86, Distillation of Petroleum Products, was

used for the total distillate and three distillation fractions boiling below 638 ° F. The D 86

distillationdata is summarizedintableM. Due tothermaldecompositionproblemswiththetotal

distillate and the 510-638 ° F distillate fraction, simulated distillation data by ASTM D 5307,

Determination of Boiling Range Distribution of Crude Petroleum by Gas Chromatography and by

ASTM D 2887, Determination of Boiling Range Distribution of Hydrocarbon Distillates by Gas

Chromatography, were acquired for the two samples, respectively.



2.23 Distillation, D 2892

Distillation fractions corresponding to IBP-380 ° F, 380-510 ° F, and 510-638 ° F and a >638 ° F

resid were prepared by ASTM D 2892. Data from the distillation are summarized in table I with

the detailed data givenin Appendix A.

2.24 Octane Number

Octane numbers were obtained by ASTM D 2700 (Motor Method) and D 2699 (Research Method)

on the IBP-380 ° F distillate before and after caustic washing.

2.25 Cetane Index

The C.etaneIndex for the 510-638 ° F distillate fraction was calculated according to method ASTM
D 976.

2.26 Heat of Combustion

Heat of combustion was determined for the three distillate fractions by ASTM D 2832, Heat of

Combustion of Hydrocarbon Fuels by Bomb Calorimeter ffligh-_on Method). The values

obtained are smnmarized in table IV.

2.27 Group Analysis

A. Gas Chromatography

Detailed Hydrocarbon Analysis according to modified method ASTM D 5134 was performed on

the IBP-380 ° F fraction. In this analysis, (sometimes termed PIANO for paraffins, isoparafl'ms,

aromatics, naphthenes, and olef'ms) individual components up to tridecane are quanlified. Benzene

was determined by this method also. A Siemens Sichromat 2 GC with Chrom Perfect and DHA

software was used. The results from the PIANO analyses are provided in Appendix B and

summarized in tables I and II.



B. Mass Spectrometry

Group type analyses of the 380-510 ° F and 510-638 ° F distillate fractions was performed by the

high resolution mass spectrometric method, HC22, published by Richard Teeter (1). Naphthene

content was corrected for olef'mcontent determined by ASTM D 1159 as the HC22 method does

not distinguish between olefms and naphthenes. Detailed results are given in API_dix C and are

summarized in tables I and II.

C. Naphthalenes by UV Spectroscopy

Naphthalenes were determined in the 380-510 ° F distillate by ASTM D 1840, Naphthalene

Hydrocarbonsin Aviation Turbine Fuels by Ultraviolet Spectrophotometry. Data are given in

tables I and II.

2.28 Caustic Washing and Phenol Recovery

The caustic wash and phenol recovery procedure is described below:

The following procedure is written for the caustic wash of a single 300 g aliquot of sample. The

procedure can be linearly scaled to accomplish caustic washing of larger samples.

Equipment: Separatory funnel (1 L or larger) or mixing vessel (tank)

Vacuum rotary evaporator

Supplies: 20 weight-percent NaOH solution

Concentrated HCI

Dichloromethane (CH2C12)

Caustic Wash

Each 300 g aliquot of sample to be washed is contacted twice with equal weight (300 g) aliquots of

NaOH solution. This is followed by three washes with an equal weight (300 g) of distilled water.

The water mixture is allowed to settle and the water layer is drawn off. 1



PhenolRecovery

Thecollected aqueousphasesarecombinedandacidifiedwithconcentratedHCIto a pH of 5.0-5.5

andtransferredto a separatoryfunnelormixing tank. The phenolsarerecoveredfromthe acidified

waterby washingwith threeor more(300 g) aliquotsof dichloromethane.The dichloromethaneis

removedfromthe separatoryfunnelandevaporatedto obtainthephenolic exwact.

INotel If a stableemulsionforms it canbe recoveredseparatelyfromthe oil and waterphasesand

brokenby gentleheating.

3. EXPERIMENTAL RESULTS

Chemicalandphysical propertytestdataare listedin tableI forthe total distillate,I]31'-380° F
distillate,380-510° F distillate,510-638° F distillateand the>638° F resid. Similardatafor the
caustic-washedIBP-380° F and380-510° F distillatefractionsarelistedin table IL Results from

D 86 distillationsand simulateddistillationsaregiven in tableHI. SummaryD 2892 distillation

dataarelisted in table I. Completesimulateddistillationand D 2892 dataaregiven in AppendixA.

Heatof combustiondataarelistedin tableIV. Grouptypeanalysisdamby gas chromatography

(ASTM5134) aresummazizedin tablesI and IIwith thecomplete dataincludedas AppendixB.

Similarly,the grouptypeanalysis data determinedby massspectrometryaresurmmuizedin tablesI

andII with the completedataincludedas AppendixC. Detailsof the themuflstabilityOFTOT)

tests aregiven in AppendixD.

4. ASSESSMENT OF DATA QUALITY AND APPLICABILITY OF METHODS

Applicationof ASTM andotherstandardmethodsalong with a qualityassuranceprogramthat

includesanalysisof primarystandardswhere available,secondarystandards,andregular

participationin interlaboratoryroundrobintest studiesshould assuredata qualityfails withinthe

statisticalparametersassociatedwith the particulartestsemployed, except for those tests thatdo not

applywell to nonpetroleum-derivedmaterials. Duplicatedeterminationsareusuallymadefor most

tests andthe resultsroutinelyfallwithinthepublishederrorlimits.



An exception to the use of standard methods was the determination of oxygen by difference by

subtraction of the C, H, N and S elemental analysis data from I00.0 percent. This usually results

in reasonable values for oxygen content, but can lead to misleading results. For example, the value

of 0.00 obtained for the oxygen content of the <380° F distillate cut is clearly in erroras the phenol

separation indicated 2.4 percent phenols in this fraction. "Ihe standarderrors in themeasmement

of C. H, N and S (cumulative erroris + 1%) can lead to ,.;ucha result.

Almost all of the tests employed in this study were developed for application to petroleum and

petroleum products. The applicability of some of the tests to coal-derived liquids is not a simple

issue. The physical property tests should apply equally well to coal liquids as to petroleum

products in respect to determination of the property. However, in some cases correlation of that

property to performance of the material for its intended use may be somewhat different for coal-

derived liquid products than for petroleum products. The potential for inaccuracy is more serious

for most of the chemical tests. For example, the methods employed for the group type analyses of

the <380 ° F, 380-510 ° F, and 510-638 ° F fractions do not determine oxygenates, nitrogen

compound types or all possible sulfur compound types even for petroleum-derived fractions. This

is usually not a serious omission for the lighter fractions except for the presence of phenols in the

coal-derived fight fractions. These limitations can be very important for fractions containing

significant quantities of oxygen-, sulfur-, or nitrogen-containing compounds as indicatrxlin the

methods. Also, the HC22 mass spectrometric method employed for the 380-510 ° F and 510-

650 ° F fractions were developed for petroleum-derived materials. The different distributions of

isomers and alkyl-substituted homologs within the various compound types between coal liquids

(and even atypical peu'oleum crudes) and conventional petroleum etudes can affect the accuracy of

compositional data produced by the HC22 method, the corresponding ASTM methods, and other
similar methods.

Some of the ASTM methods, such as D 2274, state they are "not applicable to fuels containing any

significant component derived from a nonpetroleum source". For others, such as ASTM D 5134,

Detailed Analysis of Petroleum Naphthas Through n-Nonane by CapiUaryGC, significantly

different composition can be a problem for correct peak identification. For example, an oxygenate

co-eluting with a hydrocarbon compound would cause an erroneously high result for that

compound. In spite of the problems of applicability, the methods employed in this study are the

best (or among the best) available; and in most cases they are the tests required in the specifications

for the end use products for which these distillate fractions would ultimately be used, after further

processing.
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5. ASSESSMENT OF PRODUCT QUALITY

Productqualityfor the<380° F, 380-510° F, and 510-638° F distillatefractionswill be assessed by

comparisonof the physicalandchemicalpropertytestdataagainstthespecificationsfor gasolines
(ASTMD 4814), aviationturbinefuels(ASTM D 1655),and diesel fuels (ASTM D 975)/fueloils

(ASTMD 396), respectively. It shouldbe noted upfrontthatthese specificationsapplyto finished

fuels thatarenormallycomprisedof blendsof variousrefmingstreamsalong with additivesand

thusdo not even apply directlyto straight-ranpetroleumdistillates,let alol_ecoal liquiddistillates.

5.1 Assessmentof the IBP-380° F DistillateFraction

Thequalityof the IBP-380° F distillatefractionis probablybestassessedin Ire'msof specifications

for gasoline. The vaporpressurefor thisdistillatefractionfalls well below the maximumallowed

for allof the vaporpressure/distillationclasses of gasolines. In fact,this fractionwould needto be

blendedwithsome lightermaterialtomeet the minimumrequirementsfor distillationboilingrange

in termsof the 10percentevaporatedmaximumtemperature,whichrangesfrom 122-158° F for

classesAA-E. Similarly,the 50 percentoff-temperaturefalls outsidethe rangeof maximum

tempemunesfor the classes (253° F comparedto specificationsof 230° F for class E to 250° F for
classesAA andA). Finally, the maximumtemperaturespecificationsforthe 90 pen_nt off and

endpointsaremet by theIBP-380° F distillatefraction. Also, themaximumresidueallowed

(2 percent,volume) was met easily, as no residue was observed.

Otherspecificrtiontests thatwereperformedinclude copperstripcorrosion,existentgum,sulfur

content,andoxidationstability. The distillatefractionfailedthecopperstripcommon lest Ob

versus 1,maximum),the washed existentgum test (11.2 versus 5, maximum),and the oxidation

stabilitytest (105 minutesversus240 minutes,minimum). Sulfurcontentmet the specifications

(0.03 weightpercentversus 0.10, maximum)in spite of the presenceof some hydrogensulfide

and failurein the copperstripcorrosiontest.

The octanenumbertests gave resultsconsiderablybelow thatrequiredfor a finishedgasolineas

would beexpected. The octanenumbersfor petroleumdistillatesin thisboilingrangeareusually
on theorderof 60-70. Typically,lightstraight-rungasoline,catalyticreformate,catalytically

crackedgasoline, hydrocrackedgasoline,polymergasoline, alkylate,anda-butaneareblended

along withadditives to producea finished gasoline. Generally, the heavystraight-rungasoline

fraction(boilingrangeapproximately190-380° F) is usedas feed to the catalyticreformerto

producea 90-100 researchoctaneproduct(2). Such a processwouldbe necessaryfor the coal

11



liquid<380° F fraction(orat least the 190-380° F portion)to improveitsqualitiesfor gasoline

blending,althoughremovalof olefinswould berequiredto make it acceptableas a catalytic
reformerfeedstock.

5.2 Assessmentof theCaustic-WashedIBP-380° F DistillateFraction

Results for several of the physical and chemical propertytests showed improvementin the caustic-

washed <380° F distillatefraction. Thespecific gravity,ReidVaporpressure,and4.76 percent

losses experiencedin the causticwashingareconsistentwith loss of some lowerboilingmaterialin

the causticwashprocedure. Resultsthatshowedimprovementincludeacidity (from0.05 to <0.01

mg KOH/g),copperstripcorrosion(fi'om3b to 2d, but still failed), washedexistent gum(from
11.2 to 9.0 rag/100mL, still failed),andoxidationstability(D 525) (from 105to 1440minutes,

pass). Octanenumbersshowed a slightdecreaseafterwashing andheatof combustionshowed a
slight increase. Mecaptansulfurshoweda significantdecreaseafterwashing(from52 to lOppm).

Most of thechangesobservedarethoseexpectedfroma caustic washor areconsistentwiththe

loss of some light ends. The qualityof thefractionin termsof its suitabilityfor gasolineis

somewhat,butnotdrastically,improvedas comparedto the distillatebeforecausticwashing.

5.3 Assessmentof the 380-510° F DistillateFraction

The 380.510° F distillatefractionis assessedin termsof specificationsfor aviationttubinefuels

althoughfinishedjet fuels aresometimesblendedfrom a varietyof refinerystreamswiththe

additionof variousadditives also. Nevertheless,thisdistillatefractionpassedthe _cation

tests for total sulfurcontent, acidity, copperstripcorrosion,flashpoint, density anddistillation

final boilingpoint, residueand loss. Failedtests includearomaticcontent (41 versus20 volume

percentmaximum),mercaptansulfur(45 versus 30 ppm maximum),10 percentdistillation

temperature(220 versus205° C maximum),freezingpoint (-12 versus -40° F maximum), viscosity

(10.8 cSt versus8 cSt at-20 ° C), net heat of combustion(41.7 versus 42.8 MJ/kgminimum),

smoke point (10.9 versus 20 or 25 ramminimum),naphthaienes(4.2 versus3.0 volume percent,
maximum),and thermalstability (tubedepositrating>4 versus3 maximum). The higharomatic

contentof thisdistillatefractionis probablythemostserious deficiency in its potentialuse as a

blendingstockfor aviationfuel. Hydrogenationor hydrocrackingshouldimproveits properties

significantly.

12



5.4 Assessment of Caustic-Washed 380-510 ° F Distillate Fraction

The test result thatshowed the most significant improvement after caustic washing of the 380-

510 ° F distillate fraction was the mercaptan sulfur value, which decreased from 45 ppm to less

than 0.1 ppm. Most other properties showed some improvement. Overall the caustic-washed

fraction, although siighdy improved for use in blending for jet fuels, is limited by the high aromatic

content and related low smoke point.

5.5 Assessment of the 510-638 ° F Distillate Fraction

The quality of the 510-638 ° F distillate fraction is probably best assessed using the specifications

for diesel fuel oils and heating fuel oils. In terms of the diesel fuel oil specifications, the distillate

meets the flash point, distillation, ash, sulfur, and copper strip corrosion tests for all grades and the

celane number for Grade No. 4-D diesel fuel oil. The viscosity was only slightly under the

minimum requirement of 5.5 cSt at 104° F. The cloud point could not be determined because the

fraction was too dark in color.

In terms of heating oil or fuel oil specifications, the 510-638 ° F distillate fraction meets the

requirements in terms of flash point (except for No. 6 fuel oil), viscosity (for Grade No. 4 light,

only), ash, sulfur, and copper strip corrosion. Pour point was somewhat high (35° F compared to

28° F, maximum for Grades No. 2, 4 light, and 4).

5.6 Assessment of the >638 ° F Resid

The quality of the >638 ° F resid fraction is probably best assessed using the specifr, ations for

heavy beating oils, although a corresponding petroleum fraction would probably be sent to a

catalytic cracking or hydrocracking unit in most refineries. The high nitrogen and metals in this

fraction (based on the whole distillate values) would probably exclude it from consideration for

catalytic cracking. In any case, the low ash content, low sulfur content, and copper strip corrosion

value all meet the specifications for even lighter heating oil grades, indicating good quality in that

respect.
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Table I. - Chemicaland PhysicalPropertyData

Date Started Date Completed 5-26-93
, i

Sample..... , ,,

Property Total 380. 510 -
Dist. <380" F 510" F 838" F >638" F

"_pe¢_ce_i@ _" F(_) 018522.... 0_7798.... 0.8899 '0.9_3 ..... 0.9773_-
.APlGr=v_(c,,:,b,t_) 3415 50.0 ..... 27.s 21.0 13.3 -

.... C!.rbon(D5291) 86.77 85.,..9.3 87.!_....... 1_7.6_1 , 87.93 _

. Hydrogen(D5291) 12.52 ,I 13._S 11.77 il.37 10.28.
Sulfur (D3120) ...... 0,05 i 0.03 0.03 . q.0.i 0.12 _0.25 o.09 0.33 o.22 0.81

, ,i

0.41

Trace Metals 12.2

14.6 !

cat

1.40196 Too Dad(
"F -24 -12

CloudPoint "F Too Dark

Pr_,_Jm 2.54 <0.01

voL% 45.7 43.1



Table II. - Chemicaland PhysicalPropertyDataforCausticWashedDistillateFractions
Date Started Date Completed 5-26-93

• "
.................. .._,rW......_sm_, o. 'Property

<38o"F 51o-_.....
s=._=G_ Qeo"Fi_) o_5 , o.m=

C_ (D5291) "' I ...._........'_.i2 ............ I ........i ,8,,7.75 , '
I-lydrog_ (05291) L 13,77 , ! ,,11.ca

S_r (D3120} .... [ , 0.03 .... t <0.01
(_) ] 0.07 o._cw_ ........ '"... ' o_oi........ I .0,23 .

Bajo 0.058 0.264

Pre_ure 2.09 <0.01
wt:%

Inso_bkm wL %
05134 and

vol. % 34.7' 9.1
voL % 48.8 4e.0

Aromatics,voL % 9.2 41.9
vol. % 4.2

Benzene mod 0.078
voL % 3.74

"F

<0.01 0.01

R!

Heat of Combustion Refer to Table IV

Unknowns= 3.1 volume%.
=Washed existentgum.
=Requiressu_ steamwhichis not availableto our instrument.

Supervisor
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° ' " , •
• "v,_

Table IlL - ASTM O 88 and SimulatedDistillationResults,Te___' ,:3 "i_"
ReadingsCorrectedto 101.3kPa (760 mm Hg) PmmlWm

II Illl I I I I I r I lI I Irllllllr I Iil II I I I II - --

Sample TotalOlltiIMe' IBP-380'F= 380 - 510"I= 610.638" F=, iililil lii I Ilill]lii lililli il i ill I ] il,,,

8ammeUtoPreem_ 779 777 773 766
(n..Hg)

ili Ill If ill I III I i I Ill

°F _ oF °C °F 'C oF 'C
., ,,,, iiiii ii lUll II i I i i iiilI

InMalBogngPokt 97 36 135.5 57.5 406.2 209.0 474 246

5% nlcOVmld 172 78 177.8 81.0 426.6 218.7 rl07' 264

10%_ 200 93 190.7 88.2 428.1 220.1 S18 270

20% rocovInld 268 131 205.8 96.8 438.0 222.8 632 278

30% _ 167 220.4 104.7 4137.7 226.4 641

40% recovem:l 198 235.7 113.2 442.7 228.2 649 287

50%_ 430 221 253.4 123.0 448..1 g31._ rdlt 204

60%mcovlrld 4m 243 275.3 135.2 484.4 234.7 673' 301

70%nlcovlmd 507 264 297.8 147.7 461.6 238.7 686 308

80% recovered 539 282 317.4 158.8 479.4 243.8 408 317

90% _ 589 309 336.0 168.9 478.9 248.3 624 329

95% recovered 334 344.8 173.8 486.8 252.7 1137 336

EndPoint 803 428 359.2 181.8 507.9 264.4 666 352

Recovery,% 100.0 100.0 99.5 --

Residue,% 0.0 0.0 0.0 --

Loss,% 0.0 0.0 0.4 --
IlIll II IIIIII I I II I I I I Ill

, Simulateddistillationresu#sbyASTM0 5307sincetheO86 clk_llMionwastermkmedat 82 mLclue
tosrno_g.

aD 86 distillationresub.

SimulateddistUla_nresultsbyASTMD 2887sincetheD 86dlmJllalionwastenninmodat IBP
(,_- _ duetosrnok_.
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Table IV. - ASTM D 2382 Heat of Combustion Results

Gro_ HemofCombustion NetHeatof Contlxmtion
o125"C at26" C

i i i m

smm et.nb M,Vk0 8t.r
ii i, i lllll i i ,i ii i i

IBP- 380"F 46.014 19,782 43.052 18,509

380- 510"F 44.174 18,991 41.676 17,918

510- 650"F 44.004 18,918 41.591 17,881

IBP- 380"F 46.304 19,907 43.382 18,651
Nter mshing

380 - 510"F 44.446 19,108 41.968 18,043
Nter_

i
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APPF.,NDIX A

DISTILLATION DATA
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ASTM D 2892 Distillation

Crude Oil Propert/es:
API Gravity @ 60° F = 35.2 Density @ 60° F = 0.8486 f,/cc

Expected IBP = 66° F Measured IBP -- 38° F

Sarnia Charge Weight=- 42.02 Ibs Amt. Recoveredffi 41.52 Ibs

Fraction Weisht (Ibs) Weisht % API t@60F Density ($/cc)
C4 0.41 1.0 n.d.* n.d.*
IBP-380 F 16.71 40.2 n.d.* n.d.*
380-510 F 13.86 33.4 27.5 0.8899
510-638 F 9.35 22.5 21.9 0.9223
638+ 1.10 2.7 13.3 0.9773
Trap 0.09 0.2 n.d.** n.d.**

* n. d. = not determined. Drager 190 H2S monitor gave readings of
50 ppm for the C4 fraction and 200+ ppm for the IBP-380 F cut.

** The trap contained Water/oil, and the liquid was discarded.

Distillation Conditions:
Er.ltfAJ_ Tempfrature (F) Reflux Ratio Pressure from H_)

Head
IPB-380 F 380 480 5:1 750
380-510 F 362 417 2:1 80
5I0-638 F 440 577 2:1 40
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ASTM D 5_7 Simulated Distillation Crude Method

Name CONSOL COAL LIQUID 227-75 Page I
Instrument HP5880 8

_naluszs Date : Tue Mar" 23, 199 _ ._:48:._0 pm
Run Status : RunStatusOK

EndOf 4:BaseIine

-,IMDIS Status : CurveExtended

SIMDISStetusOK

_esult File : /RESULT/D94E/CRUDE'5880'805.RES
Compensated File: IRESULT/D94E/CRUDE'5880'C'805.RES
Parameter File : /SD/PARAMETER/D94E/'CR UDE°5880.SPAR

File : /SD/DATA/O94E/CRUDE'5880805.SDAT
F:eport Format : /FORM_T/D94E/CRUDE'5880.FMT

Calibration Data : /SD/DATA/D94E/CRUDE'5880800.SDAT
Result File: /RESULT/O94E/CRUDE'5880'801.RES

,._el a. ,,_m..,w ,m ea 1,mm a,l.J .m ,,,=,m ,mlee -m ,nl.,Dm o o i i i e

S_andard Stert Time 16.56 Standard End Time 20.98
Standard Wezght .1172 Sample We:ght ,7004

t:Jeiqht Fraction of Internal Standard .14]13;
Theoretical Area 57474704

66 Deg F 19 Deg C

_OFF OegF DegC 9;OFF DegF DeaC _OFF OegF DegC _OFF DegF DogC

1 97 36 26 308 153 .R1 43_ 223 76 522 225
2 1_0 55 27 ._13 156 52 4_7 225 77 5_0 277
3 152 66 28 320 160 5_ 4_1 227 78 5_ 278
4 163 73 29 _29 165 54 446 2._0 79 5_6 280
5 172 78 30 333 167 55 450 2_;2 80 5_9 282
6 181 83 31 _;_8 1.90 56 45_ 2_4 81 54J • 284
7 182 84 32 343 173 5;_ 456 2_6 82 546 286
8 184 84 ._3 _9 1.96 58 461 2_8 8J 550 288
9 194 90 34 354 179 59 466 241 84" 555 291

10 200 94 ._5 _59 182 60 469 24_ 85 561 294
11 210 99 _6 36_ 185 61 474 245 86 566 29_-- e7 _71 _0012 212 100 37 3;I 189 62 478 248

21, 100 38 37F3 192 6, 482 250 88_ 576 _02i_ 214 101 39 _83 195 64 485 252 581 _0_
I._ 216 102 40 388 198 6._ 488 25_ 90 589 _09
16 2-_2 111 41 393 200 66 491 255 91 596 _1_
I.." '24_ 118 42 39._ 202 67 495 25_ 92 60_ _I_
18 2.=i 122 _ _98 203 68 499 260 9_ 612 _22
19 2._9 126 4_ 403 20_ 69 50_ 262 94 62_ _28
20 '2o8 i._I 4_ 408 209 .90 50_ 264 95 6_ _3,.$
'_!_ 270 132 46 412 211 _1 510 266 96 648 _42
'_ 274 134 4? 41_ 21.x 72 514 268 97 66_ _51
'2._ 288 1_2 48 41 a 215 7_ 517 2_0 98 687 _64
24 29.m 146 49 42_ 218 74 _20 271 99 734 _90
2._ 702 1._0 50 430 221 7_ 524 27_

.90_ Oeq F _28 De 9 C

Fercent Re_z_ue 0.000_
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60. 00_

47.33 _

34. 68

++
"

CRUDE"58110'C'B05 -3.
....... _.._-_,_,te, to.on t_.oo L,o.oo _s.oo _o.oo 3_.+o 4o.oo

SAMPLE: CONSOL COAL LIQUID 227-75

ANALYZED:Tue HaP 23, J993 3:4B:.50 pm
RESLILI: /RESULT/DQ4E/Cr-ttlDE'58BO'C'805.liES _Tt_D: NCRUDE'5880



ASTM D 2887 Report $10-638 ° F Distillate

SRMPL[X93GL342-3 BOTTL[Ot3

SRHPL[R IHJtCTZOH e 14t39 RPR 19, 1993

OFF _ F _ OFF =[G F
_al_aNmNIm _m

I_I if,If • I

ZBP _'P4
1 4t4 51 562
2 _)2 52 564
3 498 53 545
4 503 54 566
5 SO? 55 56?
6 51e 56 569
? 512 57 578
8 5i4 58 571
9 517 59 572

Lo 5_8 60 573
L1 520 61 575
12 521 62 5?6
13 523 63 577
14 524 64 5?8
_5 526 65 _9
L6 $27 66 58|
_? 528 67 SIl
18 529 68 583
19 531 69 584
20 532 70 SIS
21 533 71 587
22 534 72 589
23 535 73 590
24 536 74 592
25 536 75 594
26 537 76 596
27 538 77 598
28 539 78 599
29 54e 79 601
38 541 80 603
31 542 81 604
32 542 82 6|6
33 543 83 608
34 544 84 610
35 545 85 612
36 546 86 614
37 546 87 616
38 547 88 619
39 548 89 621
40 549 90 624
41 _58 91 626
+2 551 92 628
43 552 93 631
44 553 94 633
45 554 95 637
• 6 555 96 641
47 557 97 646
Ae _58 98 651
49 56e 24 99 658
50 _61 FBP 666

..... ,,.r



OVR.H TR.MP NOT R&FIDY

...............RT# Si.iCF-S e.2_

,3VE_ _T L!HIT

ASTM D 2887 CHROMATOGRAM

Sample: 93GL342-3
CONSOL COAL LIQUID 227-75, 510-638"F Distillate

_': :ST?.::'I_N 25



APPENDIX B

DETAILED GAS CHROMATOGRAPHIC ANALYSIS DATA (PIANO)
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WsM._ Z_L_m:e_ozlfe_-eleumaa4_lt_mwmh

OeU.t_,e411ydromudMmXwLl.Xm_a(P.Z.A.W.O.)

r£1e: C:\CP\DA_Al\041593CO.02R Antlyzed: 04-15-1993 13:14:07
S_ie: Consol Repo:ted: 04-28-1993 10:18:55
Hethod: ICUT3PIAN DK_DlJsee File: _-xzpn.Dsr
Processed 244 Peaks Nozma_ized to lO0.OOt
93GL342
IBP-380'F

Compos£te Report
Totals by Group Type &Ca=bon N_er
(An Weight Percent)

Paraff£ns: Z-paraff£ns: Azomat_cs: Naphthenesl Ole_An_: Total:

C1: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
¢3: 0.001 0.000 0.000 0.000 0.000 0.001
C4: 0.219 0.010 0.000 0.000 0.002 0.231
C5: 2.235 0.634 0.000 1.189 0.056 4.114
C6: 3.160 0.973 0.104 11.815 1.459 17.511
¢?: 2.4?4 2.379 0.492 13.542 0.224 19.112
C8: 3.048 3.895 1.176 9.092 0.551 17.743
C9: 1.547 2.111 3.219 4.578 0.764 12.239
C10: 1.726 6.352 3.919 4.252 1.100 17.350
Cl1: 1.224 2.146 1.059 1.993 0.15T 6.579
C12: 0.056 0.146 0.133 0.559 0.022 0.916
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 15.712 18.647 10.101 47.021 4.334 95.815

Oxygenates: 0.000 Total C14+z 0.000 Total Unknowns: 4.105
Grand Total: 100.000

Molecular We£ght and Speci_£c Gravity Data

Group: Ave. )t,_.: Ave+ Re1. Dens£ty:
C1: 0.000 0.000
C2: 0.000 0.000
C3: 44.097 0.501
C4: 58.110 0.578
C5: 71.526 0.G56
C6: 84.576 0.734
C7: 98.525 0.745
C8: 112.504 0.752
C9: 125.082 0.780

el0: 139.500 0.774
Cl1: 154.181 0.778
C12: 165.812 0.800
C13: 0.000 0.000

Total Sample: 104.161 0.722
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It_Lmm:L :raumlul,_utm£'or I_f.t-eJ.mm and _ i_mmmb

De_a.tZ,4 X,_ Jma_yLtJ ( P.Z._.X.O. )

File; ¢:\CP\DATAl\041593CO,02R Analyzed: 04-15-1993 13:14:07
$ampAe; Consol Repo=_od; 04-20-1993 10:18: 55
Vet:hod; t_3P_ DK_ DBase r:Lie; _-HZPBR.DBF
Processed 244 Peaks No_nalized to 100.00t
93GL342
ZBP-380' r

composite P_Jpo_
Totals by Group Type i Carbon Humber
(in Volune Percent)

Paraff£ns: Z-paraffins: 7u:ouatLcs: Naphthenes: Olefins: To1:81:
Cl: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0,000 0,000 0.000 0.000
C3: 0.001 0.000 0.000 0.000 0. 000 0. 001
C4: 0.286 0,013 0.000 0,000 0.002 0.301
C5: 2.690 0,771 0.000 1.202 0.063 4.727
C8; 3.812 1.105 0.089 11,553 1,610 17.9411
C7: 2.727 2.616 0,428 13.315 0,234 19.321
¢8: 3.2"70 4.143 1.019 8,831 0,543 17.806
C9: 1.646 2,208 2.781 4,400 0.788 11,823
C10: 1,782 6.543 3.402 3.991 1,182 16.900
Cll; 1.240 2.189 0. 915 1.878 0.157 6.373
C12: 0.054 0,146 0.112 0,527 0.022 0.843
C13: 0.000 0.000 0.000 0.000 0.000 0.000
?o1=a1:17.310 19.731 8.748 45.897 4,801 96.085

Oxygenates: 0.000 Tot:81 C14+: 0.000 Tott:al OnknoumJ: 3.915
Grand Tol:al: 100.000

(in Hole Percent) I
Paraffins: z-paraffins: AJ:onatics: Naphl:henes: 01eftn:: Total:

C1: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.002 0.000 0.000 0.000 0.000 0.002
C4: 0.410 0.018 0.000 0.000 0.003 0.431
C5: 3,367 0.956 0.000 1.843 0,087 6.253
C6: 3.986 1.228 0.145 15.261 1.888 22.508
C7: 2.684 2.581 0.581 14,993 0.248 21.087
C8; 2.901 3.707 1.204 8.808 0.544 17,164
C9: 1.328 1.789 2.911 3.942 0,668 10.837
C10; 1.319 4.853 3.175 3.296 0.070 13.520
C11: 0.851 1.492 0.780 1,405 0.110 4,639
C12: 0.036 0.093 0.089 0.369 0.014 0.601
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 16.886 16.718 8.884 49.915 4.438 96.843

Oxygenates: 0.000 Total C14+: 0.000 Total Unknowns: 3.157
Grand Total: 100.000
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Nat.Lonal ZsuJtrj.t_ut_efor Petza.olmm and IneZqly am_

DetuU.led _ Analys_s ( P.Z.A.W.O. )

File: C:\CP\DATAt\041593CO.02R Anslyzed: 04-15-1993 13:14:07

Smle_ Consol Reported: 04-28-1993 10:18:55Hethod: IC0T3PI.AN DHA Dkse rile: RZ-XZPn.DU
P=ocessed 244 Peaks Nozmalized Co 100.00t
93GL342
IBP-380' F

Boiling Point DisC=ibuCion Data

WC. hrcenC Off: Vol. Pe:cenC Off:
deg.C.: deg.f.: deg.C.: deq.F.:

iBP (0.St) 2?.84 82.11 2?.84 82.11
5.0t 58.60 137.48 49.25 120.65

10.0t 71.80 161.24 68.?3 155.71
15.0t 80.72 177.30 80.72 177.30
20.Or 80.72 177.30 80.?2 177.30
25.0t 91.85 197.33 91.72 197.10
30.Or 100.93 213.67 90.42 209.16
35.0t 100.93 213.67 100.93 213.67
40.0t 103.47 218.25 100.93 213.67
45.0t 118.93 246.07 110.54 245.37
50.0t 125.68 258.22 125.68 258.22
55.0t 130.96 267.73 130.96 267.73
60.or 140.50 284.90 136.20 277.16
GS.Ot 150.82 303.48 144.43 291.97
70.or 160.41 320.?4 154.79 310.62
75.0t 162.01 323.62 161.20 322.16
80.0t 171.30 340.34 171.30 340.34
85.0t 174.15 345.47 174.15 345.47
90.0t 182.01 359.62 181.14 358.05
95.0t 189.52 373.14 189.52 373.14

FBP (99.5t) > 216.30 421.34 213.40 416.12

Resea:ch Octane Numbe: - 74.81
(Calculated f:om Individual Component Values)

Conc:ibution to Total by:
Paraffins: 5.65
Iso-pa=afflns: 14.01
AcomaCics: 9.75
Naphthenes: 38.14
Oleflns: 3.77
Oxygenates: 0.00
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N&_.tonLL Zna_.ttu_ _o= Petroleum and _ ae_

Oe_Ltled _ ana£ys£s ( _. Z.A.N.O. )

File: C:\CP\DATAl\041593CO.02R Analyzed: 04-15-1993 13:14:07
Sample: Consol Rope=ted: 04-28-1993 10: 18:55
Method: tCUT3PL_N DHA DBaso File: RI-NIPER.DBF
Processed 244 Peaks Normalized to 100.00%
93GL342 COMPONENT KEY:
IBP-380'F ? - Unknown, I - Isoparaffln

N - Naphthene, O - 01efln
A - Aromatic

Components Listed in Chromatographic Order

Min. INDEX Cos_onenC Wet Volt Molt
6. 493 300.5 Propane 0.001 0.001 0.002
6.940 360.2 i-Butane O. 010 0.013 0.018
7.220 389.4 Butene-1 O. 002 0.002 0.003
7.333 400.0 n-Butane 0.219 0.286 0.410
8.793 472.7 i-Pentane O. 634 0.771 0.956
9.213 487.9 Pentene-1 0.008 0.009 0.012
9.427 494.9 2-MeChylbutene-1 O. 006 0.007 0.009
9.587 500.0 n-Pentane 2.235 2.690 3.367
9. 867 507.3 t-Pentene-2 O. 019 0.022 0.029

10.187 515.1 c-Pentene-2 O. 009 0.010 O. 014
10.373 519.4 2-MeChylbutene-2 O. 008 0.010 0.013
12.080 552.8 Cyclopentene 0.006 0.005 0.009
12.247 555.6 4-MeChylpentene-1 O. 004 0.004 0.005
12.340 557.2 3-MeChylpentene-1 O. 006 0.007 0.008
12.720 563.2 Cyclopent:ane 1.189 1.202 1.843
12.800 564.4 2, 3-DimeChylbutane 0.119 0.136 0.150
13. 060 568.3 4-MeChyl-t:-penCene-2 1.255 1.404 1.621
14.087 582.6 3-MeChylpentane 0.854 0.969 1.078
14.473 587.5 2-Methylpencene-1 O. 006 0.007 0.008
14.560 588.6 Hexene-1 0.009 0.010 0.011
15. 527 600.0 n-Hexane 3.160 3. 612 3.906
15. 980 605.2 t-Hexene-2 O. 025 0.028 0.033
16.200 607.6 2-MeChylpencene-2 O. 015 0.016 0.019
16.393 609.7 3-Hethylcyclopentene O. 008 0.008 0.011
16.507 610.9 3-Mothyl-c-penCene-2 O. 005 0.005 0.006
16.927 615.3 c-Hexene-2 0.005 0.005 0.006
17. 567 521.7 3-MeChyl-C-penCene-2 O. 013 0.014 0.017
18.273 628.4 Met:hylcyclopent:ane 2.998 3.018 3.872
18.720 632.4 2,4-Dimet:hylpent:ane 0.052 0.058 0.056
20.273 645.4 3, 4-Dimet:hylpentene-1 0.007 0.008 0.008
21. 107 651.9 1-MeChylcyclopenCene 0.014 0. 013 0.018
21.287 653.2 Benzene 0.104 0.089 0.145
21. 740 656.6 2-MeChyl-c-hexene-3 0.009 0. 010 0.010
21.907 657.8 3,3-DimeChylpenCane 0.015 0.016 0.016
22.380 661.1 Cyclohexane 8.817 8.535 11.388
23.780 670.5 2-MeChylhexane 0.776 0.862 0.842
23.987 671.8 2,3-Dimethylpentane 0.226 0.245 0.245
24.360 674.2 1,1-DimeChylcyclopentane 0.056 0.056 0.062
24.713 676.3 Cyclohexene 0.095 0.088 0.125
25.067 678.5 3-Methylhexane I.162 I.274 I.260
25.973 683.8 lc,3-Dimethylcyclopentane 0.464 0.469 0.513
26.400 686.3 it,3-Dimethylcyclopentane 0.446 0.451 0.494
26.647 687.6 3-Ethyipencane 0.149 0.161 0.161
26.827 688.6 lt,2-DimechylcyclopenCane 0.724 0.726 0.801
28.433 697.2 c-Hepcene-3 0.013 0.014 0.015
28.673 698.4 c-Heptene-3 0.027 0.029 0.030
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28.987 700.0 n-Heptane 2.474 2.727 2.684
29.840 705.9 t-HepCene-2 0.033 0.035 0.037
30.580 710.9 O13 0.012 0.013 0.013

31.187 714! 1 c-H_pCene-2 0.008 0.009 0.009

31.327 715 : 2,3 Dimethylpentene-2 0.009 0.009 0.010
31.600 717 6 3-EChylcyclopentene 0.007 0.007 0.008
32.160 721 Methylcyclohexane 10.837 10.615 11.998
32.753 724.8 2,2-Dimethylhexane 0.057 0.062 0.055
34.273 733.8 gthylcyclopentane 1.015 0.998 1.124
34.600 735.7 2,2,3-TEimethylpentane 0.059 0.063 0.057
34.913 737.5 2,4-Dimethylhexane 0.152 0.164 0.145
35.153 738.9 O17 0.014 0.015 0.016
35.853 742.7 lc,2t,4-Trimethylcyclopentane 0.214 0.211 0.207
37.160 749.8 lt,2c,3-TrimethylcyclopenCane 0.183 0.179 0.177
37.873 753.5 2,3,4-TrimethylpenCane 0.016 0.017 0.015
38.540 756.9 Toluene 0.492 0.428 0.581
39.720 762.8 2,3-Dimethylhexane 0.146 0.154 0.139
39.927 763.8 1,1,2--Tzimethylcyclopentane 0.067 0.065 0.065
40.353 765.8 025 0.083 0.085 0.092
40.913 768.5 2-Me_hylheptane 0.644 0.695 0.613
41.187 769.8 4-Methylheptane 0.303 0.324 0.289
41.460 771.0 3-Methyl-3°ethylpentane 0.036 0.038 0.035
41.927 773.2 lc,2c,4-TrimethylcyclopenCane 0.093 0.092 0.090
42.373 775.2 3-MeChylheptane 0.482 0.514 0.458
42.553 776.0 3-E_J1ylhexane 1.999 2.111 1.903
42.920 777.7 lC,4-OimeChylcyclohexane 0.484 0.478 0.469

44.027 782 _ 1,1-DimeChylcyclohexane 0.051 0.049 0.04944.860 786 2,2,5-TrimerJlylhexane 0.359 0.382 0.304
45.327 788.1 lc,3-EthylmoChylcyclopentane 0.332 0.326 0.321
45.587 789.2 OcCene-1 0.551 0.543 0.544
46.020 791.0 1,1-MeChyleChylcyclopenCane 0.029 0.028 0.028
46.647 793.5 lt,2-DimeChylcyclohexane 0.817 0.793 0.791
47.940 798.7 lc,2c,3-TrimethylcyclopenCane 0.036 0.035 0.035
48.273 800.0 n-Octane 3.048 3.270 2.901
49.600 807.2 I1 0.020 0.021 0.017
49.967 809.2 i-Propylcyclopentane 0.131 0.127 0.126
51.553 817.5 N1 0.011 0.011 0.011
52.667 823.2 2,3,4-TrimeChylhexane 0.185 0.189 0.157
53.147 825.6 N2 0.021 0.020 0.020
54.227 830.9 ic,2-Dimethylcyclohexane 0.547 0.518 0.530
55.013 834.7 2,4-Dimethylheptane 0.011 0.012 0.009
55.647 837.7 n-Propylcyclopentane 5.901 5.728 5.716
56.147 840.1 lc,3c,5-Trimethylcyclohexane 0.240 0.235 0.206
56.480 841.7 2-Methyl-4-ethylhexane 0.052 0.054 0.044
56..973 843.9 l,l,3-Trimethylcyclohexane 0.238 0.233 0.205
57..560 846.6 1,1,4-Trimethylcyclohexane 0.023 0.023 0.020
57.747 847.5 3,3-Dimethylheptane 0.087 0.090 0.073
58.260 849.8 2,5-Dimethylheptane 0.065 0.068 0.055
58.567 851.2 N5 0.072 0.070 0.070
58.953 852.9 N6 0.064 0.061 0.062
59.873 857.0 N8 0.043 0.042 0.042

60.200 858.4 Ethylbenzene 0.282 0.245 0.289
60.540 859.8 lc,2t,4t-Trimethylcyclohexane 0.294 0.284 0.254
60.953 861.6 2-Methyloctene-1 0.106 0.117 0.094
61.387 863.5 N8 0.060 0.058 0.052
62.120 866.6 m-Xylene 0.231 0.201 0.236
62.347 867.5 p-Xylene 0.235 0.206 0.241
62.960 870.1 2,3-Dimethylheptane 0.166 0.173 0.141
63.267 871.3 N10 0.054 0.0=2 0.046
63.387 871.8 4-E_hylhepcane 0.119 0.125 0.101
63.507 872.3 ? 0.066 0.069 0.056
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64.013 874.4 4oMethyloctane 0.232 0.243 0.197
64.240 875.3 2-Methyloctane 0.261 0.275 0.221
64.680 877.1 3-Ethylheptane 0.074 0.076 0.062
65.227 879.3 ? 0.221 0.229 0.187
65.520 880.4 3-Methyloctane 0.441 0.461 0.374
65.807 881.5 3,3-Diethylpentane 0.039 0.039 0.033
66.073 882.6 1,1,2-Trimechylcyclohexane 0.056 0.053 0.048
66.500 884.3 o-Xylene 0.428 0.367 0.439
67.513 888.2 N12 0.363 0.351 0.312
67.693 888.9 N13 1.329 1.284 1.145
68.113 890.5 t-2-Methyloctene-3 0.375 0.362 0.323
68.620 892.4 Nonene-1 0.102 0.112 0.088
68.893 893.4 i-Butylcyclopentane 0.175 0.169 0.151
69.960 897.4 c-Nonene-3 0.037 0.041 0.033
70.327 898.7 2,3-Dimethylheptene-2 0.089 0.099 0.080
70.680 900.0 n-Nonane 1.567 1.646 1.328
71.087 903.2 3,7-Dimethyloctene-1 1.100 1.182 0.878
71.600 907.2 N18 0.217 0.207 0.187
72.460 913.8 c-Nonene-2 0.055 0.057 0.049
72.867 916.9 N20 0.321 0.306 0.276
73.247 919.8 i-Propylcyclohexane 0.526 0.494 0.453
73.667 923.0 Ill 0.103 0.107 0.079
73.933 925.0 2,2-Dimethyloctane 0.084 0.088 0.064
74.193 926.9 N21 0.050 0.048 0.043
74.667 930.4 N22 0.267 0.254 0.230
75.013 933.0 2,6-Dimethyloctane 3.075 3.185 2.349
75.680 937.9 n-Butylcyclopentane 0.365 0.350 0.314
75.907 939.5 I13 0.082 0.084 0.062
76.240 942.0 I14 0.039 0.041 0.030
76.407 943.2 3,3-Dimethyloctane 0.375 0.382 0.286
76.773 945.8 N24 0.037 0.035 0.029
76.887 946.6 ? 0.068 0.064 0.053
77.173 948.7 n-Propylb_nzene 0.164 0.143 0.148
77.300 949.6 3,6-Dime_hyloctane 0.139 0.143 0.107
77.473 950.8 3-M@thyl-5-ethylheptane 0.145 0.150 0.111
77.647 952.1 ? 0.071 0.074 0.054
77.887 953.8 ? 0.090 0.093 0.069
78.407 957.4 1-Me_hyl-3-ethylbenzene 1.280 1.116 1.158
78.653 959.2 1-Methyl-4-ethylbenzene 0.228 0.199 0.206
79.073 962.1 2,3-Dime_byloctane 0.190 0.194 0.145
79.340 963.9 1,3,5-Trimethylbenzene 0.028 0.024 0.025
79.467 964.8 I15 0.278 0.284 0.213
79.727 966.6 N27 0.080 0.075 0.062
79.933 968.0 I16 0.063 0.064 0.048
80.033 968.7 I17 0.116 0.118 0.089
80.247 970.2 5-Methylnonane 0.221 0.227 0.169
80.567 972.4 2-Methylnonane 0.206 0.214 0.157
80.667 973.1 1-Methyl-2-ethylbenzene 0.148 0.127 0.134
80.953 975.0 3-Ethyloctane 0.074 0.076 0.057
81.067 975.8 N28 0.030 0.028 0.023
81.353 977.7 3-Methylnonane 0.467 0.480 0.357
81.733 980.3 N29 0.131 0.123 0.101
82.093 982.7 118 0.055 0.056 0.042
82.613 986.2 1,2,4-Trimethylbenzene 0.905 0.778 0.818
82.720 986.9 t-Bu_ylcyclohexane 2.640 2.477 2.046
82.960 988.5 i-Butylcyclohexane 0.602 0.570 0.467
83.200 990.1 I21 0.166 0.169 0.127
83.507 992.1 I22 0.227 0.231 0.173
84.020 995.4 I24/2,3-Dimethyloctene-2 0.247 0.251 0.189
84.213 996.7 lt-Methyl-2-n-propylcyclohexan 0.250 0.236 0.194
84.480 998.4 i-Bu_ylbenzene 0.049 0.043 0.040
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84.607 999.3 sec-Butylbenzene 0.262 0.229 0.212
84.720 1000.0 n-Decane 1.726 1.782 1.319
85.147 1004.3 I26 0.171 0.174 0.119
85.240 1005.2 ? 0.227 0.231 0.158
85.440 1007.2 N31 0.630 0.594 0.444
85.800 1010.8 1,2,3-Trimethylbenzene 0.466 0.393 0.422
86.267 1015.5 1-Methyl-4-i-propylbenzene 0.496 0.436 0.402
86.953 1022.2 I28 0.080 0.082 0.056
87.053 1023.2 I29 0.383 0.390 0.267

87.393 1026.5 sec-Butylcyclohexane 0.483 0.447 0.374
87.673 1029.3 ? 0.029 0.027 0.023
87.967 1032.1 3-Ethylnonane 0.082 0.083 0.057
88.167 1034.1 ?_5_ 1.104 1.118 0.768
88.573 1038.0 I31 0.242 0.247 0.168
88.887 1041.0 1,3-Diethylbenzene 1.000 0.872 0.810
89.067 1042.7 1-Methyl-3-n-propylbenzene 0.242 0.212 0.196
89.187 1043.9 ? 0.475 0.416 0.385

89.513 1047.0 1,4-Diethylbenzene 0.258 0.225 0.209
89.713 1048.9 ? 0.251 0.219 0.203

89.907 1050.7 n-Butylbenzene 0.226 0.198 0.183
90.187 1053.4 1,2-Diethylhenzene 0.072 0.062 0.058
90.433 1055.7 N34 0.457 0.431 0.322
90.600 1057.3 N35 0.906 0.853 0.638

90.853 1059.7 1-Methyl-2-n-propylbenzene 0.400 0.345 0.324
91.067 1061.7 I35 0.139 0.142 0.097
91.293 1063.8 I36 0.074 0.076 0.052
91.393 1064.7 I37 0.105 0.107 0.073
91.760 1068.1 I38 0.519 0.529 0.361
91.907 1069.5 1,4,Dime_yl-2-ethylbenzene 0.139 0.119 0.112
92.107 1071.3 s-CSBz / 1,3-DM-4-EtBz 0.125 0.110 0.092
92.200 1072.2 ? 0.193 0.169 0.141
92.413 1074.1 ? 0.142 0.125 0.104
92.713 1076.9 1,2-Dimethyl-4-ethylbenzene 0.554 0.477 0.448
93.020 1079.7 I41 0.058 0.059 0.040
93.347 1082.7 1,3-Dimethyl-2-ethylbenzene 0.015 0.012 0.012
93.520 1084.3 ? 0.009 0.007 0.007
93.660 1085.5 I42 0.026 0.026 0.018
93.813 1086.9 I43 0.266 0.271 0.185
94.220 1090.6 Undecene-1 0.157 0.157 0.110

94.427 1092.5 l-Methyl-4-t-butylbenzene 0.363 0.322 0.266
94. 813 1095.9 1,2-DimetJ1yl-3-ethylbenzene 0.136 0.115 0.110
95.113 1098.6 ? 0.247 0.209 0.200
95.267 1100.0 n-Undecane 1.224 1.240 0.851
95.640 1104.3 ? 0.065 0.066 0.045
95.900 1107.2 1,2,4,5-Tetramethylbenzene 0.006 0.005 0.005
96.327 1112.0 1,2,3,5-Tetramethylbenzene 0.022 0.018 0.018
96.560 1114.7 ? 0.202 0.171 0.163
96.887 1118.3 ? 0.108 0.092 0.088
97.027 1119.9 ? 0.122 0.104 0.099
97. 373 1123.8 1-t-Butyl-2-methylhenzene 0.020 0.017 0.015
97.893 1129.6 ? 0.028 0.023 0.020
98.053 1131.3 ? 0.240 0.203 0.176
98.167 1132.6 ? 0.118 0.100 0.086
98.360 1134.7 I43 0.044 0.044 0.028

98.713 1138.6 1-Ethyl-2-n-propylbenzene 0.245 0.207 0.179
98.893 1140.6 2-Methylindan 0.040 0.034 0.033
99.020 1142.0 l-Methyl-3-n-butylbenzene 0.230 0.194 0.168
99.393 1146.1 1,3-Di-i-propylbenzene 0.122 0.103 0.082
99.600 1148.3 s-Pentylbenzene 0.012 0.010 0.009
99.873 1151.3 n-Pentylbenzene 0.024 0.020 0.018
100.027 1153.0 lt-M-2-(4-MP)cyclopentane 0.559 0.527 0.369
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100.487 1158.0 ? 0.016 0.015 0.010
100.767 1161.0 ? 0.026 0.025 0.017
100.953 1163.0 ? 0.023 0.022 0.015
101.333 1167.1 1,2,3e4-Tet=ahydronaphthalene 0.031 0.024 0.025
101.780 1171.8 Naphthalene 0.012 0.009 0.010
101.953 1173.7 I44 0.019 0.019 0.012
102.247 1176.8 I45 0.017 0.017 0.011
102.613 1180.7 Z46 0.043 0.043 0.027
102.793 1182.6 ? 0.013 0.013 0.008
103.200 1186.9 Z48 0.023 0.023 0.015
103.533 1190.3 Dodecene-1 0.022 0.022 0.014
103.960 1194.8 ? 0.014 0.014 0.009
104.460 1200.0 n-Dodecane 0.056 0.056 0.036
105.140 1208.5 ? 0.018 0.018 0.012
105.853 1217.3 lt-Butyl-4-e_hylbenzene 0.011 0.009 0.007
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NeUronal Zns_Ltute for petroleum and Bnozq_ lemmzah

neU£1ed t_t_aazbeu anallm£s ( P. 3:.A.N.o. )

File: C:\CP\DA_Al\042893CO.02R Analyzed: 04-28-1993 13:02:42
Sample: 93GL342 Reported" 04-29-1993 10:56:59
Method: !COT3PZ_q DHA DBase File: RZ-NIPER.DBF
Processed 216 Peaks Noz=alized to 100.00%
CONSOL
IBP-380'F after Washing

Composite Report
Totals by Gzoup Type & Carbon Number
(in Weight Percent)

Paraffins: I-paraffins: Aromatics: Naphthenes: 01efins: Total:

Cl: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.000 0.000 0.000 0.000 0.000 0.000
C4: 0.027 0.000 0.000 0.000 0.002 0.029
C5: l. 068 0.237 0.000 0.771 0.000 2.077
C6: 2.505 0.732 0.090 11.730 1.035 16.092
C7: 2.396 2.244 0.442 14.764 0.286 20.133
C8: 3.079 3.869 1.445 9.368 0.568 18.330
C9: 1.666 2.175 3.431 4.749 0.73"7 12.758
C10: 1.858 6.823 4.045 4.563 1.165 18.454
Cl1: 1.300 2.107 0.979 3.275 0.164 7.825
C12: 0.065 0.091 0.114 0.633 0.030 0.932
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 13.964 18.279 10.546 49.853 3.988 96.629

Ox3_enates: 0.000 Total C14+: 0.000 Total Unknowns: 3.371
Grand Total: 100.000

Molecular Weight and Specific Gravity Data

Group: Ave. Mw.: Ave. Re1. Density:
C1: 0.000 0.000
C2: 0.000 0.000
C3: 0.000 0.000
C4: 57.996 0.580
C5: 71.389 0.665
C6: 84.510 0.741
C7: 98.498 0.747
C8: 112.399 0.754
C9: 125.058 0.781
C10: 139.555 0.773
C11: 154.333 0.780
C12: 165.627 0.800
C13: 0.000 0.000

Total Sample: 107.088 0.734
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Na_tonaZ Zus_Ltutm £or i_t.-olemm and _ ]m_

nQtaJ£ed S_Lz_mzkon anaZp_s ( P. X.&.m.O. )

File: C:\CP\DA?Al\042893CO.02R Analyzed: 04-28-1993 13:02:42
Sample: 93GL342 Repoz_ced: 04-29-1993 10:56:59
HeChod: !CUT3PIAN DHA DBaso File: RI-NIPER.DBF
P=oceased 216 Peaks Nozmalized to 100.00%
CONSOL
ZSP-380'F after Washing

Composite Report
TotaZ8 by Group Type &Ca=bon Number
(in Volume Percent)

Pataff£ns: I-paraff£ns: Azomatics: Naphthenes: Olef_sa: Total:
Cl: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.000 0.000 0.000 0. 000 0.000 0.000
C4: 0 • 036 0.000 0.000 0.000 0.002 0.038
C5: 1.296 0.291 0.000 0.786 0.000 2.373
C6: 2.88G 0.837 0.078 11.546 1.148 16.496
C7: 2.GG3 2.488 0.388 14.630 0.299 20.468
C8: 3.330 4.149 1.2G4 9.174 0.565 18.481
C9: 1.764 2.295 2.988 4. 602 0.760 12.409
CIO: 1.934 ?. 083 3.543 4.317 1.263 18.140
Cl1: 1.328 2.163 0.856 3.110 0.166 ?. 623
C12: 0.065 0.092 0.09? 0.601 0.030 0.885
C13: 0.000 0.000 0.000 0.000 0.000 0.000
ToCact: 15.302 19.398 9.213 48.768 4.233 96.914

Oxygenates: 0.000 Total C14+: 0.000 Total Unknowns: 3.086
Grand Total: 100.000

(in Mole Percent)
Pa=affins: l-paraff£ns: AromaCLcs: NaphChenes: Oleflns: Total:

C1: 0.000 0.000 0. 000 0.000 0.000 0 • 000
C2: 0. 000 0.000 0. 000 0.000 0.000 0 • 000
C3: 0. 000 0.000 0. 000 0.000 0.000 0.000
C4: 0.052 0.000 0.000 0.000 0.004 0.056
C5: 1.641 0.365 0.000 1.218 0.000 3.224
C6: 3.221 0.941 0.128 15.446 1.366 21.103
C7: 2.650 2.482 0.532 16.663 0.324 22.652
C8: 2.987 3.754 1.509 9.252 0.572 18.073
C9: 1.439 1.880 3.163 4.169 0.654 11.306
C10: 1.447 5.314 3.341 3.605 0.948 14.655
Cll: 0.922 1.494 0.733 2.352 0.118 5.619
C12: 0.042 0.059 0.078 0.425 0.020 O. 624
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 14.402 16.288 9.483 53.132 4.006 97.310

Oxygenates: 0. 000 Total C14+: 0. 000 Total Unknowns: 2.690
Grand Total: 100.000
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NaLt.onal Zns_.ttute for l_etuml_ and _ Remm..-ah

nets,tied I,_lnaazbon aaa.t3ra:l,s ( i,. Z.a,.X.O. )

F:Lle: C:\CP\DATJU.\042893CO.02R Analyzed: 04-28-1993 13802:42
Sample: 93GL342 Repo:Ced: 04-29-1993 10:56:59
Net:hodz tCUT3P:LAH DI,_ DBase File: RI-NZPER.DBF
Processed 216 Peaks Normalized Co 100.00t
CONSOL
IBP-380'F aft:st Washing

Boiling Point DisCribuCion DaCa

NO. Percent Off: Vol. Percent Off:
dog. C. : deg. F. : dog. C. : dog. It. :

rBp (O.5t) 36.06 96.91 36.06 96.91
5.0% 68.73 155.71 68.73 155.71

10.0t 80.72 177.30 80.72 177.30
15.0t 80.72 177.30 80.72 177.30
20.0% 91.72 197.10 90.05 194.09
25.0t 100.93 213.67 98.42 209.16
30.0% 100.93 213.67 100.93 213 • 67
35.0% 100.93 213. G7 100.93 213.67
40.0t 117. G5 243.77 113.73 236.71
45.0t 124.09 255.3G 121.53 250.75
50.0% 130.96 267.73 125. G8 258.22
55.0% 130.96 267.73 130.96 267.73
60 • 0% 144 • 43 291.97 143.00 289.40
G5• 0% 150.82 303 • 48 150.82 303 • 48
70.0% 160.41 320.74 160.41 320.74
75.0% 166.50 331.70 164.34 327.81
80.0% 171.30 340.34 171.30 340.34
85•0% 176.12 349.02 174.15 345.47
90.0% 182.01 359 • G2 181.14 358.05
95.0% 189.52 373.14 189.52 373.14

FBP (99.5%) 205.40 401.72 205.40 401.72

Research Octane Number - 75.21
(Calculated from Individual Component Values)

Contribution Co Total by:
Paraffins: 4.85
Iso-paraffins: 13.69
Aromatics: i0.27
Naphthenes: 40.21
Olefins: 3.49
Oxygenat:es : 0o00
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Kst_L_ _L_uta for Ipem_ and _ llwmJmmh

neta_ed ayds_mzb_ aaa_Sm_8 ( P.Z.A.W.O. )

Files Cs\CP\DATAl\042893¢O.02R Analyzedz 04-28-1993 13102s42
Sample: 93_42 Repoz'ced: 04-29-1993 10:54859
M.e_.hod: ICUT3PZAN DHA DBeIo rile: IRZ-NZPER.DBF
P:ooessed 216 Peaks No_ized Co 100.00%
¢ONSOL COMPONI3TKEY:
IBP-380'F afCez Washing ? - Unknown, I - Isoparaffin

N - NaphChene, 0 - 01efin

Components I.taCed in ChzomaCographic Order A - Aromatic

)fl.n. INDEX ¢os_onenC tft:% Volt It(eli
7.247 392.0 Butt:erie-1 0.002 0.002 0.004 i
7.333 400.0 n-Butane 0.027 O. 036 0.052
8.780 472.5 :L-Pent:erie 0.237 O. 291 0.365
9.573 500.0 n-hncane 1.068 1.296 1.641

12.687 563.2 CyclopenCane 0.771 O. 786 1.2i8
12.767 564.4 2,3-D:i.meChy.l.but:ane 0.077 0.088 0.099
13.033 568.4 4-HeChyl-t:-penCene-2 0.910 !. 026 1.198
14.053 582.7 3-MeChylpent:ane 0.655 0.749 0.842
14.547 589.0 Hexene--1 0.022 O. 024 0.029
15.480 (S00.0 n-nexane 2.505 2.886 3.222
17.940 625.8 2,2-DJJneChylpent:ane 0.008 0.009 0.009
18.220 628.4 HoChylcy(:lopenCane 2.497 2.534 3.288
18 • 660 632.4 2, ---4DtJneChylpenCane 0.054 0.060 0.059
21.033 651.8 1-Met:hylcyclopenCene 0.013 0.013 0.018
21.233 653.3 Benzene 0.090 0.078 0.128
22.333 661.2 ¢yclohexane 9.233 9.012 12.158
23 • 707 670.5 2-MeChylhexane 0.735 0.823 0.813
23.913 671.8 2,--3 D/uit:hylpenCane 0.213 0.233 0.236
24 • 293 674.2 1,1-DLumChylcyclopent:ane 0.060 0.060 0.06"7
24 • 640 676.3 ¢yclohexene 0.090 0.085 0.122
24.993 678.5 3-HoChylhexane 1.094 1.23.0 1.210
25.900 683.8 lc, 3-DimeChylcyclopenCane 0.448 0.45"/ 0.506
26.327 686.3 11:, 3-DimeChylcyclopenCane 0.436 0.445 0.492
26.573 687.6 3-EChylpenCane 0.3.40 0.3.52 0.155
26.753 688.6 lt:,2--DimmChylcyclopent:ane 0.708 0.73.6 0../99
27 • 227 691.2 ? 0.019 0.020 0.022
27.440 692.4 1, 5-Hept:adiene 0.021 0.022 0.025
2"7.640 693.5 03.2 0.026 0.029 0.030
27.840 694.5 ? 0.017 O. 03.8 0.03.9
28.020 695.5 3-Net:hyl-c-hexene-3 0.03.9 O. 020 0.021
28. 907 700.0 n-Hept:ane 2.396 2.663 2.650
31.020 "714.4 c-Hept:ene-2 0.023 0.025 O. 026
31.233 715.7 2, 3-D:LmeChylpenCene-2 0.021 O. 02]. 0.023
32.107 '721.3 Met:hylcyclohexane 12.082 11.932 13.63'7
32.673 724.8 2,2-DinmChylhexane 0.047 0.053. 0.045
33.127 727.5 O14 0.023 0.024 0.026
33. 340 728.8 O15 0.03.7 0.017 0.03.9
34.213 733.9 Et:hylcyc].openCane 1.030 1.023. 3.. 162
34.520 735.7 2,2, 3-T3::Lmet:hylpenCane 0.102 0.109 0.099
34. 847 73"7.6 2, 4-Dimet:hylhexane 0.158 0.171 0.3.53
35.060 738.8 O17 0.012 0.013 0.03.4
35.780 742.8 lc, 2t:, 4-Tr:LmeChylcyclopent:ane 0.206 0.205 0.203
37.107 749.9 lC,2c,3-TcimeChylcyclopent:ane 0.193 0.191 0.191
38.473 756.9 Toluene 0.442 0.388 0.532
39.660 762.8 2,3-Dimet:hylhexane 0.144 0.153 0.139
39.873 763.9 I,1,2-TrimeChylcyclopenCane 0.072 0.073. 0.071
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40.300 765.9 025 0.124 0.128 0.140
40.847 768.5 2-Nethylheptane 0.640 0.697 0.621

- 0.256 0.2480.27t41.127 769.8 4 I(eChylheptane
41.840 773.1 lc,2c,4"-T=tmethylcyclopentane 0.093 0.092 0.091

42.300 775 _ 3_Methylheptsne 0.515 0.554 0.4992.008 2.138 1.94842.440 775_ 3 lthylhexane
42.847 777.7 lt,4-Dtmelt:bylcyclohexane 0.492 0.490 0.486

43.967 782 6 1,1-D_tmeChylcyclohexane 0.054 0.052 0.053
44.780 786_. 2,2,5--T=_thylhexane 0.370 0.397 0.32045.247 788.0 lc,3 EChyl=mchylcyciopentane 0.339 0.336 0.335
45.513 789.1 Octene-1 0.568 0.565 0.572
45.940 790.9 1,1-Nethylethylcyclopentane 0.034 0.033 0.034
46.560 793.4 lt,2--DLmothyicyclohexano 0.892 0.874 0.881
47.880 798.7 lc,2c,3--?=_thyicyclopentane 0.026 0.026 0.026
48.213 800.0 n-Octane 3.079 3.330 2.987
49.893 809.1 £-Propylcyclopentane 0.135 0.132 0.134
51.487 817.5 N1 0.008 0.008 0.008
52.593 823.1 2,3,4-T=:Lmoth¥1hexane 0.169 0.173 0.146
53.073 825.5 N2 0.017 0.016 0.027

54.147 830!_9 lc,2-DJJoChylcyolohexane_.--___ 0.576 0.549 0.569

54. 960 834 _ 2, 4 DLmor.hylheptsne 0.023 0.024 0.019
55.567 837 n-P=opylcyclopentane 6.097 5.967 4.021
55.073 840 10,30,5 TrJjmChylcyclohexsne 0.217 0.214 0.191
se.,7 7 2-,, yl 4 , ylh,n, 0.031 0.os= 0.0=7
56.913 843 1,1, 3 TrLmothylcyclohexane 0.235 0.231 0.206
57.700 847.5 3,3-DJJmChylheptane 0.065 0.068 0.056
58.220 849.8 2, 5-DLaethylheptane 0.055 0.059 0.048
58.493 851.0 N5 0.089 0.087 0.088
58.827 852.5 N6 0.008 0.008 0.008
58.893 852.8 ? 0.058 0.056 0.057
59.807 856.8 N8 0.038 0.037 0.038
60.167 858.4 Ethylbenzene 0.291 0.255 0.304
60.513 859.9 lc,2t,4t-TrLnmthylcyclohexane 0.293 0.285 0.257
60.913 861.6 2-HeChyloctone-1 0.108 0.120 0.098
61.367 863.5 N8 0.072 0.070 0.063
62.087 866.6 m-Xylene 0.268 0.235 0.279
62.320 867.5 p-Xylene 0.409 0.361 0.427
62.940 870.1 2,3-D_ueChylhepCane 0.279 0.292 0.241
63.360 871.8 N10 0.252 0.246 0.222
63.493 872.4 ? 0.111 0.108 0.097
63.987 874.4 4-MeChylocCsne 0.273 0.288 0.236
64.213 875.3 2-MeChylocCane 0.298 0.317 0.258
64.653 877.1 3-EthylhepCane 0.092 0.097 0.080
65.207 879.3 ? 0.244 0.255 0.211
65.500 880.4 3-MeChylocCane 0.476 0.502 0.411
65.767 881.5 3,3-DieChylpencane 0.044 0.045 0.038
66.053 882.6 1,1,2-T:J.mechylcyclohexane 0_061 0.058 0.053
66.493 884.3 o-Xylene 0.477 0.412 0.498
67.507 888.2 N12 0.399 0.389 0.350
67.680 888.9 N13 1.373 1.337 1.205
68.093 890.5 C-2-MeChylocCene-3 0.392 0.381 0.344
68.600 892.4 Nonene-1 0.062 0.091 0.072
68.867 893.4 £-DuCylcyclopenCane 0.060 0.058 0.052
70.307 898.7 c-Nonene-3 0.090 0.100 0.082
70.667 900.0 n-Nonane 1.666 1.764 1.439
71.080 903.2 3,7-DimeChylocCene-1 1.165 1.263 0.948
71.593 907.2 N18 0.230 0.222 0.202
72.447 913.8 c-Nonene-2 0.065 0.067 0.059
72.847 916.9 N20 0.337 0.324 0.296
73.227 919.7 i-Propylcyclohexane 0.551 0.522 0.484
73.653 923.0 Zll 0.094 0.090 0.073
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?3.92? 925.0 2,2-DJ_nethyloctane 0.048 0.071 0.053
?4.660 930.5 H22 0.281 0.2?0 0.246
?4.993 932.9 2,6-DLuml_yloctane 3.228 3.340 2.506
?5. i867 837.9 n'lJuty!cyclopentJne 0.388 0.376 0.341
?5.893 939.5 1:13 0.071 0.073 0.055
76.220 941.9 1:14 0.041 0.043 0.032
76.40? 943.2 3 t 3-DLmethylootane 0.390 0.409 0.310
?4.767 945.8 H24 0.037 0.034 0.030
74.84? 944.6 ? 0.072 0.048 0.057
77.167 948. ? n-]Propylbenzene 0.203 0.179 0.188
7?. 447 950.8 3-Hethyl-S-ethylheptane 0.139 0.145 0.108
??. 653 952.2 ? 0.055 0.058 0.043
77.893 953.9 ? 0.035 0.034 0.02T
78.393 957.4 1-Hethyl-3-ethylbenzene 1.348 1.185 1.243

0.243 0 214 0.22478.447 959.2 1 HetJtyl-4-ethylbenzene
?9.067 962.1 2,3--DJJnethyloctane 0.202 0.209 0.158
79.460 964.8 215 0.332 0.341 0.258
79.713 966.4 )127 0.087 0.083 0.069
79.933 948.1 2:16 0.072 0.074 0.054
80.027 948.8 217 0.125 0.128 0.097
80.240 970.2 5-Hethylnonane 0.247 0.254 0.192

80.547 972.5 2- --Hethyl_onane 0.254 0.265 0.191
80.653 973 0 1-_Hel:byl 2-e_hylbenzene 0.212 0.183 0.19680.953 975_, 3--Bt_ylo_ane 0.224 0.230 0.174
81.207 976.8 If28 0.031 0.029 0.025
81.353 9?7.8 3-Xethylnonane 0.580 0.601 O. 452
81.733 980.4 N29 0.166 0.158 0.131
82.093 982.8 1:18 0.054 0.056 0.042
82. 613 986.2 1, 2, 4-T::Lmothy]_enzene 0.926 0.804 0.854
82. T13 986.9 t-Butylcyclohexane 2.830 2.67T 2.236
82. 953 988.5 --2IJutylcyclohexane 0.641 0.612 0. S0S
83.193 990.1 ]:21 0.190 0.195 0.148
83.507 992.1 122 0.259 0.266 0.202
84. 013 995.5 1:24/2, 3-D:Lmethyloctene-2 0.255 0.262 0.198
84.213 996.8 lt-Hothyl-2-n-p=opylcyclohexan 0.252 0.239 0.199
84.473 998.4 £- --Butylbenzene 0.046 0.041 0.038
84.607 999.3 sec-Sutylbenzene 0.242 0.213 0.200
84.713 1000.0 n-Decsne 1.858 1.934 1.447
85.147 1004.4 2:26 0.185 0.190 0.131
85.233 1005.2 ? 0.247 0.253 0.173
85.44? 1007.4 H31 0.685 0.650 0.492
85.813 1011.0 1.2, 3-TrJ_uethylbenzene 0.498 0.423 0.459
86.267 1015.5 l"Hethyl--4 £-p=opylbenzene 0.528 0.468 0.436
87.053 1023.3 1:29 0.351 0.360 0.249
8?. 407 1026.7 sec-Butylcyclohexane 0.518 0.484 0.409
87.680 1029.4 ? 0.02T 0.025 0.021
8?. 967 1032.2 3-Ethylnonane 0.094 0.096 0.067
88.167 1034.1 H33 1.185 1.126 0.851
88.580 1038.1 131 0.262 0.269 0.186
88.887 1041.1 1,3-Diethylbenzene 1.049 0.940 0.882
89.06T 1042.8 1- -HeChyl 3-n-p:opylbenzene 0.259 0.229 0.214
89.18T 1043.9 ? 0.516 0.455 0.426
89.513 1047.0 1,4-DieChylbenzene 0.269 0.237 0.222
89.T13 1048.9 ? 0.252 0.222 0.208
89. 900 1050.T n-Butylbenzene 0.210 0. 185 0.173
90.20T 1053.6 1, 2-D_eChylbenzene O.OF6 0.057 0.054
90.433 1055.T H34 0.4'T3 0.449 0.340
90. GOT 105"7.4 H35 0.932 0.885 0.6"70
90. 853 1059.T 1-Hethyl-2-n-propylbenzene 0.411 0.358 0.339
91.073 1061.T 2:35 0.135 0.139 0.093
91.293 1063.8 ]:36 0.07T 0.0T9 0.054
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91.393 1064.7 Z37 0.106 0.10B 0.075
91.753 1068.1 I38 0.549 0.544 0.389
91.907 1049.5 1,4,DimmChyZ-2-et:_tylbenzene 0.152 0.132 0.126
92.100 1071.3 s-CSllz / 1,3-1Ri"4-Ztllz 0.150 0.133 0.112
92.200 1072.2 ? 0.190 0.141 0.142
92.427 1074.3 ? 0.158 0.139 0.118
92.720 1077.0 1,2-Dtmot:hyl-4-eChylbenzene 0.591 0.514 0.488
93.033 1079.8 Z41 0.071 0.073 0.0Sl
93.213 1081.5 ? 0.016 0.017 0.01!
93.527 1084.3 ? 0.012 0.012 0.008
93.660 1085.4 I42 0.02t 0.027 0.018
93.820 1087.0 Z43 0.250 0.256 0.177
94.227 1090.7 Undeeene-1 0.144 0.166 0.1!8
94.433 1092.5 1-Netr.hyl-4-t:-but:ylbenzene 0.38t 0.345 0.288
94.827 1096.1 1,------2DtmeChyl 3 eClsylbenzene 0.143 0.122 0.118
95.120 1098.7 ? 0.267 0.227 0.220
95.247 1100.0 n-Undecane 1.300 1.328 0.922
95.633 1104.2 ? 0.073 0.075 0.052
95.907 1107.3 1,2,4,5-Tet=alothyJ.benzene 0.009 0.008 0.007
96.327 1112.0 1,2,3,5-Tet:nmeChylbenzene 0.024 0.021 0.020
9|.540 1114.6 ? 0.213 0.182 0.176
94.913 1118.4 ? 0.114 0.099 0.0t6
97.027 1119.9 ? 0.144 0.123 0.119
97.367 1123.7 1-t=-IluCyl-2-met:bylbenzene 0.038 0.033 0.029
97.893 1129.5 ? 0.035 0.030 0.026
98.053 1131.3 ? 0.252 0.215 0.189
98.167 1132.6 ? 0.102 0.087 0.076
98.373 1134.8 ]:43 0.021 0.021 0.014
98.707 1138.5 1-Bt:h¥1-2-n-p=opylbenzene 0.162 0.130 0.121. ,oo114o.6 oo, o o.ols
99.027 1142.0 1-1----)lethyl.3_n bul:ylbenzene 0.191 0.163 0.143
99.387 1146.0 lo.3-DJ. I propylbenzene 0.097 0.083 0.06699.607 1148.4 s-Penl:ylbenzene 0.009 0.008 0.00'7
99.900 1151.5 n-PenCylbenzene 0.0219 0.022 0.020

100.033 1153.0 lt:- ;--M--2 (4 HP)cyclopenCane 0.633 0.601 0.425
100.480 1157.8 ? 0.036 0.034 0.024
100.76'7 1140.9 ? O. 034 0.034 0.024
100.953 1162.9 ? 0.022 0.021 0.015
101.340 1167.1 1,2, 3, 4-TeCrahydronaphChalene 0.017 0.013 0.014
101.800 1172.0 Napht:halene 0.009 0.007 0.008
101.960 1173.7 I44 0.013 0.014 0.009
102.633 1180.8 Z46 0.039 0.039 0.025
103.207 1186.8 I48 0.018 0.018 0.012
103.533 1190.2 Dodecene-1 0.030 0.030 0.020
103.960 1194.7 ? 0.017 0.017 0.011
104.473 1200.0 n-Oodecane 0.065 0.065 0.042
105.147 1208.4 ? 0.030 0.030 0.019
105.887 1217.6 lt:-BuCyl-4-eChylbenzene 0.017 0.014 0.011
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APPENDIX C

HC22 MASS SPECTROMETRIC DATA
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04Ji]B._

ZZ': mlSImlt_ Dlslrl"_'m
liAYZQIIM, ZWrl'Z'L'O_ _ _ JUtDBNNt_ AIIgB_C:II

P.O. _ 2128, _, Cl 7400|

XU| |IqL'C':ItCN_mX kMICmATW_r

22-cammnu_ IrzDnocJuulcil _ JulAz,lrll]:j

¢=:_s c:_llor, w:m b_7_. 1108 10t761
p.o. No.

_8 04263B. 4/24/93. IIC22 _8Z8 Or CQNSOL380-1i10 Dig F DZIIT
&_ _T| VJt01t8(:M18 i8, 19, 20

8ATURAT]_ &VB LV t 8DIW &VB !_ t
e(W)|(2ll+2) P_| 9.4 0,4 8.2 0,3
C(N)II(21I) JIQIIOCTQLOPARAJTZII| 19.4 0,2 17.8 0.2
C(N)N(2II-2) DZGTC_eCNNUUtITnLIJ 2008 0.| 20.7 O.S
C(11)11(2N-4) 'L'ILTI_rC_,OP&B&/'/_I 8.7 0.2 g.2 0.2
e(N)U(2N-4) 5_TtUt__,II/T_I 0,0 0,0 0.0 0.0
e(n)u(:m-a) c:muusra 0.o o.o o.o o.o
O(11)11(211-10) _C_OnAWI_S 0.0 0.0 0.0 0.0
C(Jl)ll(:tX-1;t) l_'SS_aI_AIIT1388 0.0 0.0 0.0 0.0

_ SS.S 0.7 SS.9 0.8

C(l)i(2X-i) _r _r_ mm_' 10.2 0.2 10.0 0.2
c(W)U(2X-O) mSO_ZCLOPaJULFrZWS 19.4 0.8 20.9 0.8
c(x)a(:tx-lo) msaoz_r_p_u_r:xs 4.9 0,3 s.a 0.3

DZaJUNIATZCS
G(N)N(2N-12) _ 7.0 0.2 8.0 0.2
G(N)N(211-14) 0.0 0.0 0.0 0.0
C(N)N(2N-!4) 0.0 0.0 0.0 0.0

21tZ3]tmlATZCS
C(N)B(2m-18) 0.0 0.0 0.0 0.0
C(W)H(2N-22) 0.0 0.0 0.0 0.0

2rzL_ONATZCS
C(N)H(2N-24) 0.0 0.0 0.0 0.0
C(N)H(2N-28) 0.0 0.0 0.0 0.0

TOTAZ, AItQNATZCS 41.4 0.7 44.0 0.7

SOZ,,"IJltCONlq)m_S
C(H)H(2N-4)| THZOPH]DIZ8 0.0 0.0 0.0 0.0
¢(N)H(2H-10)8 BIIDISO1'HZOlql:ll_JI 0.0 0.0 0.0 0.0
C(N)H(2N-16)S DZKEIIZOTHIOPlDRiES 0.0 0.0 0.0 0.0
C(H)H(2N-22)$ NAPHTHOnINzOTHZOP_S 0.0 0.0 0.0 0.0

TOTAL 2_ZOPH_ZC COMPOUNDS 0.0 0.0 0.0 0.0

¢ONTZ_D OH PAG2 2
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04213|.XZAI

_ZIDI'Ts C081tlGL NZMDt ACCT. NOs 1106761
P.O. NO.

8JUNIIq,Zs 042fl311. 4/28/93. EC22 N_M,YIIZ8 Or CX311_L 380-510 DBG F DZST
Alrll]_ RIIIOZ,TII _ IICANII 18, 19, 20

_ZIIOATXOll ]rltoN PAGI l s

&_ IDlY
CA]iUK_ ItOXU]t 12.9 ---
NOMI_J_ WBXGRT 177.2 ---

AItALYIIZ8:
t 8DlY

¢ 87.6 0.0
E 12.4 0.0

21GOlmmZc i 0.0 0.0

II-D-II (:MUIml 277E_

AltmlATXC 21.4 0.4
43.6 0.1

PAIUmrZIGC 3S. 0 0.3

1
II-D--N ItlllG 2"ZlSt

NO. 8D]W
Altml_ZC 0. S 0.0

1.2 0.0

IIOTit 11Z8 _ DBTIDU_DI/dl LZ8':_ CCUPQOND'1'T_8 Zll _ZC BI'DItOCAJU_I
/'Nk_Z_18 IW_TII AYlDUt_ CADUIC_IIONIUDUI_ 12 JUID34 (BOZL,TNG_
3|0 TO 10S0 DIG It) AND BA_ MiSS 21[]UI S NOL t _K)2_ Or C:GiIPQOIIDIIc:oirl_tz_NG
OZ3rGIDI, llZ21tOG_, AND _.

1Data calc_ fi'omthe averagemolecularweight andHC22 resultsfor compsriscn withn-d-M

analysisresults. The truen-d-Mmethod(ASTMD 3238) calculatesthe values basedonrefi'active

index (n),density (d), and averase molecularweightdata.
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04303G.XL4

ZZY ItllUUt_ ZlU_X2qJ2S
NATZON_ XlllffX21;211lrOIt _ /UIO _ ItIl_

]P.O. BOX 2228, __, OK 7400S

NAIl IIrI_m_ITiY _UI_aR1f

II_ IYD_OC_mIOM _ IIIII

C_:BNTs ¢ONSOL NZlrlflt ACCT. NOs 104761
P.O. NO.

SANPLBs 043030. 4/30/93. BC_2 ANAL. Or C_I8OL 380-S10 CAOBTZCWABHRD
AVIDULGIIII_II FI ICAW8 16, 17, 18

IA_;ItA114 AVi LY t IDlY AVl ff t IDlY
C(X) n (2X+2) PAIULWZilI 9.1 0.7 7.8 0.4
e(w)_(2m) NIO_CLOP_I 19.6 O.S 18.0 0.I
C(W)I(2l-2) :ZC_rCLOPAIULITZWI 20.3 0.3 20.2 0.3
¢(N)E(2N-4) TILTC"Z__I 9.1 0.4 I.I 0.4
C(X)I(33-S) :lrZ_J=Yc_oPAIUUrfZ_I 0.0 0.0 0.0 0.0
C (N) I ( 2X-8 ) iqarL_n/c_opa_drf zNI o. o o. o o. o o. o
c(w)s(2X-lO) _xAcrc_oPAmtnzxi o.o o.o o.o o.o
¢(N)I(21-12) HB]SrACYCLOPAPJU_r1W8 0.0 0.0 0.0 0.0

TO2_ 8ATORATBI SI.1 0.8 IS.4 0.8

NOHOARGi_TZC_
C(N)a ( 2m-6 ) .IT.u_mn__ a 9 • 8 0 • 2 9. S 0.2
C(N) H(2H-8) BBNIOCYCZ_PARA/TZWI 20.2 0. t 21.8 0. t
G(N)H(2N-IO) BRNSCOZCTCLOPAIUL/TZN8 4.7 0.4 1.1 0.4

D_TZ¢8
C(N)H(2W-12) mHTHALBNBI 7,1 0.4 8,0 0.4
C(N)E(2N-14) 0.0 0.0 0.O 0.0
¢(M)H(2N-16) O.O O.O 0.0 0.0

21_ARC)NATZCS
C(N)H(2_-18) 0.0 0.0 0.0 0.0
C(N)H(2N-22) 0.0 0.0 0.0 0.0

_TZC8
C(N)E(2H-24) 0.0 0.0 0.0 0.0
C(N)H(2N-28) 0.0 0.0 0.0 0.0

/_Y_AL ARONATZC8 41.9 0. T 44. S 0.8

S_ _UND8
¢ (N)H (2N-4 ) I THZOPH]_TB8 O. 0 0 • O 0 • 0 0 • 0
C (N) H (2N- 10 ) I BINIOTHZOPHBNBI 0.0 0 • 0 0 •0 0 • 0
C(N)H(2N-16)I DZI12iIQ21[ZO1q[E_S 0.0 0.0 0.0 0.0
C(N)H(2N-22)S NAPHTHOBIHSOTHZOPH]DGES 0.0 0.0 0.0 0.0

TOTAL THZOPI_NZC CON]POUNDS 0.0 0.0 0 • 0 0.0

CONTZNUlm ON PAG2 2
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04303C.XT.S

CLIENT: COHSOL NZPERACCT. NO: B06761
P.O. NO.

SAMPLE: 04303C. 4/30/93. HC22 ANAL. OF CONSOL 380-$10 CAU8TZC WASEBD
AVIDULGE RESULTS FRON SCANS 16, 17, 18

CONTINUATION FROM PAGE 1:

AVG SDEV

CARBOII NUMBER 12.9 ---
NOLECOL&R HEIGBT 177.2 ---

ANALTSI8:

HT • SD_r
C 87.7 0.1

B 12.3 0.1
2_zo_m_zc s o.o o.o

!
N-D-N CMUIQH _TJ_JI:

_'T 8D_
ARmlATZC 21.7 0. S

IIA]mTBZ_IC 43.9 0. S
1)_C 34. S 0. S

!
II-D--N RZIIG TYPE:

llO. 8D/W
ARONATZC 0. S 0.0

_IC 1.2 0.0

NOTE: THIS _ DEI'ERMIBE8 LISTED C_(PO0_D TTL_8 IN NONOL]_I31IC RI'DROCARBOB

FRACTIONS WITB AVIDUkGB CARBOIt IrGHB/D%SBETtGDDI 12 AND 36 (BOILING RANGE 1_tON
3SO 20 10SO DEG F) AND BAVZNG LESS 21Ddl S _ t _ OF CCII1_DlmS OOlI22kZNZIIG
OZTG]_, NZ_]DI, AND 8OZ,lq_,

t Data cakulaled from the average molecular weight and HC22 n_'ults for compmism with n-d-M

analysis results. The true n-d-M method (AS'I'M D 3238) calculates the values based on refractive

index (n), density (d), and average molecular weight data.
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04263C.ZL8

I

ZZT _ ZNSTZ_
N&TZOKIt,L ZNSTZTOTI _ _ AND BNIDtGY IUI_

P.O. BOX 2128, _LLZ, OK 7400S

ms SPBC'L'ltmI'2'JLY L,MmRM'mtY

22-COi(IS_alUIT H,/DROO.AR/IQm7TL_ ;mJU,YSZ8

CL_: CONSOL NI]Plm ACCT. NOt B06761
P.O. NO.

SANPLZ: 04263C. 4/26/g3. H(:22 ANAL_[SZS OF CONSOL $10-638 DIP_ F DZST
AVZRAGB ]_SULTS lrJwN SCANS 19, 20, 21

S32gRATES &VB LV • 8D]W AVll 11_ • SDIW
C(X)H(21i+2) P_ZNS 10.1 0.2 8.4 0.2
C(N)H(2N) NOIIOCYCLOPARA_118 11.2 0.S 9.9 0.4
C(N)H(2N-2) DZCTCLOP&]tA/T_S 9.9 0.4 9.3 0.4
C(N) H ( 2N-4 ) TRZ_CZ_P_8 9.6 0.1 9.6 0 • 1
C(N)H(2N-6) Tli22qACr(:LOPARA/TZNS 7.2 0.5 7.2 0.S
C(N) a ( 2N-8 ) IqflITACY(:Z,OPLqAFIFZIfS 0.0 0.0 0 • 0 0.0
C(N)H(2N-10) EBZ]kCYCLOPARA/IFZll8 0.0 0.0 0.O 0.0
C(N) H (2N-12) _(=Z_I:ARA]r]rZNS 0.0 0.0 0.0 0.0

8A_211S 47.9 0.2 44.4 0.2

NOIIOJt&01mTZCS
C(II)H(2B-6) _ZBll]I8 3.S 0.2 3.2 0.2
C(N)H(2B-8) OIIZOC'ZCZ_PARAIT]:XS 10.6 0.1 10.7 0.1
¢(N)H(2N-10) BJDIKODZCYCI_I=_ZN8 12.7 0.2 12.9 0.2

D_TZCS
C(N)H(2N-12 ) _S 9.3 0.2 9.9 0.2
C(N)H(2N-14) 8.3 0.2 9.5 0.2
C(II)H(2N-16) 7.4 0.0 8.8 0.1

2]tZJt]tOi_TZC8
C(N)H(2N-18) 0.0 0.0 0.0 0.1
C(N)H(2N-22) 0.0 0.0 0.0 0.0

_TZCS
C(N)H(2N-24) 0.0 0.0 0.0 0.0
C(N)H(2N-28) 0.0 0.0 0.0 0.0

TOTAL AROMATICS 51.8 0.2 $5.1 0.2

SULFUR COKPOUNDS

C(N) H ( 2N-4 ) S THZOPI_.HI_S 0.0 0.0 0.0 0.0
C(N)H(2N-10)S 8_NZOTHZOP_S 0.3 0.1 0.4 0.1
C(N)H(2N-1G)S DzBLqsoTHzO_S 0.0 0.0 0.0 0.0
C(N)H(2N-22) S NAIDH'I'HOB_ ZO'I_ ]:OPI'IEI_8 0.0 0.0 0.0 0.0

TOTAL THZOPHZNZC COMPOUNDS 0.3 0.1 0.4 0.1

CONTZNUED ON PAGE 2
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04263C.XL8

CLIENT" CONSOL NZP]_ ACCT. NOs B06751
P.O. NO.

SAKPLB- 04263C. 4/26/93. Hr.22 AHALYSZSOF CONSOL 510-638 DBG F DIST
AVIi_X IUISULTS !IU)N SCANS19, 20, 21

COMTZK_.T%ON_ PAOli 1:

&VG 8D/W
CAIUION_ 15.3 ---
NOZAI_ IlliZGIrL' 210.6 ---

IDADIWAI_T,ANALTSZS:
I_ t 8D/W

C 88.3 0.0
H 11.6 0.0

TRzoPmmzc s o.1 o.o

1
N-D...M _ _:

PCT 8DK'V
a,_ONATZC 25.7 0.2

NA.lmTImlZ¢ 41.3 0.3
PARA_]UIZC 31.9 0 •2

1
M-D-N RI3NG TTI_s

NO. 8DK'V
AJmMATZ¢ 0.8 0.0

NAPBTBmIZC 1.2 0.0

NOTS: THIS D"I'SOD DFL'12HIllI8 LISTED _ T'fl_S Ill _11%C
FRACTZOM8;fZTH AVBRAGBCARBONNONDBRS_ 12 AND 36 (BOZLZNGRANGBFltON
350 2'0 1050 DBG F) AND IIAVlllG LICSSTHAN S MOLt 'L'O21LT,OF OCii]_O]ED8CCn_LTWJDIG
OX'ZG_, MZTIU:G/DI, AND StF,,Ftm.

l Data calculated fromthe averagcmolecularweightandHC22 resultsfor comparisonwithn-d-M

analysisresults. Thetruen-d-Mmethod(ASTMD 3238) calculatesthe valuesbasedon refractive

index (n), density(d), andaveragemolecularweight data.
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APPENDIX D

J-FTOT THERMAL STABILITY DATA
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JFTOTtest of sampte¢. 93GL342, 380-510F and93GL342-5

Test procedure:ASTM03241, "StandardTest Methodfor ThermalStabilityof Aviation
TurbineFuels(JFTOTProcedure)"

The test conditionswere those listedin Paragraph4.5.2.1.1 of
MIL-T-5624P,"MilitarySpecification,TurbineFuel,Aviation,GradesJP-4, JP-5,
andjP-5/JP-8ST".

Test Condltton¢ Heater tube temperature: 260"C (500T)
Fuelsystempressure: 3.45 MPa (500 psig)
Fuelflowrate: 3.0 mL/minuta
Test duration: 150 minutes

The requirementsfor jet fuelare:
Maximumheater tube ratingis lessthan code 3 (faint brown

stain).
Heatertube showsneitherpeacocknor abnomul depos_
Maximumpressuredropacrosstest filter is 25 mmmercury.

Test result¢

Both samplesfailedthe JFTOTthermalstabilitytest bya wide rnargi_

Sample: 93GL342, 380-510"F:

Heater tube ratin_. > • 4 (heavy blackdeposit)

Filterpressuredrop: 0.0 mm

Sample: 93GL342-5

Heater tube ratin; 4P (P - peacockcolors)

Filterpressuredrop: • 125 mm

(Filter pressuredrop reached25 mmat about 100
minutes. Thepressuredrop reached125 mmat
136 minutes;,bypassvalvewasopenedandtest
wascontinuedto 150 minutes.)
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1. EXEC_IVE SUMMARY

CONSOLinc. is conducting a programto aid in the advancementof direct coal liquefaction

process development undercontractfrom the U.S. Departmentof Energy (Contract

DE-AC22-89PC89883). In this program, a number of research laboratories, including the

liT Research Institute, National Institutefor Petroleum and Energy Research (NIPER), are

analyzing direct coal liquefaction-derivedmaterialsundersubcontractfrom CONSOL.
I

NIPER recently investigated the propertiesof a syntheticcrude oil producedby HILl, Inc. in

CatalyticMulti-Stage Liquefaction(CMSL) Run-2. The results of that investigation are

presented in this report.

The main objective of HRI's Run CMSL-2, also cailed Run 227-78, was to investigate the

effect of a high coal concentrationon process performance. In this continuous two-stage

liquefactionrun the higher coal concentrationin the coal-solvent slurrieswas accomplished

by lowering the solvent-to-coal ratio from 1.2 (to as high as 1.6) used in previous

bench-scale runs, to a value of 0.9 in CMSL-2. The feed coal was Illinois No. 6, Burning

Star2, bituminouscoal. ThroughoutRun CMSL-2 the first- and second-stage reactors were

operated catalytically; Shell S-317 Ni/Mo on aluminacatalyst was present in both reactors.

No on-line hydrotreaterwas used in the run. The net product sample analyzed in this

subcontractwas produced by compositinga total of 10, one-haif gallon sample aliquots

obtainedduringperiods 8 through 12 of the run from the SeparatorOverhead process stream

and the Atmospheric Still Overheadprocess stream.

The composite coai-derived syntheticcrude was distilled by ASTM Method D 2892 in a

preliminaryrun to produce an IBP-180" F distillate (2.8 weight percent), a 180-350" F

distillate (19.6 weight percent), and a 350-400" F distillate (7.9 weight percent). A

subsequentlarge scale distillationby a slightly modified ASTM D 2892 procedurewas made

in an attemptto produce a sufficient quantityof the 350-400" F distillate for testing. This

distillation produced an IBP-350" F distillate (25. I weight percent), a 350-400" F distillate

(5.6 weight percent), a 400-550" F distillate (35.2 weight percent), and a > 550" F residue

1
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(34.1 weightpercent). Lossesamountedto only0.62 weightpercent. A portionof the

350-400" F distillate cut was subjected to a caustic wash procedure to remove phenolic

compounds (I. I weight percent)and produce an additionalfraction. The total sample, the

three distillate fractions, the redd, and the caustic washed fraction were characterizedby a

total of approximately 130 chemical and physical propertytests using ASTM, UOP, and

other standardand published methods developed for petroleum and petroleumproducts.

The coal liquid product quality was briefly assessed by comparisonof the physical and

chemical property test data for the appropriatefraction against the specifications for

gasolines, aviation turbinefuels, diesel fuels or fuel oils. However, it should be noted that

these specifications apply to finished fuels which are normallycomprised of blends of various

refinery streamsalong with additives and thus do not even apply strictly to straightrun

petroleum distillates, let alone coal liquid distillates.

TheIBP-180"F and 180-350"F fractionsfromthepreliminarydistillationweretestedfor

specificgravity(APIgravitywascalculated).Unlessotherwisenoted,allsubsequenttests

wererunon thedistillatefractionsfromthelargescalemodifiedD 2892distillation.

TheIBP-350"F distillatefractionfailedthecorrosionandoctanetests,andexceededthe

maximum temperatureforthe50% pointinthedistillationspecificationtest.However,the

190-380"F portionofa petroleumcrudeisnormallyprocessedbycatalyticreformingbefore

blendingintogasoline.Thiscoalliquiddistillatemay needfurtherprocessingtoremove

olefinsbeforebecomingsuitableforreforming.

The350-400'F distillatefractionpassedmanyofthespecificationtestsforaviationturbine

fuelsalthoughsomeimportantspecificationtestsincludingaromaticcontent,smokepoint,

density,andluminometernumberwerenotmet.Thecausticwashed350-400'F distillate

fractionshoweda significantimprovementinmercaptmlcontentandsomeotherminor

improvements.

56



The 400.550" F distillate fraction met most of tho specifications for diesel fuel and heating

fuel oils although the cetane index calculated met the specificationonly for Grade No. 4-D

diesel fuel oil and the 90% off distillation temperaturewas slightly below the minimum

specified for grade 2-D diesel fut:l. The > 550" F resid met the specifications for a number

4 fuel oil.

Overall, the coal liquid might benefit from furtherhydroprocessing. In particular,

conversion of aromatics to naphthenesor blending with a suitable low-aromaticblending

stock would be necessary to producean acceptableproductfor aviation turbinefuel.

2. EXPERIMENTAL

Following instructionsfrom CONSOL, the coal liquid sample was preparedby blending the

entire contents of two individualcontainers received from CONSOLand designatedby HRI

as Atmospheric Still Overheads (ASOH) 227-75- 8, 9, II, 12 (LO#6251) and Separator

Overheads(SOH) 227-78- 8, 9, II, 12 (LO#6250). The net weight of the Atmospheric Still

Overheadsand the SeparatorOverheadswere reported as 10.66 Kg and 10.87 Kg,

respectively. A 3.259 Kg portion of the blendedcoal-derived syntheticcrude was distilled

by ASTM D 2892 to produce an IBP-I$0" F distillate (2.8 weight percent), a 150-350" F

distillate (19.6 weight percent), a 350-400" F distillate (7.9 weight percent), and a resid.

Specific gravity determinationswere made on the IBP-180" F and I$0-350" F distillate

fractions. In order to maximize the quantityof the 350-400" F distillate fraction for testing,

a subsequentlarge scale distillationwas made using the bulk of the remaining coal liquid. In

this distillation, a 16.7 Kg portionof the blended syntheticcrude was distilled by a slightly

modified ASTM D 2892 procedure to produce an IBP-350" F distillate, a 350-400" F

distillate, a 400-550" F distillate, and a > 550" F resid. Unless otherwide specified, all

subsequenttests were performed on the fractions producedin this large scale distillation.

Also, a portion of the 350-400" F distillate was subjectedto a caustic wash procedure to

remove phenolic compounds and producea caustic-washedfraction, with yields listed in table

3
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t _pertmental methods used in the analysis of this coal-derived synthetic crude and its

fractions were standardA_ or UOP methods, as noted along with the experimentalresults

in table I, with some minor exceptions as discussed later in this section. Brief descriptions

of the methods follow:

2. I Gravity

Specific gravities were measuredby a Mettler/Pur DMA45 at 60" F according to ASTM D

40:52, Density and Relative Density of Liquids by Digital Density Meter. API gravities were

calculatedfrom the specific gravities.

2.2 ElementalAnalysis

Carbon and Hydrogen were determined with a PerkinElmer Model 240C. The procedure

used is thatdescribed in ASTM D 5291, StandardTest Method for the Instrumental

Determinationof Carbon, Hydrogen, and Nitrogen in PetroleumProducts and Lubricants.

Sulfur contents were measuredaccording to method ASTM D 3120, Trace Quantifiesof

Sulfur in Light Liquid PetroleumHydrocarbonsby Oxidative Microcoulometry, using a

MitsubishiTOX-I0 microcoulometer.

Nitrogen values for fractions up to 550" F were measuredby an Antek 730C according to

ASTM D 4629, Trace Nitrogen in Liquid Petroleum Hydrocarbonsby Oxidative Combustion

and Chemiluminescence Detection. A modified ASTM D 4629 procedure (2) was used for

the > 550" F resid.

Basic nitrogen values were determined by UOP 269, Nitrogen Base's in Hydrocarbonsby

PotentiometricTitration, using a Brinkmann636 Titroprocessor.

MercaptanSulfurcontents were measuredby UOP 163, Hydrogen Sulfide and Mercaptan

4
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Sulfur in LiquidHydrocad)onsby PotentiometricTitration.

2.3 Trace Metals

V, Ni, Fe, and Cu were determinedby ASTM D 5185 by Inductive Coupled Plasma Atomic

Emission Spectroscopy (ICP-AES), usng an AR'. Maxim I instrument. Scandium (5 ppm,

Conostan)was used as an internalstandard.

2.4 Ash

Ash contents were determinedby ASTM D 482, Ash from PetroleumProducts.

2.5 Viscosity

Kinematic Viscosities were measuredaccording to ASTM D 445, KinematicViscosity of

Tran_nt and Opaque Liquids.

2.6 Freezing Point

Freezing points were measuredby ASTM D 2386, Freezing Point of Aviation Fuels.

2.7 Cloud Point

Cloud points were determinedby ASTM D 2500, Cloud Point of Petroleum Products.

2.8 Pour Point

Pour points were measured accordingto ASTM D97, Pour Points of Petroleum Products.
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2.9 Reid Vapor Pressure

VaporPressures were measuredby ASTM D 5191, Vapor Pressure of Petroleum Products

('MiniMethod). The measuredtotal pressures were converted to a Reid Va_or Pressure

Equivalent(RVPE) by use of a correlationequation. A Ombner instrumentsModel

CCA-VPS was used for the measurements.

2.10 Micro Carbon Residue

Carbon residues were determinedon the total distillate and the fractionsdistilling above 400"

F by A_ D 4530, Micro CarbonResidue of PetroleumProducts. This test provides

results equivalent to the ConradsonCarbon Residue (D189), while offering advantages such

as better control of test conditionsand small sample size.

2. II Flash Point

Flash points were measured by ASTM D 36, Flash Point by Tag Closed Tester (350-400" F

fraction) and ASTM D 93, Flash Point by Pensky-MartensClosed Tester (400-550' F

fraction).

2.12 Heptane Insolubles

Asphaltene content in the total distillate was measured by ASTM D 3279, n-Heptane

insolubles.

2.13 Bromine Number and Olefin Content

Bromine numbers were measuredwith a Brinkmann636 Titroprocessoraccordingto ASTM

D 1139, Bromine Numbers of PetroleumDistillates and Commercial Aliphatic Olefins by

ElectrometricTitration. Olefin contentsof the 330-400" F and 400-330" F distillate

6
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fractions were calculated according to Annex A4 of ASTM D 1159.

2.14 Aniline Point

Aniline point was run by Method A, ASTM D 61i, Aniline Point and Mixed Aniline Point

of Petroleum Productsand HydrocarbonSolvents.

2.15 Smoke Point

Smoke points were measuredby AS'IM D 1322, Smoke Point of Aviation Turbine Fuels.

2.16 Acidity

Acidities were run by ASTM D 3242, Acidity in Aviation Turbine Fuel.
J
!

2.17 Copper Corrosion

Copper corrosions were determinedaccording to ASTM D 130, Detection of Copper

Corrosion from Petroleum Products by the Copper Strip Tarnish Test.

2.18 Existent Gum

Existent gum was measured and reported as washed existent gum according to ASTM D 381,

Existent Gum in Fuels by Jet Evaporation. The procedure was modified slightly for the

400-550" F fraction as it was allowed to evaporate for 60 minutes instead of 30 minutes.

2.19 Oxidation Stability

Oxidation stability on the,IBP-350" F distillate and the 350-400" F distillate samples were

determined by ASTM D 525, OxidationStability of Gasoline (InductionPeriod Method).
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Oxidation stability of the 400-550" F distillate was determined by ASTM D 2274, Oxidation

Stability of Distillate Fuel Oil (Accelerated Method).

2.20 Thermal Stability

Thermal stability of the 350-400" F distillate sample was not determined due to insufficient

sample from the distillation.

2.21 Distillation, D 86 and Gas Chromatographic Simulated Distillation arid D 2887

Simple atmosphericpressure distillation, ASTM D 86, Distillation of Petroleum Products,

was used for the three distillation fractions boiling below 550" F and the > 550" F resid.

The D 86 distillation data are summarized in table II. The total distillate was analyzed by

ASTM D 2887, Determination of Boiling Range Distribution of Hydrocarbon Distillates by

Gas Chromatography. The D 2887 simulated distillation data are summarized in table III.

The chromatogram is shown in Appendix A.

2.22 Distillation, D 2892

Distillation fractions corresponding to IBP-180" F, 180-350" F, 350-400" F, and a resid

were prepared by ASTM D 2892. Large scale distillation fractions corresponding to

IBP-350" F, 350-400" F, and 400-550" F and a > 550" F resid were prepared by a slightly

modified ASTM D 2892 procedure. Data from the large scale distillation are summarized in

table IV.

2.23 Octane Number

Octane numbers were obtained by modified ASTM D 2700 (Motor Method) and D 2699

(Research Method) on the IBP-350" F distillate.
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2.24 Cetane Index

The Cetane Index for the 350-400" F and 400-550" F distillate fractions and the > 550" F

resid were calculated accordingto method ASTM D 976.

2.25 Heat of Combustion

Heat of combustion was determined by ASTM D 240, Heat of Combustion of Hydrocarbon

Fuels by Bomb Calorimeter.

2.26 LuminometerNumber

Luminometernumberswere detemined by ASTM D 740, LuminometerNumbers of Aviation

Turbine Fuels.

2.27 Group Analysis

A. Gas Chromatography

Detailed HydrocarbonAnalysis accordingto modified method ASTM D 5134 was performed

on the IBP-350" F fraction. In this analysis, (sometimes termed PIANO for paraffins,

isoparaffins, aromatics, naphthenes,and olefins) individualcomponents up to tridecaneare

quantified. Benzene was determined by thismethod also. A Siemens Sichromat2 GC with

Chrom Perfect and DHA software was used. The results from the PIANO analyses are

provided in Appendix B and summarized in table I.

B. Mass Spectrometry

Group type analyses of the 350-400" F and 400-550" F distillate fractions was performedby

the high resolution mass spectrometric method, HC22, published by Richard Teeter C2).

Naphthenecontent was corrected for olefin content determinedby ASTM D 1159 as the

9
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HC22 methoddoes not distinguish between olefins and naphthenes. Detailed results are

given in Appendix C and are summarized in table I.

C. Naphthalenesby UV Spectroscopy

Naphthalenes were determined in the 350-400" F distillate by ASTM D 1840, Naphthalene

Hydrocarbonsin AviationTurbine Fuels by Ultraviolet Spectrophotometry. Data are given

in table I.

2.28Caustic Washing and Phenol Recovery

The caustic wash and phenol recovery procedureis described below:

The following procedure is written for the caustic wash of a single 1,700 g aliquot of

sample. The procedure can be linearly scaled to accomplish caustic washing of smaller or

larger samples.

Changes were made in the caustic wash procedureused in the analysis of the Run CMSL-2

samples from thatwhich was used for the Run CC-15 sample analyzed in a previous project.

This was done to decrease the large volume of acid solution needed for neutralizationand to

decrease the heat generatedand the time requiredfor the procedure. Any loss in extraction

efficiency should be more than compensated by the extra extractionwhich was added.

Equipment: Separatory funnel (4 L bottle for mixing vessel)

Vacuum rotary evaporator

Supplies: 6 wt% NaOH solution

Concentrated HCI

Dichloromethane (CH2CIz)
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Each1,700g aliquotofsampletobewashediscontactedthreetimeswithabout300mL of

NaOH solution.A mechanicalshakerormagneticstirrershouldbeusedformixing;a

separatoryfunnelisusedtoseparatethetwophases.Thisisfollowedbytwowasheswith

about200mL ofdistilledwater.Thewater-oilmixtureisallowedtosettleandthewater

layer is drawn off. (Note: If a stableemulsion forms it can be recovered separately from the

oil and water phases and brokenby gentle heating.)

Phenol Recovery

The collected aqueous phases are combined and acidified with concentrated HCIto a pH of

< 5 (about 115 mL is required). This step should be done slowly (to allow for heat

dissipation) in an unstopperedcontainerstirred with a magneticstirrer. The phenols are

recovered from the acidified water by washing with three (300 g) aliquots of

dichloromethane. If significant color or odor persists after washing, add 100 g NaCI and

wash two more times wth dichloromethane. The dichloromethaneis evaporated to obtain the

phenolic extract.

3. EXPERIMENTAL RESULTS

Chemical and physical propertytest dataare listed in table I for the total distillate, IBP-180"

F distillate, 180-350" F distillate, IBP-350" F distillate, 350-400" F distillate, 400-550" F

distillate and the > 550" F resid. Data for the caustic washed 350-400" F distillate fraction

are listed in table I also. Results from D 86 distillationsof distillate fractions and simulated

distillationof the total distillateare given in tables lI and III. D 2892 distillation data are

listed in table IV. The chromatogramfrom the simulateddistillationis given in AppendixA.

Group type analysis data by gas chromatography(modified ASTM 5134) are summarized in

table I with the complete data includedas Appendix B. Similarly, the group type analysis
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datadeterminedby massspectrometryare summarizedin table I with the completedata

includedas Appendix C.

4. ASSESSMENT OF DATA QUALITY AND APPLICABILITY OF METHODS

Application of ASTM and other standard methods along with a quality assurance program

which includes analysis of primary standards where available, secondary standards, and

regular participation in interlaboratory round robin test studies should assure data quality falls

within the statistical parameters associated with the particular tests employed, except for

those tests which do not apply well to non-petroleum derived materials. Duplicate

determinations are usually made for most tests and the results routinely fall within the

published error limits.

A comparison of yields from the small scale standard ASTM D 2892 distillation with those

from the large scale modified procedure shows some differences.

D 2892 IBP-350" F: 22.4 wt 350-400" F: 7.9 wt Total: 30.3 wt l_t

pct pet

Mod. D 2892 IBP-350" F: 25.0 wt 350-400" F: 5.6 wt Total: 30.7 wt lX:t

l_t pct

The modified procedure involves use of reflux ratios of 1/1, 3/1, and 5/1 as the cut point is

approached. This is designed to speed up the distillation while minimizing deviation from

the standard D 2892 results. Although the total yield of the IBP-350" F and 350-400" F

distillates from the two distillations were nearly equal, the two individual yields differed by

more than the reproducibility expected for the standard D 2892 method (1.2 mass percent).

The differences could be due to the use of different reflux ratios or differences in pot

temperatures and residence times from the different scale of the two distillations. The latter

could result in differences in decomposition of the sample. Such decomposition was noted in
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the D 86 distillationperformedon the 350-400' F fraction.

Almost all of the tests employed in this study were developed for application to petroleum

and petroleum products. The applicabilityof some of the tests to coal-derived liquids is not

a simple issue. The physical propertytests should apply equally well to coal liquids as to

petroleumproducts in respect to determinationof the property. However, in some cases

correlationof thatproperty to performanceof the material for its intended use may be

somewhatdifferent for coal-derived liquid products than for petroleumproducts. Also, coal

liquid samples sometimes presentproblems in some tests which are not typical for petroleum

samples. For example, the initial boiling pointdetected in the D86 test for the 350-400" F

distillate fraction was most likely low due to smoking of the sample which probablyresulted

from formationof water by decomposition. The potential for inaccuracy is more serious for

most of the chemical tests. For example, the methods employed for the group type analyses

of the <350" F, 350-400" F, and 400-550" F fractionsdo not determineoxygenates,

nitrogencompound types or all possible sulfur compound typeseven for petroleum-derived

fractions. This is usually not a serious omission for the lighter fractions except for the

presenceof phenols in the coal-derived light fractions. These limitationscan be very

importantfor fractions containingsignificant quantitiesof oxygen-, sulfur-, or

nitrogen-containingcompounds as indicatedin the methods. Also, the HC22 mass

spectrometricmethod employed for the 350-400" F and 400-550" F fractions were developed

for petroleum-derived materials. The different distributionsof isomers and alkyl-substituted

homologs within the various compound types between coal liquids (and even atypical

petroleumcrudes) and conventional petroleum crudes can affect the accuracy of

compositional dataproduced by the HC22 method, the corresponding ASTM methods, and

other similar methods.

Some of the ASTM methods, such as D 2274, state they are "not applicable to fuels

containing any significant componentderived from a nonpetroleumsource". For others,

such as ASTM D 5134, Detailed Analysis of Petroleum NaphthasThrough n-Nonane by

CapillaryGC, significantly differentcomposition can be a problemfor correct peak
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identification.For example,anoxygenateco-elutingwitha hydrocarboncompoundwould

causean erroneouslyhighresultfor thatcompound.In spiteof theproblemsof

applicability,themethodsemployedin thisstudyarethebest(or amongthebest)available;

andin mostcasestheyare thetestsrequiredin thespecificationsfor theenduseproductsfor

whichthesedistillatefractionswouldultimatelybeused,after furtherprocessing.

5. ASSESSMENT OF PRODUCT QUALITY

Productqualityforthe<350"F,350-400"F,and400-550"F distillatefractionsandthe

> 550"F residwillbeassessedbycomparisonofthephysicalandchemicalpropertytest

dataagainstthespecificationsforgasolines(ASTM D 4814),aviationturbinefuels(ASTM D

1655),dieselfuels(ASTM D 975)andfueloils(ASTM D 396)respectively.Itshouldbe

notedupfrontthatthesespecificationsapplytofinishedfuelswhicharenormallycomprised

ofblendsofvariousrefiningstreamsalongwithadditivesandthusdo notevenapplydirectly

tostraightrunpetroleumdistillates,letalonecoalliquiddistillates.

5.1 Assessment of the IBP-350" F Distillate Fraction

ThequalityoftheIBP-350"F distillatefractionisprobablybestassessedintermsof

specificationsforgasoline.Thevaporpressureforthisdistillatefractionfallswellbelowthe

maximum allowedforallofthevaporpressure/distillationclassesofgasolines.Infact,this

fractionwouldneedtobeblendedwithsomelightermaterialtomeettheminimum

requirementsfordistillationboilingrangeintermsoftheI0% evaporatedmaximum

temperaturewhichrangesfrom122-158"F forclassesAA-E. Similarly,the50% off

temperaturefallsoutsidetherangeofmaximum temperaturesfortheclasses(261"F

comparedtospecificationsof230"F forclassE to250"F forclassesAA andA). Finally,

themaximum temperaturespecificationsforthe90% offandendpointsaremetbythe

IBP-350"F distillatefraction.Also,themaximum residueallowed(2%, vol)wasmet

easily,asonly0.7% residuewasobserved.
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Otherspecificationtestswhichwereperformedincludecopperstripcorrosion,existentgum,

sulfurcontent,andoxidationstability. The distillatefractionfailedthe copperstripcorrosion

test (3bversusI, maximum). Sulfurcontentmet the specifications(0.01 weightpercent

versus0. I0, maximum)in spiteof the presenceof somehydrogensulfideand failurein the

copperstripcorrosiontest.

The octanenumbertestsgave resultsconsiderablybelowthatrequiredfor a finishedgasoline

as wouldbe expected. The octanenumbersforpetroleumdistillatesin this boilingrangeare

usuallyon the orderof 60-70. (Theclose valuesfor the researchandmotoroctanenumbers

is notat all unusualfor straightrundistillatesfrompetroleumcrudesor coal liquidsin our

experience.) Typically,light straight-rungasoline,catalyticreformate,catalyticallycracked

gasoline,hydrocrackedgasoline,polymergasoline,alkylate,andn-butaneare blendedalong

withadditivesto producea finishedgasoline. Generally,the heavystraight-rungasoline

fraction(boilingrangeapproximately190-380"F) is usedas feed to the catalyticreformerto

producea 90-100 researchoctaneproduct0.3. Sucha processwouldbe necessaryforthe

coai liquid<350" F fraction(orat least the 190-350"F portion)to improveits qualitiesfor

gasolineblending,althoughremovalof olefinswouldbe requiredto makeit acceptableas a

catalyticreformerfeedstock.

5.2 Assessmentof the 350-400"F DistillateFraction

The350-400"F distillatefractionis assessedin termsof specificationsforaviationturbine

fuelsalthoughfinishedjet fuelsare sometimesblended froma varietyof refinerystreams

withthe additionof variousadditivesalso. Nevertheless,thisdistillatefractionpassedthe

specificationtests for totalsulfurcontent,freezingpoint,acidity,copperstripcorrosion,

flashpoint,density,heatof combustionanddistillationfinalboilingpoint, residueandloss.

Failedtests includearomaticcontent(28 versus20 volumepercentmaximum),smokepoint

(15.6 versus20 or 25 mm minimum),and luminometernumber(27.3 versus45 minimum).

Thehigharomaticcontentof this distillatefractionis probablythe mostseriousdeficiencyin

its potentialuse as a blendingstockforaviationfuel. Hydrogenationor hydrocracking
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should improve its prope_es significantly. Alternatively,blending with a suitable

low-aromatic blending stock might be feasible.

5.3 Assessment of CausticWashed 350-400" F Distillate Fraction

The test which showed the most significant improvement aftercaustic washing of the

380-5 I0" F distillate fraction was the mercaptansulfur value which decreasedfrom 19 ppm

to 6 ppm. Some other propertiesshowed improvementalso. The decrease in oxidation

stability most likely resulted from removal of hinderedphenols, which are known

antioxidants, in the caustic washing procedure. Overall, the caustic-washed fraction,

although slightly improved for use in blending for jet fuels, is limited by the high aromatic

content and related low smoke point.

5.4 Assessment of the 400-550" F Distillate Fraction

The quality of the 400-550" distillate fraction is probablybest assessed using the

specifications for diesel fuel oils and heating fuel oils. In terms of the diesel fuel oil

specifications, the distillate meets the flash point, cloud point, distillation, ash, sulfur, and

copper strip corrosion tests for all grades and the cetane numberfor Grade No. 4-D diesel

fuel oil, except the 90% off distilltion temperature was slightly below the minimumspecified

for grade 2-D diesel fuel.

In terms of heating oil or fuel oil specifications, the 400-550" F distillate fraction meets the

requirements in terms of flash point, pour point, viscosity (for Grade No. 4 light, only), ash,

sulfur, and copper strip corrosion.

5.5 Assessment of the > 550" F Resid

The quality of the > 550" F resid fraction is probably best assessed using the specifications

for heavy heating oils, although a corresponding petroleum fraction would probably be sent
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to a catalytic cracking or hydrocrackingunit in most refineries. This fraction meets the

r'l_ciflcations for a number 4 fuel oil. The low ash content, low sulfurcontent, and copper

strip corrosion value all meet the _iflcations for even lighter heating oil grades, indicating

good quality in thatrespect.
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TableI.. ChemicalandPhysicalPropertyData
Date 8tarred Date Completed

' I , ,,T IL_ L "-

......................... Simple ,,
Prop, Tot= I' 350- F 40( -

Dtet. _180 _i80 before *afterwMhin9 8S0' F =,560"F

S_ctf_r _revity6 00;F (O4052)' 0,8887 0,72020._864 0.8492 _._1484 ......... 0,8892 ' 0.9262

API Grlv_y (calculated..) 31.4 35.1 _35.3 " 27.8 21.3
....... J, I " ,J . , -, _ _ L _LL

Slemen_ An_!lym..w¢% ,,_0_,,,_0:_ _ '_!:,: ....._,:_i_,_,,'_:_, .',_ , ,,,_ ,: _:-:. o52o,) .... 33 .., I ... 0z,,e aT.Do
Hydrogen(D5291) 12,68 14.24 1_._)_ , 13,08 12.27 11.e4....... Suifur(O3120) .... 0,0;i- 0.01' '' 0:01 - "0,01 ' 0.0i
Nitrogen(04829) ' 0,03 0.01 0.03 0.02 0,03 0.0e

_,__ i i i r "
B_Io Nitrogen(UOP209) _!,_ ._ , _r-:'_,_ 0' O_ 0'023 0'0_3 0'029 0"031

II _ :,_ [ ILl I

Trace Metals (D5185), Vonsd!um_pprn I_,:,"_,_,,,_:_,_:,,__,_ i_,_,_ _ _" .....
........... Nk:kel,ppm ' '_'_"....... _ _' _:_R_ _: _"_i___:,__ ,_:",':_ 0.68

- - Ir0n. pl)m ..... 0..30' , ,. ,,,_:_::_,:_;:.... '.... , ...... ., 2.00_ ,,,, ,u - -

Ash (D482), 'wt % Copper,ppm ..... <0.0010'20 ' '' ' '_ 1 _' : _"_' F ¢ _,, . ' _'_J _'_ Lr"_; , , , k ':' P''; _ " ' ] ' 0.001..... 0,180,003.....
Vls(iollty"(D445),"0St .... i' .:-" ....... .':.:,,: - ' " : " : .... _/_"

..... . " r. _' 2.503 " 8.774
..... I)'I04" F ' ' " 2,104 , ,, I ,0:a853' 0.8_41 1.056 ,

..... _ , 210' IF _ ' ' ' ' O" gel oU r ' r' 2:23 _

,,,, , , i , ,,r " I ,I r _ ,,,,,,

........ ,, : <.so L<-eQCloudPoint(D2500). "F -.,:., ._ . ...... , .-_
, • ,,_.Pour Point(D97), "F -50 .i?_'_ _'_,<-50....... _<-00 -55 10

. ReidVapor Pressure(D5191), pd ...... .(:i%:_!_,,:_; _ 2.74 0.02 <0.0;I
......... ::,,;:_,_i_-:__,i_," ......:," "'_...... <0.01 .... <0.01MlcroCarbonResidue(D4530).wt. % <0.01 ''_:':_ '_:_:,

Flash Point (D5B, D93), "C . :.:i' :.::_,; 50 57 94.5 _:' .... '_' T r _: _; _' _::_" '_

"'HeptaneInsoiublee(D3279), wt:%' _": _'_'';_:'_'::_''i _ __'_:2'_ ....
GroupAnal_is (ASTM"D51:_4andHC22) ' _" :_

.. paraffins,vo!. % .... ',i ,:'":"_ ,,,-,:
Naphthenes,vol. % 53.9 6i.3 6i.5 53.0 .... , '_

"" Aromatics, vol. %._ ....... _ 5.3 28.4 27.8 37.5' _ _ r " " " ¢

Olefins, vol. % 3.2 ....2.8 2.5........ 2.0 ,.,

' Benzene(PIANO;'mad D5134_,V0I.% " '0.198 ' _ ___;_Naphthalene=(Dltl40), vol. % _,;,,_i •. 0AS '_ 0.32 ....,;'"=_:__!.
'_'BromineNumber (Dli _9) ' _. _:' 3.20 3.00 _ 2.71 1.94 ' _:, : . _v:i.
AnilinePoint (D611)t "F ..... : :I , ,_;L:_,,:P ._ _ ',:. } '_. ' 118.2

' Smoke Point(Di322)_ mm , ' ",: '=:_':!;:,-;'-,_ - l'_.e r '15.4 "" " ....." .....
Acidity(D3242), moKOW_I <0.01 0.01 <0.(_i' 0:01' ', -. '"'i, :'.:
CopperCorrosion(1:)130) ...... , ' 3b(d@rk) !1 (al!oht) la (alight) !a (slight) la (slioht)
ExistentGum (D381)_mg/100mL= 1.0 6.4 6.2 52.6 _
OxidationStability(D5.25),rain " . 144,,0 1440 720 '". "_' .
Oxidation.,S,.!ability(D2274t mg/100m_ 1.0,_:0.1
ThermalStabilityIJFTOT) (D3341) _ ....... . '
Distillation,ASTM D 2887r and [)86 .... Talkie ii L

,:.Dist!llation,ASTM D2892 Yield,wt_,% ' Table IV ' ' ....... _ .
Octane Number: MotorMethod(D2700) 1 ' ' 58.7 _ ...._ :' .... '

ResearchMethod(D2699) r' ' ' 60.1 ' -., ,,::, "" ' ' ' '_
Cetane Index(D976) "" I' " _ _ r_ .....: 2.0''8..... . ..... . 32'7 " 35'3 '
Heat of Combustion(D240). Nat Btu/Ib(MJ/k-j) =:_ _ _ 8,606 (43.3) 18,401 (42.8) 18,411 (42.8'i" ... ' _
LuminometerNumber (D17..40) 62.9 27.3 27.0

'CausticWash & Pheno Recovery,wt %4 W:95.4/P:1.'l' ., ,. ,

SpecificandAPI gravitiesof IBP - 180" F and 180. 350" F fractionsfromthe standardASTM D2892 fractions.Allothertestsrun
on modifiedD2892 fractions.

2Unknownsfromthe D5134 analysiaof the <350' F distillate= 0.7 volume%.
Washedexistentgum.
W = washeddistillate,P = phenolsrecovered,100 - W - P - percentlostinthe procedure(3.5 wt. %).
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Table II.- ASTMOlie DlstlliatlonResults,TemperatureRudlngs
Correotadto 101.3kPa (700 mm Hg) Pressure

. _ ilUrTIn ..................................

kmple <350' F 350- 400"F 400- 550"F >550"F
..... ,,,, ,,, , , ..... i,ii iii i lll

BarometdoPressure 748 743 739 745
(ramHg)

'F 'C- "F 'C .......'F ;'C..... 'F "C
.... _ ........... IHIII,, , , , , ............ _ - r ..... II,

InlllalBolllngPolnl 158.9 70.6 _.7 161.5 434.8 223.8 680.4 304.7

5%recovered 188,6 87.0 362.1 183.4 457.7 236.5 592.3 31t.3

lO%recovemd 204.2 95.7 365.9 185,5 461,6 238.7 595.4 313.0

20%recovered 221,1 105.1 368.2 186.8 466.3 241.3 596.3 313.5

30%recovered 2'34,3 112,4 370.0 187.8 473.5 245.3 600.2 315.7

40%recovered 246.2 119.0 372,5 189.2 480.5 249.2 603.8 317.7

50%recovered 261.1 127.3 375.2 190.7 486.6 252.6 609.6 320,9

60%recovered 276.9 136.1 378.1 192.3 494,9 257.2 615.5 324.2

70%recovered 295.5 146.4 381.3 194.1 504.5 262.5 623.4 328.6

80%recovered 312,9 156.1 385.3 196,3 513.3 267.4 634.2 334.2

90%recovered 329.9 165.5 391.8 199.9 526.1 274.5 651.9 344,4

95%recovered 339,8 170.9 397.2 202,9 535,2 279.6 669.7 354.3

EndPolnt 350.4 176,9 401.5 205.3 540.5 282.5 678.7 359.3

Recovery,% 98.3 97.1 97.7 97.4

Residue,% 0.7 0.9 1.3 0.9

Loss,% 1.0 2.0 1.0 1.7
............................
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TableIII.. ASTMD 2887 SimulatedDistillationData

8AMPLE: CONSOL CMSL-2 Total Di_lll_e BOTTLE#:3

8AMPLER INJECTION Q 15:17 8EP 8, 1993

IBP 98
1 14e 51 501
2 174 52 505
3 180 53 509
4 183 54 513
8 202 55 517
6 211 8(5 520
7 212 57 524
8 214 59 527
9 229 59 530

i0 243 60 533
11 252 61 536
12 264 62 540
13 268 63 543
14 282 64 546
15 293 65 549
16 303 66 553
17 310 67 557
18 316 68 561
19 327 69 564
20 333 70 568
21 340 71 571
22 348 72 575
23 354 73 578
24 360 74 580
25 368 75 584
26 376 76 588 i
27 382 77 591
28 388 78 595
29 393 79 598
30 398 80 602
31 404 81 605
32 410 82 608
33 415 83 612
34 420 84 616
35 427 85 619
36 432 86 623
37 438 87 627
38 443 88 631
39 449 89 636
40 453 90 640
41 458 91 645
42 463 92 650
43 468 93 655
44 472 94 662
45 477 95 669
46 482 96 677
47 485 97 687
48 489 98 700
49 493 99 723
50 497 FBP 745
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Table IV. - ASTM D 2892 Distillation

Sample: CONSOL CMSL-2 Total Distillate

Crude Oil Properties:
API Gravity @ 60 ° F = 31.4 Density @ 60 ° F --- 0.8687 g/cc
Expected IBP* = 98 ° F Measured IBP - 53 ° F

Sarnia Charge Weight = 36.82 Ibs. Amt. Recovered = 36.59 Ibs.

Fraction. WeiQht (Ibs.) Wejqht % API @ 60 ° F DQn_itv (o/cc)
IBP-350 ° F 9.17 25.1 50.5 0.7771
350-400 ° F 2.05 5.6 35.4 0.8474
400-550 ° F 12.90 35.2 28.3 0.8850
550+ o F 12.47 34.1 21.7 0.9231

* Initial boiling point from D 2887 Simulated Distillation.

Distillate Conditions:

Fraction Temperature (°F) Reflux Ratio Pressure (mm H9)
Head P__

IBP-350 ° F 350 491 5:1 754
350-400 ° F 400 521 5:1 754
400-550 ° F 361 436 2:1 40
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APPENDIX A

CHROMATOGRAM From ASTM D 2887 SIMULATED DISTILLATION
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ASTM D 2887 CHROMATOGRAM
Sample: 93GL613
CONSOL COAL LIQUID CMSL-2 Total Distillate
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!

])-86 CORRELRTION
_.OFF BEG F
Iilei,_ ll llllll

IBP 222
10 300
20 361
30 411
50 490
70 543

.

80 572
90 605

FBP (;59
END OF PROGRAM
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APPENDIX B

l

DETAILED GAS CHROMATOGRAPHIC ANALYSIS DATA
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Xa_Lonal Zns_Ltute _or Pe_oleumandRne_Bese_roh

De_led_dro_urbonAualys£s ( P.Z.A.N.O. )

File: C:\CP\DATAl\ll1093CO.02R Analyzed_ 11-1C-1993 12:32:51
Sample: 93GL613 Reported: 12-02-1993 15:58:38
Method: IPIANO DHA DBaso File: F_-NIEER.DBF
Processed 189 Peaks Normalized to 100.00%
CONSOL
IBP-350'F

Composite Report
Totals by Group Type & Carbon Number
(in Weight Percent)

Paraffins: I-paraffins: Aromatics: Naphthenes: Olefins: Total:

CI: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.076 0.000 0.000 0.000 0.000 0.076
C4: 1.700 0.150 0.000 0.000 0.029 1.880
C5: 3.056 1.563 0.000 1.027 0.225 5.870
C6: 3.179 2.646 0.234 17.371 0.418 23.849
C7: 1.868 2.691 1.193 18.863 0.296 24.911
C8: 2.491 4.204 1.025 9.310 0.383 17.412
C9: 0.764 1.567 1.514 3.956 0.653 8.454
Cl0: 0.626 5.843 2.058 3.867 1.055 13.450
C11: 0.052 1.198 0.112 1.766 0.029 3.157
C12: 0.000 0.000 0.000 0.023 0.008 0.031
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 13.813 19.863 6.135 56.181 3.098 99.090

Oxygenates: 0.000 Total C14+: 0.000 Total Unknowns: 0.910
Grand Total: 100.000

Molecular Weight and Specific Gravity Data

Group: Ave. Mw.: Ave. Rel. Density:
C1: 0.000 0.000
C2: 0.000 0.000
C3: 44.097 0.501
C4: 52.304 0.577
C5: 71.699 0.644
C6: 84.561 0.742
C7: 98.242 0.754
C8: 112.557 0.751
C9: 125.547 0.775

CI0: 139.934 0.766
C11: 154.860 0.777
C12: 165.843 0.789
C13: 0.000 0.000

Total Sample: 99.041 0.736
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N&t:_l,onal Znstitute £0= Pet=oleumand BnmzqjTRmsearah

Detailed Bydzooa=bonAnaL.l.¥m£s ( P.Z.A.N.O. )

File: C:\CP\DATAl\ll1093CO.02R Analyzed: 11-10-1993 12:32:51
Sample: 93GL613 Reported: 12-02-1993 15:58538
Method: !PIANO DHA DBaso Tile: RI-NIPER.DBF
Processed 189 Peaks Normalized to 100.00%
CONSOL
IBP-350'F

Composite Report
Totals by Group Type & Carbon Number
(in Volume Percent)

Paraffins: I-paraffins: Aromatics: Naphthenes: Olefins: Total:
C1: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.112 0.000 0.000 0.000 0.000 0.112
C4: 2.183 0.200 0.000 0.000 0.036 2.420
C5: 3.627 1.874 0.000 1.023 0.251 6.776
C6: 3.583 2.990 0.198 16.693 0.420 23.884
C7: 2.031 2.920 1.022 18.265 0.304 24.543
C8: 2.635 4.411 0.881 8.924 0.372 17.224
C9: 0.791 1.614 1.302 3.748 0.655 8.111
C10: 0.637 5.945 1.770 3.578 1.118 13.049
C11: 0.052 1.203 0.095 1.641 0.029 3.020
C12: 0.000 0.000 0.000 0.022 0.008 0.029
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 15.652 21.157 5.270 53.894 3.195 99.167

Oxygenates: 0.000 Total C14+: 0.000 Total Unknowns: 0.833
Grand Total: 100.000

(in Mole Percent)
Paraffins: I-paraffins: Aromatics: Naphthenes: Olefins: Total:

C1: 0.000 0.000 0.000 0.000 0.000 0.000
C2: 0.000 0.000 0.000 0.000 0.000 0.000
C3: 0.172 0.000 0.000 0.000 0.000 0.172
C4: 2.924 0.258 0.000 0.000 0.410 3.592
C5: 4.234 2.165 0.000 1.463 0.322 8.183
C6: 3.687 3.069 0.300 20.629 0.503 28.189
C7: 1.864 2.684 1.294 19.201 0.301 25.344
C8: 2.179 3.679 0.965 8.292 0.348 15.462
C9: 0.595 1.221 1.259 3.132 0.523 6.730
C10: 0.440 4.105 1.533 2.755 0.774 9.607
C11: 0.033 0.766 0.075 1.144 0.019 2.038
C12: 0.000 0.000 0.000 0.014 0.005 0.019
C13: 0.000 0.000 0.000 0.000 0.000 0.000
Total: 16.128 17.947 5.425 56.631 3.205 99.336

Oxygenates: 0.000 Total C14+: 0.000 Total Unknowns: 0.664
Grand Total: 100.000
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Nat_on&l Zns_£tur.e to_ Petroleum and RnergyRasearah

netaLledl,/_troaszbonAnalysLs ( P.Z.&.N.O. )

File: C:\CP\DATAl\111093CO.02R Analyzed: 11-10-1993 12:32:51
Sample: 93GL613 Reported: 12-02-1993 15z58:38
Method: tPIANO DHA DBase File: RI-NIPER.DBF
Processed 189 Peaks Normalized to 100.00t
CONSOL
IBP-350'F

Boiling Point Distribution Data

Wt. Percent Off: Vol. Percent Off:

deg.C.: deg.F.: deg.C.: deg.F.:

IBP (0.5%) -0.50 31.10 -0.50 31.10
5.0% 36.06 96.91 36.06 96.91

10.0% 63.27 145.89 60.26 140.47
15.0% 71.80 161.24 68.73 155.71
20.0% 80.72 177.30 80.72 177.30
25.0% 80.72 177.30 80.72 177.30
30.0% 80.72 177.30 80.72 177.30
35.0% 91.85 197.33 90.77 195.39
40.0% 100.93 213.67 100.93 213.67
45.0% 100.93 213.67 100.93 213.67
50.0% 100.93 213.67 100.93 213.67
55.0% 103.47 218.25 100.93 213.67
60.0% 118.54 245.37 118.54 245.37
65.0% 125.68 258.22 124.50 256.10
70.0% 130.96 267.73 130.96 267.73
75.0% 139.12 282.42 137.02 278.64
80.0% 150.82 303.48 150.82 303.48
85.0% 160.41 320.74 160.41 320.74
90.0% 171.30 340.34 167.80 334.04
95.0% 177.13 350.83 175.08 347.14

FBP (99.5%) 189.52 373.14 188.24 370.83

Research Octane Number - 75.25

(Calculated from Individual Component Values)

Contribution to Total by:
Paraffins: 5.29

Iso-paraffins: 15.14
Aromatics: 6.45

Naphthenes: 44.88
Olefins: 2.80

Oxygenates: 0.00
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Nat£onal Znxt£tute for Petl_oZewn u_L Energy l_xe_ah

De_aZZecL l_jdroaazbon An_ye£e ( P.Z.A.X.O. )

File: C:\CP\DATAl\ll1093CO.02R Analyzed: 11-10-1993 12:32:51
Sample: 93GL613 Reported: 12-02-1993 15:58:38
Method: IPIANO DH_ DBase File: RI-NIPER.DBF
Processed 189 Peaks Normalized to 100.009
CONSOL
IBP-350'F

Components Listed in Chromatographic Order

Min. INDEX Component Wt% Vo19 Mo19
6.393 300.0 Propane 0.076 0.112 0.172
6.847 360.9 i-Butane 0.150 0.200 0.258
7.113 388.3 Butene-1 0.025 0.031 0.402
7.240 400.0 n-Butane 1.700 2.183 2.924
7.607 422.8 c-Butene-2 0.005 0.006 0.008
8.240 454.4 ? 0.009 0.011 0.016
8.687 472.8 i-Pentane 1.563 1.874 2.165
9.107 487.9 Pentene-1 0.060 0.070 0.086

9.327 495.2 2-Methylbutene-i 0.038 0.043 0.053
9.480 500.0 n-Pentane 3.056 3.627 4.234
9.760 507.4 t-Pentene-2 0.044 0.050 0.062

10.053 514.6 c-Pentene-2 0.014 0.016 0.020

10.273 519.8 2-Methylbutene-2 0.036 0.041 0.051
11.940 552.6 Cyclopentene 0.033 0.032 0.049
12.100 555.3 4-Methylpentene-1 0.025 0.028 0.029
12.200 557.0 3-Methylpentene-1 0.012 0.014 0.015
12.580 563.0 Cyclopentane 1.027 1.023 1.463
12.667 564.4 2,3-Dimethylbutane 0.161 0.181 0.187
12.927 568.3 2-Methylpentane 1.480 1.684 1.716
13.960 582.7 3-Methylpentane 1.005 1.125 1.166
14.333 587.5 2-Methylpentene-i 0.029 0.032 0.035
14.427 588.6 Hexene-1 0.065 0.071 0.077
15.393 600.0 n-Hexane 3.179 3.583 3.687
16.053 607.5 2-Methylpentene-2 0.039 0.042 0.046
16.267 609.8 3-Methylcyclopentene 0.027 0.027 0.033
16.387 611.1 3-Methyl-c-pentene-2 0.013 0.014 0.016
16.753 614.9 c-Hexene-2 0.012 0.013 0.014
17.680 624.1 4,4-Dime_hyl-t-pentene-2. 0.009 0.010 0.009
17.847 625.7 2,2-Dimethylpentane 0.010 0.011 0.010
18.140 628.4 Methylcyclopentane 2.911 2.890 3.457
18.600 632.6 2,4-Dimethylpentane 0.091 0.i00 0.090
20.967 651.9 l-Methylcyclopentene 0.038 0.037 0.047
21.153 653.3 Benzene 0.234 0.198 0.300
21.780 657.8 3,3-Dimethylpentane 0.024 0.026 0.024
22.267 661o3 Cyclohexane 14.460 13.803 17.172
23.640 670.4 2-Methylhexane 0.940 1.029 0.938
23.853 671.8 2,3-Dimethylpentane 0.298 0.318 0.297
24.213 674.1 1,1-Dimethylcyclopentane 0.069 0.068 0.071
24.567 676.3 Cyclohexene 0.158 0.145 0.192
24.933 678.5 3-Methylhexane 1.212 1.310 1.209
25.833 683.7 lc,3-Dimethylcyclopentane 0.467 0.466 0.476
26.267 686.2 lt,3-Dimethylcyclopentane 0.425 0.424 0.432
26.520 687.6 3-Ethylpentane 0.117 0.124 0.116
26.687 688.5 lt,2-Dimethylcyclopentane 0.565 0.559 0.575
26.980 690.1 2,2,4-Trimeth_ipentane/Heptene-1 0.040 0.043 0.041
28.313 697.2 t-Heptene-3 0.008 0.009 0.008
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28.573 698.5 c-Heptene-3 0.019 0.020 0.019
28.873 700.0 n-Heptane 1.868 2.031 1.864
29.973 707.7 3-Bthylpentene-2 0.014 0.014 0.014
32.067 721.3 Methylcyclohexane 16.458 15.896 16.753
32.613 724.7 2,2-Dimethylhexane 0.056 0.060 0.049
34.160 733.9 Ethylcyclopentane 0.878 0.852 0.894
34.473 735.8 2,5-Dimethylhexane 0.125 0.134 0.110
34.793 737.6 2,4-Dimethylhexane 0.188 0.200 0.165
35.000 738.8 O17 0.030 0.031 0.031
35.740 742.9 lc,2t,4-Trimethylcyclopentane 0.157 0.153 0.140
37.047 749.9 lt,2c, 3-Trimethylcyclopentane 0.131 0.127 0.117f

37.747 753.6 2,3,4-Trimethylpentane 0.009 0.009 0.008
38.407 757.0 Toluene 1.193 1.022 1.294
39.600 762.9 2,3-Dimethylhexane 0.220 0.230 0.193
39. 800 763.9 I, I,2-Trimethylcyclopentane 0.I00 0.097 0.089
40.233 766.0 025 0.176 0.179 0.179
40. 800 768.7 2-Methylheptane 0.618 0.658 0.541
41.060 769.9 4-Methylheptane 0.200 0.211 0.175
41.707 772.9 Ic,2c,4-Trimethylcyclopentane 0.078 0.076 0.070
42.247 775.4 3-Methylheptane 0.532 0.561 0.466
42.393 776.0 3-Ethylhexane 2.255 2.348 1.973
42.773 777.7 it,4-Dimethylcyclohexane 0.643 0.626 0.572
44.453 785.1 2,2,5-Trimethylhexane 0.018 0.019 0.014
44.687 786.1 It,3-gthylmethylcyclopentane 0.296 0.287 0.264
45.153 788.0 lc,3-Ethylmethylcyclopentane 0.239 0.232 0.213
45.420 789.2 Octene-1 0.383 0.372 0.348
46.440 793.4 lt,2-Dimethylcyclohexane 0.988 0.946 0.880
48.100 800.0 n-Octane 2.491 2.635 2.179

49.740 808.9 i-Propylcyclopentane 0.106 0.i01 0.094
52.460 823.0 2,3,4-Trimethylhexane 0.085 0.086 0.067
53.993 830.6 Ic,2-Dimethylcyclohexane 0.437 0.408 0.389
55.460 837.7 n-Propylcyclopentane 6.081 5.822 5.417
55.973 840.1 lc,3c,5-Trimethylcyclohexane 0.204 0.197 0.162
56.273 841.5 2-Methyl-4-Ethylhexane 0.034 0.035 0.026
56.807 844.0 l,l,3-Trimethylcyclohexane 0.136 0.131 0.107
57.233 845.9 1,1, 4-Trimethylcyclohexane 0.021 0.021 0.017
57.593 847.6 3,3-Dimethylheptane 0.144 0.147 0.112
58.127 850.0 2,5-Dimethylheptane 0.046 0.048 0.036
58.440 851.4 N5 0.053 0.051 0.048
58.833 853.1 2,4-Dimethylheptene-1 0.048 0.053 0.040
60.047 858.4 Ethylbenzene 0.278 0.238 0.262
60.387 859.9 ic,2t, 4t-Trimethylcyclohexane 0.325 0.310 0.258
60.800 861.7 2-Methyloctene-1 0.045 0.048 0.036
61.260 863.6 N8 0.070 0.066 0.055

61.960 866.6 m-Xylene 0.267 0.229 0.251
62.227 867.7 p-Xylene 0.436 0.377 0.411
62.813 870.1 2,3-Dimethylheptane 0.183 0.187 0.142
63.273 872.0 4-Ethylheptane 0.209 0.215 0.162
63.907 874.6 4-Methyloctane 0.239 0.247 0.186
64.120 875.5 2-Methyloctane 0.218 0.227 0.170
64.533 877.1 Nll 0.041 0.039 0.032
65.107 879.4 ? 0.129 0.123 0.102

65.393 880.5 3-Methylocane 0.391 0.403 0.305
65.940 882.7 1,1,2-Trimethylcyclohexane 0.095 0.088 0.075
66.380 884.4 o-Xylene 0.044 0.037 0.041
67.387 888.3 N12 0.222 0.212 0.176
67.560 889.0 Nl3/t-Nonene-2 1.309 1.247 1.036

67.967 890.5 t-2-Methyloctene-3 0.383 0.364 0.303
68.473 892.4 Nonene-1 0.049 0.054 0.039

68.733 893.4 i-Butylcyclopentane 0.112 0.I07 0.089
69.473 896.1 t-Nonene-3 0.006 0.007 0.005
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70.007 898.1 N!71c-Nonene-2 0.018 0.017 0.014
70.160 898.7 c-Nonene-3 0.067 0.073 0.055
70.527 900.0 n-Nonane 0.764 0.791 0.595
70.920 903.1 3,7-DimethylocCene-I 0.995 1.054 0.730
71.420 907.0 NI8 0.217 0.204 0.172
72.280 913.6 c-Nonene-2 0.056 0.056 0.046
72.680 916.6 N20 0.201 0.189 0.159

73.060 919.5 i-Propylcyclohexane 0.518 0.480 0.410
73.487 922.7 Ill 0.069 0.070 0.048
73.753 924.7 2,2-Dimethyloctane 0.042 0.043 0.029
74.360 929.3 ? 0.009 0.009 0.006
74.493 930.2 N22 0.232 0.218 0.184
74.833 932.8 2,6-Dimethyloctane 3.712 3.791 2.608
75.327 936.4 212 0.011 0.011 0.008
75.507 937.7 n-Butylcyclopen_ane 0.234 0.222 0.185
75.687 939.0 I13 0.033 0.033 0.023
76.067 941.8 I14 0.010 0.010 0.007

76.253 943.1 3,3-Dimethyloctane 0.226 0.228 0.159
76.607 945.7 N24 0.066 0.062 0.047

77.020 948.6 n-Propylbenzene 0.210 0.181 0.175
77.313 950.7 3-Methyl-5-ethylheptane 0.080 0.082 0.056
77.707 953.5 ? 0.014 0.014 0.010

78.233 957.2 1-Methyl-3-ethylbenzene 1.119 0.962 0.931
78.480 958.9 l-Methyl-4-ethylbenzene 0.184 0.159 0.153
78.887 961.8 2,3-Dimethyloctane 0.087 0.088 0.061
79.053 962.9 ? 0.015 0.015 0.011
79.340 964.9 I15 0.274 0.275 0.193
79.773 967.9 I16 0.062 0.062 0.044
79.913 968.9 i17 0.080 0.080 0.056
80.127 970.3 5-Methylnonane 0.165 0.167 0.116
80.460 972.6 2-Methylnonane 0.225 0.230 0.158 i
81.233 977.9 3-Methylnonane 0.303 0.307 0.213
81.420 979.1 3-Ethyl-2-methylheptene-2 0.060 0.064 0.044
81.593 980.3 N29 0.099 0.092 0.071
81.947 982.7 118 0.039 0.039 0.028

82.580 986.9 t-Butylcyclohexane 2.543 2.353 1.812
82.827 988.5 i-Butylcyclohexane 0.495 0.462 0.353
83.067 990.1 I21 0.119 0.120 0.084
83.373 992.1 I22 0.139 0.140 0.098

83.880 995.4 I24/2,3-Dimethyloctene-2 0.165 0.166 0.116
84.080 996.7 lt-Methyl-2-n-p¢opylcyclohexan 0.225 0.209 0.160
84.473 999.3 sec-Butylbenzene 0.252 0.218 0.188
84.587 1000.0 n-Decane 0.626 0.637 0.440
85.000 1004.2 I26 0.120 0.121 0.077
85.087 1005.0 ? 0.121 0.121 0.077
85.300 1007.2 N31 0.372 0.345 0.241

85.667 1010.9 l-Methyl-3-i-propylbenzene 0.258 0.223 0.192
86.127 1015.5 l-Methyl-4-i-propylbenzene 0.314 0.273 0.234
86.907 1023.2 I29 0.602 0.604 0.385
87.233 1026.4 sec-Bu_ylcyclohexane 0.438 0.400 0.312
87.827 1032.2 3-Ethylnonane 0.060 0.060 0.038
88.020 1034.0 N33 0.688 0.639 0.446
88.433 1038.0 I31 0.123 0.123 0.079
88.727 1040.9 1,3-Die_hylbenzene 0.434 0.374 0.323
88.900 1042.5 1-Methyl-3-n-propylbenzene 0.131 0.113 0.097
89.033 1043.8 ? 0.297 0.256 0.221
89.367 1047.0 1,4-Diethylbenzene 0.152 0.131 0.113
89.560 1048.9 ? 0.146 0.126 0.109
89.760 1050.8 n-Bu_ylbenzene 0.113 0.098 0.084
90.000 1053.0 1,2-Diethylbenzene 0.031 0.026 0.023
90.273 1055.6 N34 0.187 0.173 0.121
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90.440 1057.2 R35 0.520 0.483 0.337
90.687 1059.5 1-Nethyl-2-n-propylbenzene 0.166 0.142 0.124
90.933 1061.8 Z35 0.061 0.061 0.039
91.253 1064.8 Z37 0.042 0.042 0.027
91.593 1068.0 Z38 0.137 0.137 0.087
91.940 1071.2 s-CSBz / le3-9H-4-EtBz 0.024 0.021 0.016
92.033 1072.1 ? 0._, 0.053 0.041
92.253 1074.1 ? 0.040 0.034 0.027
92.54? 1076.8 1,2-DJJnethyl-4-ethylbenzene 0.190 0.161 0.141
93.653 1087.0 Z43 0.054 0.054 0.034
94.06? 1090.? Undecene-1 0.029 0.029 0.019

94.273 1092.6 1-H_thYl-4-t-buCylbenzene 0.032 0.028 0.022
94.653 1096.0 1_2 DJm_thyl-3-ethylbenzene 0.016 0.013 0.01294.947 1098.6 I gthyl 2-£-p=opylbenzene 0.040 0.034 0.02?
95.100 1100.0 n-Undecane 0.052 0.052 0.033
96.387 1114.6 ? 0.038 0.038 0.024
97.860 1131.1 ? 0.014 0.014 0.009
98.527 1138.5 ? 0.019 0.019 0.012

..o 1,2o ool, o.o13o.olo99.820 1152.7 It H 2 (4 HP)cyclopentane 0.023 0.022 0.014
103.307 1189.9 Dodecene-1 0.008 0.008 0.005
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APPENDIX C

HC22 MASS SPECTROMETRIC DATA
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Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

11111Inches 1.0 ,_ |_
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12133B.XLS

lIT RESEARCH INSTITUTE

NATIONAL INSTITUTE FOR PETROLEUM AND ENERGY RESEARCH

P.O. BOX 2128, BARTLESVILLE, OK 74005

MASS SPECTROMETRY LABORATORY

22-COMPONENT HYDROCARBON TYPE ANALYSIS

CLIENT- CONSOL NIPER ACCT. NO- B06761

P.O. NO.

SAMPLE: 12133B. 12/13/93. HC22 ANAL. OF CONSOL 93 GL 613-3
AVERAGE RESULTS FROM SCANS 14, 15, 16

SATURATES AVE LV % SDEV AVE WT % SDEV

C(N)H(2N+2) PARAFFINS 7.5 0.8 6.6 0.8

C(N}H(2N) MONOCYCLOPARAFFINS 38.8 0.6 36.6 0.4

C(N)H(2N-2) DICYCLOPARAFFINS 21.0 0.8 21.8 0.9

C(N}H(2N-4) TRICYCLOPARAFFINS 4.3 0.2 4.7 0.2

C(N)H(2N-6) TETRACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-8) PENTACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-10) HEXACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-12) HEPTACYCLOPARAFFINS 0.0 0.0 0.0 0.0

TOTAL SATURATES 71.6 0.5 69.7 0.6

MONOAROMATICS

C(N)H(2N-6) ALKYLBENZENES 14.8 0.3 15.0 0.3

C(N)H(2N-8) BENZOCYCLOPARAFFINS 11.8 0.2 13.2 0.3

C(N)H(2N-IO) BENZODICYCLOPARAFFINS 0.0 0.0 0.0 0.0

DIAROMATICS

C(N)H(2N-12) NAPHTHALENES 1.8 0.I 2.1 0.i

C(N)_(2N-14) 0.0 0.0 0.0 0.0

C(N)H(2N-16) 0.0 0.0 0.0 0.0

TRIAROMATICS

C(N)H(2N-18) 0.0 0.0 0.0 0.i

C(N}H(2N-22} 0.0 0.0 0.0 0.0

TETRAAROMATICS

C(N)H(2N-24) 0.0 0.0 0.0 0.0

C(N)H(2N-28) 0.0 0.0 0.0 0.0

TOTAL AROMATICS 28.4 0.6 30.3 0.7

SULFUR COMPOUNDS

C(N)H(2N-4)S THIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-10)S BENZOTHIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-16}S DIBENZOTHIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-22)S NAPHTHOBENZOTHIOPHENES 0.0 0.0 0.0 0.0

TOTAL THIOPHENIC COMPOUNDS 0.0 0.0 0.0 0.0

CONTINUED ON PAGE 2

Page 1
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12133B. XLS

!

CLIENT: CONSOL NZPER ACCT. NO: B06761
P.O. NO.

SAMPLE: 12133B. 12/13/93. HC22 ANAL. OF CONSOL 93 GL 613-3
AVERAGE RESULTS FROM SCANS 14, 15, 16

CONTINUATION FROM PAGE 1:

AVG SDEV

CARBON NUMBER 12.0 ---

MOLECULAR WEIGHT 164.0 ---

ELEMENTAL ANALYSIS :
WT % SDEV

C 86.9 0.0
H 13.1 0.0

THIOPHENIC S 0.0 0.0

N-D-M CARBON TYPE:
PCT SDEV

AROMATIC 15.0 0.3

NAPHTHENIC 46.4 0.4
PARAFFINIC 38.6 0.4

N-D-M RING TYPE:
NO. SDEV

AROMATIC 0.3 0.0

NAPHTHENIC 1.1 0.1

NOTE: THIS METHOD DETERMINES LISTED COMPOUND TYPES IN NONOLEFINIC HYDROCARBON

FRACTIONS WITH AVERAGE CARBON NUMBERS BETWEEN 12 AND 36 (BOILING RANGE FROM
350 TO 1050 DEG F) AND HAVING LESS THAN 5 MOL % TOTAL OF COMPOUNDS CONTAINING

OXYGEN, NITROGEN, AND SULFUR.
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12143&.XLS

IIT RESEARCH INSTITUTE

NATIONAL INSTITUTE FOR PETROLEUM AND ENERGY RESEARCH

P.O. BOX 2128, BARTLESVILLE, OK 74005

MASS SPECTROMETRY LABORATORY

22-COMPONENT HYDROCARBON TYPE ANALYSIS

CLIENT: CONSOL NIPER ACCT. NO: B06761

P.O. NO.

SAMPLEz 12143A. 12/14/93. HC22 ANAL. OF CONSOL 93 GL 613-6

AVERAGE RESULTS FROM SCANS 15, 16, 17

SATURATES AVE LV % SDEV AVE WT % SDEV

C(N)H(2N+2) PARAFFINS 8.0 0.5 7.1 0.5

C(N)H(2N) MONOCYCLOPARAFFINS 39.4 0.6 37.2 0.6

C(N)H(2N-2) DICYCLOPARAFFINS 20.4 0.2 21.2 0.2

C(N}H(2N-4) TRICYCLOPARAFFINS 4.2 0.2 4.6 0.2

C(N)H(2N-6) TETRACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-8) PENTACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-10) HEXACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C(N)H(2N-12) HEPTACYCLOPARAFFINS 0.0 0.0 0.0 0.0

TOTAL SATURATES 72.1 0.4 70.1 0.5

MONOAROMATICS

C(N)H(2N-6) ALKYLBENZENES 14.5 0.i 14.7 0.I

C(N)H(2N-8) BENZOCYCLOPARAFFINS 11.6 0.5 13.0 0.5

C(N)H(2N-IO) BENZODICYCLOPARAFFINS 0.0 0.0 0.0 0.0

DIAROMATICS

C(N)H(2N-12) NAPHTHALENES 1.6 0.i 2.0 0.I

C(N)H(2N-14) 0.0 0.0 0.0 0.0

C(N)H(2N-16) 0.0 0.0 O.0 0.0

TRIAROMATICS

C(N)H(2N-18) 0.0 0.0 0.0 0.i

C(N)H(2N-22) 0.0 0.0 0.0 0.0

TETRAAROMATICS

C(N)H(2N-24) 0.0 0.0 0.0 0.0

C(N)H(2N-28) 0.0 0.0 0.0 0.0

TOTAL AROMATICS 27.8 0.5 29.8 0.5

SULFUR COMPOUNDS

C(N)H(2N-4)S THIOPHENES 0.0 0.0 0.0 0.0

C(N}H(2N-IO)S BENZOTHIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-16)S DIBENZOTHIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-22)S NAPHTHOBENZOTHIOPHENES 0.0 0.0 0.0 0.0

TOTAL THIOPHENIC COMPOUNDS 0.0 0.0 0.0 0.0

CONTINUED ON PAGE 2
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12143A. XLS

CLIENT: CONSOL NIPER ACCT. NO: B06761

P.O. NO.

SAMPLE: 12143A. 12/14/93. HC22 ANAL. OF CONSOL 93 GL 613-6
AVERAGE RESULTS FROM SCANS 15, 16, 17

CONTINUATION FROM PAGE 1:

AVG SDEV

CARBON NUMBER 12.0 ---

MOLECULAR WEIGHT 164.0 ---

ELEMENTAL ANALYSIS:
WT % SDEV

C 86.9 0.0

H 13.1 0.0 i

THIOPHENIC S 0.0 0.0

N-D-M CARBON TYPE:
PCT SDEV

AROMATIC 14.7 0.2

NAPHTHENIC 46.1 0.3

PARAFFINIC 39.3 0.5

N-D-M RING TYPE:

NO. SDEV

AROMATIC 0.3 0.0

NAPHTHENIC 1.0 0.1

NOTE: THIS METHOD DETERMINES LISTED COMPOUND TYPES IN NONOLEFINIC HYDROCARBON

FRACTIONS WITH AVERAGE CARBON NUMBERS BETWEEN 12 AND 36 (BOILING RANGE FROM

350 TO 1050 DEG F) AND HAVING LESS THAN 5 MOL % TOTAL OF COMPOUNDS CONTAINING

OXYGEN, NITROGEN, AND SULFUR.
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12133C.XLS

IIT RESEARCH INSTITUTE

NATIONAL INSTITUTE FOR PETROLEUM AND ENERGY RESEARCH

P.O. BOX 2128, BARTLESVILLE, OK 74005

MASS SPECTROMETRY LABORATORY

22-COMPONENT HYDROCARBON TYPE ANALYSIS

CLIENT: CONSOL NIPER ACCT. NO: B06761
P.O. NO.

SAMPLE: 12133C. 12/13/93. HC22 ANAL. OF CONSOL 93 GL 613-4

AVERAGE RESULTS FROM SCANS 14, 15, 16

SATURATES AVE LV % SDEV AVE WT t SDEV

C(N}H(2N+2) PARAFFINS 7.5 0.5 6.5 0.4

C(N)H(2N) MONOCYCLOPARAFFINS 21.5 O. 6 19.8 O. 5

C(N)H(2N-2 ) D ICYCLOPARAFFINS 20.4 0.i 20.1 0.I

C (N )H (2N-4 ) TRICYCLOPARAFFINS 13 .1 0.3 13 .6 0 °3

C(N)H(2N-6) TETRACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C (N) H (2N-8 ) PENTACYCLOPARAFFINS 0.0 0 •0 0.0 0.0

C(N)H(2N-10) HEXACYCLOPARAFFINS 0.0 0.0 0.0 0.0

C (N )H (2N-12 ) HEPTACYCLOPARAFFINS 0.0 0 •0 0 .0 0.0

TOTAL SATURATES 62 .5 0 .3 60.1 0.2

MONOAROMATICS

C (N )H (2N-6 ) ALKYLBENZENES 7 .1 0 .2 7 .0 0 .2

C (N) H (2N-8) BENZOCYCLOPARAFFINS 16.5 O. 2 17 .5 O. 2

C(N)H(2N-IO) BENZOD ICYCLOPARAFF INS 6.6 0.2 7.1 0.2

D IAROMAT ICS

C(N)H(2N-12) NAPHTHALENES 5.7 0.2 6.5 0.2

C(N)H(2N-14) I.I 0.I 1.3 O.i

C(N)H(2N-16) 0.5 0.0 0.7 0.0

TRIAROMATICS

C(N)H(2N-18) 0.0 0.0 0.0 0.0

C(N)H(2N-22 ) 0.0 0.0 0.0 0.0

TETRAAROMATICS

C(N)H(2N-24) 0.0 0.0 0.0 0.0

C(N)H(2N-28) 0.0 0.0 0.0 0.0

TOTAL AROMATICS 37 .5 0 .3 40 .1 0 .3

SULFUR COMPOUNDS

C (N )H (2N-4 )S THIOPHENES 0 .0 0 .0 0 .0 0 .0

C(N)H(2N-10)S BENZOTHIOPHENES 0.0 0.0 0.0 0.0

C(N)H(2N-16}S D IBENZOTHIOPHENES 0.0 0.0 0.0 0.0

C (N )H (2N-22 )S NAPHTHOBENZOTHIOPHENES 0 .0 0 •0 0 .0 0.0

TOTAL THIOPHENIC COMPOUNDS 0 .0 0 .0 0 .0 O. 0

CONTINUED ON,PAGE 2
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12133C.XLS

CLIENT: CONSOL NIPER ACCT. NO: B06761
P.O. NO.

SAMPLE: 12133C. 12/13/93. HC22 ANAL. OF CONSOL 93 GL 613-4
AVERAGE RESULTS FROM SCANS 14, 15, 16

CONTINUATION FROM PAGE 1:

AVG SDEV
CARBON NUMBER 13.9 ---

MOLECULAR WEIGHT 191.1 ---

ELEMENTAL ANALYSIS:
WT % SDEV

C 87.5 0.0
H 12.5 0.0

THIOPHENIC S 0.0 0.0

N-D-M CARBON TYPE:
PCT SDEV

AROMATIC 18.3 0.i

NAPHTHENIC 46.1 0.4
PARAFFINIC 35°6 0.3

N-D-M RING TYPE:

NO. SDEV
AROMATIC 0.4 0.I

NAPHTHENIC 1.3 0.0

NOTE: THIS METHOD DETERMINES LISTED COMPOUND TYPES IN NONOLEFINIC HYDROCARBON

FRACTIONS WITH AVERAGE CARBON NUMBERS BETWEEN 12 AND 36 (BOILING RANGE FROM

350 TO 1050 DEG F) AND HAVING LESS THAN 5 MOL % TOTAL OF COMPOUNDS CONTAINING
OXYGEN, NITROGEN, AND SULFUR.
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