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ABSTRACT

Two Fischer-Tropsch feedstocks, one from hydrocracking of Arge wax. Lthe other a straight-run product from
modern DOE slurry reactor technology, were distilled ino 2 diesel range cut (350°-650°F) for comparison
with other diese! stocks. Three petroleum diesel fuel components, represeneive of different feed sources and
processing histories as well as the F-T diesel samples were distilled into narrow cutpoint fracuons of similar
boiling point petroleum samples included straight-run diesel, light coker gas oil, and light cycle oil. Each
stock was cut inwo 6 10 8 fractions. The overall goal was to select stacks and 0 create fractions for analysis
to determine the composition and properties that control combustion characteristics of each sample.
Laboratory tests included hydrocarbon type. density, elemental COMmposition. aromatic compasition, and other
properties.  Combustion characteristics included ignition performance in a constant volume combustion
apparams {CVCA) and exhaust gas composition. The CVCA igniton delay Lime measurements were
calibrated to provide predictions of the ceiane number. The resulis are discussed in terms of the éffects of
the measured properties on the ignition quality with emphasis on the distribution of cctane number across the
disullation range of the various components.

INTRODUCTION

Indirect coal liquids pose opportunities for diesel fuel both as a BTU source for motive force and as a high
cerane. low emission component for exhaust emissions control. The increasingly stringent restrictions on emissions
from diesel fucl-powered vehicles pose a challenge for both existing perroleum fuels and proposed fuels from
alternative sources. The EPA regulation limit govemning particulates reduced o 0.25 g/bhp-hr in 1991 for trucks
and to 0.1 g/bhp-hr for city buses in 1993, In 1994, the limit will drop 10 0.1 g/bhp-hr for all vehicies. It is
sxpected that Canada will adopt the same limits at a later date and Mexico will have similar standards for urban
vehicles. EPA has not prescribed the method for meeting the emissions requirements for diesel engines. Engine
manutacturers have performed significant development on cleaner engines without meeung the proposed standard
in ali cases. EPA issued regulations that limir sulfur contem g! gicsel fuel 1, 0.05 weight percent and imposed a
minumum 40 cetane index (0 “cap” aromatics content at present levels.” The Califomia Air Resources Board has
also announced regulations hat control diesel fuel sulfur content 10 less than 0.05 weight percent plus aromatics
1o less than 10 volume percent.

The available dara indicate that sulfur. aromaric, and cetane number control will add significantly to the cost
of producing diesel fuel. Moreover it is believed that the cost will increase further since the legislative forces
driving forward the quality of gasoline generally have adverse effects on the quality of diese! fuel feed and blending
stocks. These {actors, and the ultimarely limited supply of petroleum, place continued importance on the potential

role of coal liquids in ransportation fuel. This repornt presents the results o date 6f the work in progress on a Diescl -

Fuel Assay” with emphasis on the starus of the F-T components. With the broad objective of relating diesel exhaust
cmissions and performance 1o chemical composition and physical properties, the more specific concemns of the effect
of alkane branching and aromatic substituents will be addressed later. The choice of starung materials will give
insight about source and upgrading method as they affect ignition quality and emissions from different samples -
meetng the same limits on sulfur and aromancs. but with different processing histories.
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OBJECTIVE

This paper emphasizes a portion of the Diesel Fuel Assay comparing the two F-T diesels with the resulis
for the larger project. the overall objective of which is to detemmine the relationships between the fuel feedstocks
and fuel processing, and the fuel properties. composition, and combustion and emissions characteristics in a diese]
engine. The preliminary objectives in the work included producing a consistent set of performance. emission, and
composition measurements on 2 matrix of diesel fuel components distinguisned by source and processing history

emphasizing aromatics.
APPROACH

The approach for achieving these objectives was as follows: the petroleum components were reduced in
sulfur and aromatic content by pilot plant Lydrogenation before distillation into selected ranges of boiling points.
The resulting fractions of all feedstocks and products were analyzed for chemical composition and physical
properties that would be most revealing for ignition quality and parmiculate generation. Ail samples then are lested
for engine performance and emissions. .

BACKGROUND

It has been observed that sulfur and aromatics concentrations increase with boiling point. For example,
lower concentrations of aromatics and sulfur ypicaily occur in D-1 fuel whose boiling range of 300°- SSO°F is
lower than D-2 fuel with 350°-650°F. What has not been shown is which of the highest boiling components are
most responsible for paniculate emissions or which ccmponents of refinery streams would benefit the most from
processing to reduce emissions precursors. The approach used for determinung the effects of fuel composidon on
engne behavior has been to blend or measure ful] boiling range fuels for engine tests. For instance, the work a
the University of Wisconsir® and Pennsylvania State University® found Lintle effect on performance and emissionts
auributable to fuel composition. Other studies had different results. Weidmann found thar fuel properties have a
small. measurable effect on emissions using a VW 1.67 liter, 4-cylinder engine.? Hydrocarbon emissions were
found to be a function of fuel cetane number with volatility exerting a suonger influence for Jow cetane number
fuels Pamiculate formation was a strong function of fuel density and distillation range.

The work of Uliman®* demonstrated that dominant fuel parameters affecting diesel engine performance and
emissions are the sulfur content, the cetane number and the aromatics content. Recenuy reported work by Miyamoto
et al . McCarthy et al*, and Nikanjam® all confirmed these findings, with the general consensus thar sulfur conrent
has 2 significant effect on the particulate emissions, and the Cetane number may be the dominant factor in
conmolling both the pamiculate and the NOx emission. Very recent work by Cowley er al..'® indicates that these
trends are correct

Two F-T liquids are considered in the current work aganst the background of the petroleum stocks. The
2pproach will a2itempt 1o improve on the resolution of previous studies done with full-boiling test fuels by examining
the five starting materiais in nammow fractions of the diesel fuel boiling range. We will then correlate the resulting
measurements to emissions and performance indicators.

MATERIALS AND PROCESSING

Fischer-Tropsch Liquids - The first material was provided by the DOE Office of Coal Conversion. The
production and properties of the F-T distillate are fully described in the report of DOE Project 125501, "Arge Wax
Hydrocracking Smdy.” An imporied Arge wax was suhjected to hydrocracking 1o produce liquid ir: *he distillate

boiling range. In the Assay, this material is sesignated F-T1.

The second F-T sample was made by Air Products under DOE Contract.”  The materials were supplied
as hvdrocarbon hiquid and light wax. These samples were combined in a rato of 1.6:1 according 10 their proportion

1016



in production. This material. being lower in boiling range than the Arge wax, comtaned light process pils and
oxygenates. From this mixture a 350°-650°F straight run diesel sample was distilled, designated F-T2.

Both F-T liquids were fractionated into controlled boiling range samples. Batches of 2bour 40 liters were
distlled in a stainless steel distillation column under vacuum. These samples were reserved for lzboratory and

engine tesnng.

Petrolei:m Stocks and Products - Of the refinery sireams blended into diesel fuel, the higher boiling and
more aromatic ones are implicated in paniculate and hydrocarbon emissions. Accordingly, feedstocks for this study’
were chosen to include products from resid conversion and gas oil cracking. The test components chosen were:

« full-boilinz straight-run diese]l (SRD)
- light cy=iz oil from catalytic cracking (LCO)
» light coker gas oil (LCGO)

The parentheses enclose the abbreviated designations used in this paper. These materials were examined by the
same laboratory and engine tests as the two F-T samples with the addition of pilot plant processing 1o make
‘2dditional sampies with controlled sulfur and aromatics concentration.

Processing.  The three petroleum feedstocks were processed 1o reduce sulfur and aromatics then distilled
into analytical samples. The processing and distillation sequence is as shown in Figure 1. The LCO and LCGO
were hvdrogenaied at two severities [0 reduce sulfur 1o 0.05 M% and aromatic concentration (o 10V% {per ASTM
D1319). The SRD was natrally low in sulfur and was hydrotreated at one severity (o reduce 2rormatics io 10V %.

The hydrotreating was performed in the pilot plant of the U.S. DOE Aliemative Fuel Center at Southwest
Research Institute.™ The reactor was 2 fixed bed (7.5 foot x 2 inch diameter) conraining 1.56 gallons of Criterion
Triobe HDN 60 nickel molybdenum catalyst. The feedsiocks were preheated and fed to the 10p of the reactor bet
combined with hydrogen gas. After the reactor, two stages of pressure jetdown and product separation removed
unreacted hydrogen and byproduct gases. The hydrogen was cleaned and recycled. The product was stripped 10
remove light ends and dissolved gasas.

Distillation. Efforts to resolve fuels, such as these, into the individual components have been partially
successful in the laboratory. The number of components is extremely large, however, and it is therefore not possible
10 study the combustion of each individual component and all of the possible interactions among the various
components. A more practcal approach. and the one used in this project, is 1o separate the fuels into a reasonable
number of fractions by boiling range that can be studied in detail.

Each of the five feedstocks and the five hydrotreated products were distilled under vacuum into congruent
{corresponding cut point) boiling range fractions. The following boiling point ranges were selected for the cuts:

Fracum 1 Fraction 2 Fracuon 3 Fracnon 4 Fracion § Facun & Fracuon 7

[BP - 4T°F 210" - 380°F 480" . S20°F 3200 - S6C°F 3607 - 500°F 600" - 630°F W . =P

Approximately 40 liters of each material were charged 1o a stainless steel kettle and column. which was operated
along the lines of 2 ASTM D1160 distillation. The actual ranges of the sample fractions differad from these ideal
cuts and boiling range comparisons should be made among the cuts of closest temperature range rather than sampie .
number. With the oniginal five materials. the processed products, and ail their fractions, cighty samples comprised
the test fuel matrix for the Diesel Assay.

“DOE Subcontracr XS-2-12130-1
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SAMPLE TESTING

Laboratory Evaluation. As shown in Figure 1, the five basestocks. five hvdrotreated products, and their
distillation fractions were characterized by a schedule of physical and chemical tests and by combustor. experiments.
The results appear in the Appendix as Tables A through Al0. A more complete discussion appears in
reference 13. The set of labormory measurements listed in the tables are being applied 1o each of the 80 fractions
taade by vacuum distillation. The list inciudes 1wo measures of aromatic content, D1319 and the UV methed.
The flugrescent indicator analysis (ASTM D1319) is widespread in its use and included in emissicns regulations.
It is regularly applied to diescl fucl samples, although the method is designed for depentznized gasoline, and relies
on measurements of column length taken up by saturates, olefins. and aromatics made visible by fluorescent dve.
The volume percent aromatics determined this way cin be affected by cycloparaffins or polar materials. The low
aromatic content and high cvclopararfin contert of the F-T1 as well as the oxvgenates in F-T2 made the results of
D1319 unreliable for these samples.

The UV method compares sample absorbance at selected wavelengths with reference spectra of solutions
of aromadcs composed of representative compounds in the diesel hoiling range. Since the absorbance is
propertional 1o the aromatic rings, weight percent aromatic carbon is reported without regard 1o substituents. Both
methods are indirect; so instrumental analysis by GC/MS and NMR are indicated.

The hydrocarbon type determinations by ASTM D2425 are presented in Tables All through A15. This
method requires 2 separation of each sample into polar and nonpolar fractons and so is guite labonous. For this
reason, groups of samples were mixed to represent the middle poruon of the boiling range in some cases as noted
on the tables. It was believed that licle information would be lost by combining similar samples in this way. This
presumption was verified by measuring all samples for the low aromatic straight-run diesel. In these tables the usual
D2425 repor for saturates and aromatics was simplified into a unified listing of hvdrocarbon types for each sample.

The next set of results concemn the nuclear MAagnelic resonance speclroscopic examination of the samples.
The work was performad at the University of Utah Chemistry Depanment. Table A16 lists the regicns of chemical
shift into which the responses for the samples were divided. The instrumental procedures for the integration of these
samples included:

I. Long acquisition dme (ar) is used to guaranree the necessary digital resolution.

2. Wide spectral width (sw = 20000 —» 40ppm) is used 10 guarantee that ali protons are equally
excited.

3. Long d1 delay used to let protons fully recover between pulses.

The procedure for making the quantiative integration of the NMR spectra was as follows: Each spectrum
was first phased manually to have as flat a baseline as possible. Next the spectrum was individually referred 10 the
observed TMS line. Then the spectrum was accurately divided inte 5 chemical shift r=gions (Table Al6). The
baseline was again corrected with the TMS line also covered by a segment of integration Line. Integration was taken
after the segment has been removed.

The results for all samples are reported in Table 17. As the reproducibility of manual phasing could not
be well guaranteed, there is certain variability (uncerainty) with each value reporiec in the table. Repecated
integration on selected spectra and the vanability was estimated as around 1.0 percent. For example, 30.5 should
be read as 30.5 + 1.0 percent

COMBUSTION EXPERIMENTS
Absolute Cerane Number. Ignition quality was dctermined in a constant volume combustion apparatus
(CVCA) that uses a small quantuy of sample injected into a volume of hot air 10 simuiate the conditions in a

compression ignition engine cvlinder for cstimated cetane number. The CVCA is shown in Figure 2. The
equipment consists of the constant volume combustion bomb, a single-shot fuel injecuon system. and a data
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acquisition system to monitor the various temperatures and pressures as the fuel is injected ino the bomb. Ignites.
system. The pressures in the bomb is measured and used to d2termine the ignition delav and the combustion rates.

The CVCA has been used to determine the cetane number of unknown fuels using a technique in wnich
the igniticn delay time of the unknown fuels is compared 10 a caiibraton of cetane number versus the i 1griinion delay
time. The calibration is devcloped using severat different blends of the primary reference tuels, hexadecane and
heptamethylnonane. It has been observed in previous studies that the calibrations shift periodically. It has peen
found. however, that the calibrations can be checked and adjusted using the results of measurements of the 100CN
reference fuels. In the work reported here, the caltbrations were checked daily, and it was observed that the
calibrations did not shift appreciably over the duration of the measurements. The CVCA measurements were the

subject of refercnce 15.

Engine Tests The engine experiments were performed 2s two distinct sets of expenments. The fucis were
all first run the Variable Compression Ratio (VCR) engine to determine the cetane number using the VCR
techmques. Next the VCR was used 10 measure performance and emissions.

Cetane Rating The dara from the cetane rating experiments included the comopression ratic and cetane
number as well as high speed combustion data. The results of the cetane ratings are summarized in Tables A18
through A26. The cerane raungs and emissions data are included for reference. During these expenments the
cngine was operated at the same speed (1200 rpm), the same injection timing (12°BTDC), and the same air-fucl
rano «28:1) for all tests. The test procedure consisted of running the engine on the test fuel, at the above conditions.
and adjusung the compression ratio until combustion started at TDC. The compression ratio was then compared
10 a calibration equation of cetane numper as a function of compression rati0. obtained using several blends of the
pnmary and secondary reference fuels. Figure 3 shows the VCR cngine. Each of the test fucls were run in the
engine at five different conditions, representative of rated torque, rated power, and pan loads at the rated power
speed. The basis for selection of these conditions was an extensive engine mapping study that defined the rated
torque and rated power points. and the liming settings for best torque and also for the equivalent of a 5 gmyho-hr
NOx level.

Performance and Emissions The Mode 1 condition is representative of rated torque speed and overall
equivalence rado. using an injection timing (3°BTDC) for the controlled NOx condition on a bascline diesel fuei.
Mode 2 included the same speed and load conditions as Mode 1. but using the best 1orque injection timing for each
test fuel. Modes 3-5 are pan load conditions at the rate power speed. using a fixed timing of 3°BTDC.

These conditions were chosen 1o hoid constant the engine etfects which tend 1o dominare fuel effects 1n
comparisons of emissions.

The majority of the discussion will focus on results obtained in a single cylinder research engine designed
at SwRI for use in studying fuel effects on combustion. The engine. deseribed in detail of the basic design in a
previous paper-®. was modified for use in this work to be representative of current technology two-valve per cylinder
engines.

DISCUSSION

The extensive results presented in the appendix ¢and engine data on power and combustion efficiency) are
in the process of statistical cxamination at this time. Preliminany results from Mode 1 are discussed here as an
overvicw of the findings. A discussion of other aspects of the Mode 1 results is the subject of reference 17.

Iemirion Qualitv. The resulis for cetane number measured oy VCR engine and CVCA icchnique are
presented in Figure 4. The line of idcal agreement (slope = 1) is the diagonal line. The straight linc fit is displaced
{rom the idea] because the CVCA technique uses primary reference standards which behave differenty than the
secondary reference fuels used in the VCR engine and ASTM D613, It can be obscrved that the data are highly
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correlated by showing both methods. the consistent ignition behavior of the test fuels. The F-T1 points are the solid
circle, The F-T2 samples have not yet had the VCR determinations.

When all Mode 1 results are considered. the best regression model for the variation of cetane number as
a function of ihe independent fuel property variables, using linear terms, is

CN = -82.897 + 4.74 x WTPH + 00569 x
BPAVG + 09309 x NMRCH2

Where,
N = Cetane: Number
WTPH = Weight Percent Hydrogen
BPAVG = Average Boiling Poant (°F)

NMRCH,= NMR Paraffin and Alkyl Chain
The coefficient of determination (r*) was 0.88. Further staistical evaluarion is in progress.

The effect of boiling range for the straight run diesel (SRD) fuel and the Fischer-Tropsch (FT) distillate are
presented in Figure 5. The cetane number of these materials are higher than the other components and all three have
a high proportion of the cetane mmmber concentrated in the higher boiling point fractions. Since the suifur content
of the SRD was already very low, hydrotreating was used only to reduce the aromatic content of the fuel. Similar
to the other fuels, the processing was more effective in increasing the cetane number of the heavier fractions.

Of particular interest is the value of F-T distillate as a cetane blending siock. A blending sudy was made
in which that F-T was blended in different concentrations with each of the three petroleum blendstocks. These
swocks included a light cycle oil (LCO). a light coker gas o0il (LCGO). and a Jow sulfur diesel fuel. The cclane
number of these blends based on the CVCA technique are plotted in Figure 6 versus the concentration of the
blendstocks in the F-T fuel It can be seen that the cetane number appears to blend as a linear function of the
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concermation for the three materials. While the relatonships of Figure 6 are essentially linear. it is interesdng 1o
note hat the slight nonlinearity apparent on each curve grows as cerane number decreases:

Sample | Neat Cetane Number Max. Deviation from Linear, %
D-2 321 2.1

LCGO 29.2 6.6
LCO 15.9 18.7

These deviations are small enough to permit an approximation of the cetane number of F-T blends as linear
combinatuon of the volume weighted values of cetane number for = blend components.

Emissions Measurements The reduction of data for the results presented i ihe tables in the appendix is
far from complete. Of panicular note for the F-T matenals, statistical analysis of the Bosch Smoke No___.r
measurements indicated that fuel properties exert a significant effect in controlling vistble emissions. Fuel siructure
appears to dominate these relationships, with total aromatic content an important factor « all test conditions. Other
imporiant fuel prope:ties are the sulfur content, the aro- atic ring structu. 2. and the boiling point distribution. The
order of imponance of these properties varies as the engine load is reduced. with the boiling point distribution and
the viscosity becoming more important af the lighter loads. where the injection process might be more affected by
the ohysical properties than at the higher load conditions.

Another area where F-T liquids could have an imponant role is the contro! of NO, emissions. Scaner plots
of the NO, data indicated dominant effects of fuel compositon and cetane number 2t all but the lightest load
condition. These trends are demonstrated in the scanter plot of the fuel variables, presented in Figure 7 for the Mode
| condigor. The preliminary statistical analysis showed thar the aromatic content and structure of the alkv! groups
are important. A linear regression model for the Mode | NO, data is

NO, = 1.196 + 0.0183 x CN + 0.0806 x
NMRCH + 0.272 x NMRARO

Where,
NO, = Nitric Oxide (gm/hp-hr)
CN = Cetane Number
NMRARO = NMR Aromatic Ring Protons
NMRCH = NMR Mid-Alkyt Chain
NMR Naphthene Proton
NMR Mid-Chain Proton (Fis0.72)
CONCLLUSION

This paper records work (o date on an Assay of Diesel Fuel Composition, Propertes, Performance. and
Emissions. Emphasis was placed on the relative nature of the two Fischer-Tropsch materials included in the work.
The results for the petroleum stocks we:s fully included o permit this comparison. Work will continue on the
interpretadon of the experimental results.

It can be observed the F-T diesels showed superior performance by 1wo measurcs of cetane number
determinznot. F-T1 blended linearly with a wide spectrum of petroleum siocks in cetane number. The study of the
resuiss has not yet shown the coninbutions «f aromatics dilution versus paraffin structure in providing this good
cctane number behavior.

The smoke emissions arc controlled at all load conditions by the aromatic structure of the fuel. Boiling
point distribution and cetane number become significant at lighter load conditions where the injection process and
ignition ars more affected by these properties.

The NO, emissions are affected at all load conditions by the aromatic content and structure. Also significant
are the nature of the chain structures in the fuel and the cetane number.
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TABLE Al. LABORATORY ANALYSES FOR DIESEL FROM
FISCHER-TROPSCH ARGE WAX (F-T1)
ASTM™M Fexd Frac 1 Frac. 2 roc 3 Frau 4 Frae. 5 Frac 6 Frac 7
Tes Method | FL-184G | FL-1398 | FL-18% | FL-i900 | FL (901 | FL-1902 | FL-1503 | FL-1904
TBP Cw Pis. °F . <00 | 400420 | «aw0as0 | 480520 | 520560 | seoe00 | 00+
Yidd V% 020 | 20315 | 315425 | azsse | sae | erms | s25.00
V% of Fraction 20% 115 110 us |10 155 17.5
Densiry D 1298 |
Sp. Graviry orro | ors® | o762 | ot | o7rm | oms | omis | o79%0
*AP1 506 562 53.9 520 503 | 487 | 473 456
gl { o7I67T | 075% | 07630 | 07708 | 0770 | o7& | 0910 | 0758
Distillstion, *F D %6 ’ '
IBP/S% 368396 | 336352 | 386395 | 424436 | 6T | S1uS19 | samsss | sesens
10730% saorase | 3556z | 9708 | dmess | arwass | savszs | sswsez | eoven:
S070% sousso | 3Tnes | uews | asveer | asvess | sauss | sewsni | ersmis
90/95% 592606 | 420/438 | aswacd | a7s/a82 | SOUSHL | S4sise9 | S79/583 | ea%e3d
EP 620 456 474 188 £21 ss7 539 638
Carbon, WS, D17e | 8as2 | 843 84.68 3178 850 s195 | 8518 3493
Hydrogen, W% 1502 | 1539 15.44 1529 5.0 120 | 14 1522
Sulfiz, W D262 | 0003 | 0001 0.003 0.0m eom | oot | oo 0.003
Hydrocarbon D 1319
Type
Aromatics vol % 11 13 : : 09 | 14
Olefins 11 06 . . 0s . - 08
Samrmes 973 98.1 982 - . 97.8
Vis. @ 40°C Dass | a2 1.16 148 1.85 237 | in 401 sn
@ 100°C 105 062 078 0.86 oz | 1z 1.46 1.88
RI @ 20°C Di2is | 1932 | 1626 | 1as6 | 1430 | 1e3as | 1ow | ean | 1as0
Cetane No. CVCA | 643 512 60.1 6.0 721 11 523 573
Cetane in'ex D976 | Ts4 627 619 710 73 | mas 751 746
par37 | s14 672 73 789 842 | 04 95.4 1022
hY TotaL | 02 04 03 02 02 a1 o1 01
Aroeuatics MONO | 02 0.3 03 02 02 0.1 01 01
Analyses DI 00 00 00 c.0 00 o 00 00
Wik Total TRI 0.0 20 ao 00 Q0 c-o o0 o0
Carbon
Qoudiu.*CrF | D500 | o | <676 | ssie7 | sonss | was |osws | o 1734
| Pour v oCPF D97 204 | <616 | 35067 45/-49 asta | ozsen boam 4125
| Amline P *C/°T Dl 92.8/199 80.6N173 34.01183 58.6192 920/198 | 9637205 l 99. 71212 104.T/21
Smoke Pt mm | D1322 | 35 -50 +50 -50 .15 235 | -3 NIA
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A ST RATE T KN PR LY SES FOR ,
Test ASTM FL-2095 Frac | Frac 2 Frac 3 Frac 4 Frac 5 Frac 6 Frac 7 -]
Method FL-2115 | FL-2116 | FL21i7 | FL-2118 | FL2119 | F1.2130 | FL 3131
TBP Cut Points i 300400 | 400440 | 340480 | 480-520 | 520-580 | s580-600 | 600+ |
V9 of Fraction : 16.3 10.1 120 | 105 182 17.3 15.7:'
Density D1298 i
Sp. Gravity 08081 | 07783 | 07936 | 08058 | 08086 | 08103 | 08:32 | 08146
<API 436 503 | 468 4] 43.5 43.1 425 422
| gml 08077 | 07780 | 07932 | 0805: | 058082 | 08100 | 08128 | 08142
Disuliation
IBP 363 206 | 316 358 392 442 482 529
10% 406 273 334 380 424 468 514 557
50% 509 306 354 403 442 489 537 571
90% 588 354 395 442 470 | 508 553 585 -
EP 627 392 428 537 522 526 565 603
Carbon, M% D5291 8262 | 798 | 7778 | som | 8217 82.03 8272 8421
Hydrogen. M% 13.76 13.11 13.27 13.54 13.88 13.39 1349 13.96
Suifur, M% D2628 | 0031 | 0001 | <0001 | 0002 | 0001 0.003 0003 | <0.00
Hydrocarbon D1319 Unreliable readings
Type ‘
Aromatics l li
Olefins |
Sawrales |
Vis. @ 40°C 2525t ! 089 1.16 158 | 2m 2 .48 3.14 3.75
@ 100°C | 108 ¢St | 049 o6t | o076 | o090 1.07 1.27 1.49
RL@ 20°C | | 1a1a | 1a196 | 14274 | 14339 | 14381 | radar | rassi | 14476 |
Cetane No. cvea | 824 346 470 528 | 665 692 | 793 949 |
Cetane Index D976 | 622 289 373 247 51.6 sss | 632 65.5
D4737 64.6 35.3 205 62 | sig 63.2 723 80.1
Ring Carbon Uv ! I |
MONO 1.6 2.0 21 20 | s 1.7 2.1 0.8
DI 0.1 0.0 00 i 01 | s 0.1 0.1 0.0 .
I TRI 0.0 00 ! 00 | o1 ' 02 | ox 0.0 00
 1oud Point D2500 -55C less 84°C | -36°C | -25°C 12°C 1°C 9°C
| = | | .
Pour Point D97 7°C less 57°C 3vc | o2ec | oaze 1 ogec 7°¢ f‘,
= ; |
Aniline Point D611 332 162 ! o200 | 217 1 ;2 374 50.1 661 i
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TABLE A3, LABORATORY ANALYSES FOR
STRAIGHT RUN DIESEL

\
Test AST™ I Feed Fre | Frac. 2 Frc 3 Frac 4 I Frac. § Frc 6 Frac 7 Frac. § I
Method | FL-i627 | 711793 | FL-179a | LTS [ FL1796 | FL1797 | Ti-1798 | FL-1799 | FL1800 |
TB? Cut Pus. F <00 300-340 330480 | ss0-520 | s20-560 | ss0-600 600-640 690+ |
Cut Ra:ze. V% | orns 115205 | 205285 | 28545 | 15615 | 615755 | 755865 | 265.100 |
Yield. V& | s 3.0 2.0 165 | 1es 12.0 o | 13s
Sp. Gr.@ 60F D 1258 £.8458 2146 0.8445 08483 | 08483 | 05448 38473 0558 | 08633 |
Gravity, API 358 22 26.1 353 353 36.0 355 313 124 |
Densiry. ghml 0.8453 0.8142 0.8440 08479 | 08:79 | 08443 25169 08582 | g6 |
Dislaton. F D36 !
IBPIS% IS8 | 82m4 | 452463 | a76iasa | sousoe | s3esaz | Tvst6 | 610616 | 657663 |
10/30% 466523 | 338377 | <65/473 | 486/402 | S14/518 | Saa/sa6 | TBISBL | 6170620 | 6660669 |
50/70% SSUSBL | 304425 | sonss | somss06 | s23/527 | ssosss | csusse | saweds | eTwert |
90/95% s35657 | aswasz | cousos | sis21 | seusso | seuses | covec2 | e3eess 687651 |
EP 672 | 218 515 529 556 l 576 610 843 8 |
Carbon, W% D3178 26.82 56.64 §7.08 $7.14 $7.10 £7.06 627 3647 8638 |
Hydrogen, W% 1331 1282 12.49 12.44 12.56 12.69 1359 13.41 1339 |
Sulfur, W D672 0052 0.007 00'3 0.018 0.026 0.043 2073 0.121 ot |
HC Type. V% D1315
Aromancs 26 234 245 250 254 233 29 237 100
heavy
Olefins 16 11 1.0 15 16 16 11 12 100
_ heavy
Samrates 747 755 745 735 730 751 6.0 75.1 oo
heavy
Vis ¢St @ 40C D445 152 126 2.28 260 318 385 <00 6.85 a1 |
St @ 100C 134 0.58 009 1.10 1.25 1.42 50 2.08 279 |
RI@20C D1218 14718 . 1550 14717 14742 | 14717 | ran 1726 1.4787 14873 |
Cetane No, cveca 562 339 Al a0.5 425 35.1 452 . .
Cetane Index D976 526 114 a3 160 49.0 528 a5 527 20 |
D4757 546 15 4s.] 470 522 593 5.8 66.2 207 |
Aromauc C W Ly r
Teal 11 123 135 13.3 12.5 10.8 57 93 172
Mono-aromrane 43 79 a6 a3 a3 10 32 31 52 |
Di-aromat:c sg | 14 8.6 8 4 57 17 3.5 62 |
TA-sromanc 13 j o1 D4 0.4 08 ; 12 .8 27 52
oA P CF D500 e | -28/-18 2176 237 1 s < 43 12154 697
rour Pv. CIF | Do7 N 25013 130 1210 1 a7 - 13 1559 | 9
Anidine P, C/ F | D611 | 730063 | 23130 | e24n4s | e1anss | esenss | cconer | sxi17e | 821180 | ss.anst .
| _Smoke Pone. mm D 132 172 | s 157 150 153 | e 52 NA 1 A
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TABLE A4. LABORATORY ANALYSES FOR
LOW AROMATICS STRAIGHT RUN DIESEL

AST™M Fred Frac. | Frac 2 Frac. 3 Frac 4 Frac § Frac & Frac 7 Frac. 8
Te Method | FLET3 | FLAETS | FL-ISTT | FLET8 | FL.S™ | FL18s0 | FLotost | Froiame FL1883
TBP Cut Pis*F BP400 | 400440 | aa0-180 | 430520 | 520560 | 560600 | 600640 640 +
Cut Range, V&% 0-5 515 15245 | 245395 | 19556 | sem3s | 7msgm $7.100
Yield, V& 5 10 95 15 165 17.5 135 13
Sp Gr@®6F | D1298 | 08280 | 07892 0.8251 0.8373 08368 | 08304 | 0826 | 0314 0.8373
Gravity, *AP! 39.4 478 400 175 376 89 40.1 387 75
Densiry, gimL 038276 | 07888 0.8247 0.8368 08%4 | 0830 | o0s242 | g 0.9368
Disnllarion, °F D36
IBP:S% 22380 | W2 | 36161 | azmaes | a0 | sawsae | ssensst | eosiens 659/670
" 1080% UK | 247258 | 386796 | estvass | asvsee | sawsis | sewsm | eisirs 673677
S0/70% S357T2 | 270297 | 404418 | asorss: | asuson | s3wsas | szvsseo 6200624 | 683688
50/95% 620664 | 373336 | 438447 | cra480 | siwsis | ssusst | sszsr 6311635 | 6997708
EP 664 351 ass 488 2% 562 597 641 75
Carbon W% D3178 | s559 $6.61 86.26 86.07 86.00 85.87 £5.80 85.62 85.68
Hydrogen, W% 14.86 13.62 14.03 13.91 Mol | a3 14,50 14.67 1453
Sulfur, W 0262 | <oom <0.001 <0.001 <0.001 <0001 | <0001 | <0001 <0.001 <0.001
HC Type, V% D 1319
Aromauics 98 27 146 149 128 9.1 7.6 76 NA
Ofefins 0.6 07 09 09 22 | g 1.0 238 NA
Sawrates 39.6 769 845 842 858 | s 914 89.6 NA
Vis, ct @ 40°C | D445 3.17 075 143 212 21 | 34 43s 5.89 8.70
St @ 100°C 129 0.45 075 | o6 16 | 132 158 194 254
RI @ 20°C Di218 | 1.45%0 1.4408 14557 14610 L3508 | 11576 | 1.4ses 1.4595 NA
Ceume No. cvea | 613 2.1 317 386 a3 | sss 642 9.1 .
Cetane Index D96 | 577 13.0 374 26 93 | se7 62,1 617 605
Dars1 | 60l px} 38.1 427 513 | eas 78.4 815 822
Aromasic_ °C, V&% | TV i | |
Towal 33 77 5.8 50 3s I 26 15 11 08
Mono-aromaue 10 77 5.6 46 30 1 aa 13 09 06
Di-aramauc 0.3 G.] ' 03 04 0= J 03 0.2 22 0.2
Tri-aromatc C.o 00 0.0 00 0.0 00 0.0 00 00
Qud M. "CPF | D2500 | 134 | <78-108 | -53/63 | -3¢/.29 204 | 96 0532 15/59 26119
Pour PL, *CF D97 327 | <708 | sire0 | a33m a8 | 29 n7 16/61] 28/m2
Amdre PeICPF | D6n | s0an77 | 35496 | 70017 | esoner | 727063 | sionvs | ssens: 9327200 | 1007215
Smoke Point, mm | D 132 55 205 s 212 9 | 259 296 NA NA
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TAEBLE A5. LABORATORY ANALYSES FOR

LIGHT COKER GAS GIL

Smoke Pomt, mun

ASTM Feed Frac 1 Frac 2 Frac. 3 Frc 4 Frac. 5 Frac 6
Method FL-1440 FL-1546 FL-1547 Fl-1548 FL-1549 FL-1550 FL-1551]
TBP Cut Pu. °F 330-440 440-480 280-520 520-560 560-600 600-651
Cur Range, V% 025 25427 427.59.7 567758 75.8.88.8 88 8100
Yield, V% 250 17.7 17.0 16.t 13.0 112
Sp. Gravity @ 60°F D 1298 0.8676 0.8403 0.8585 0.8740 2887 0.8927 0.9094
Graviry, *API 316 369 337 304 230 7.0 24.1
Densizy, g/mL 0.8671 0.3‘398 0.8561 08735 0.8867 0.8922 0.9089
Displlarion, °F D 86
BPS% 385/420 3797391 440/445 480/485 5211529 5597564 2951601
1030% 4350461 395/403 4460451 4847491 53533 5657569 603/606
5070% 492/528 410/4)7 456/462 495/500 53541 571574 609/614
90/95% 574/590 429/436 473:478 508/512 547551 580/583 624635
|24 6038 451 491 526 565 595 645
Carbon, W% D 3178 85.18 8536 85.70 8568 85.77 85.96 £5.82
Hydrogen, W 1258 13.16 12.46 12.35 1209 12.27 (1.97
Sulfr. W% D2 1.41 1.16 1.08 1.36 “1.48 132 1.33
HC Type. V% D 1319
Aramatics 524 29.1 18 337 64 49.0 100 hesvy
Olefim 59 180 11.0 15.8 127 149 100 heavy
Satarmes 417 529 512 455 ane 36.1 100 heav
Y
Vic. St @ 40°C D 445 2156 1.46 201 el 397 5.64 10.08
St @ 1G°C 1.10 07 0.50 1.1 1.0 1.69 240
RI @ 20°C D 1218 1.4797 1.4629 1.4729 1.4831 1.4907 1.4942 Too dark
Cetane Na CVCA 290 2556 219 301 291 328 nz
Cetane Index D ¢76 393 333 370 379 392 406 388
D 4737 387 320 319 56 375 412 412
Asomatc *C, W% v
Toaad 15.7 114 [3.8 144 151 14.7 152
Mono-aromanir 8.4 9.1 86 1.1 6.7 6.2 56
Ch-aromanc 59 16 14 6.3 ' e 6.8 6.1
T ri-mrcanms 14 06 0s 1.0 : b | W7 35
Cloud Point, °CFF D 2500 Too dark £5/-85 -54/65 -338/-36 : 2717 216 Too dark
Pour Poans, *CIF 297 30022 -65/-85 -55/-67 -38/-36 I T PaYE-} 523
 Amline Poug, “C/°F O 611 471.6/118 43.4/110 46.7116 HUILE i 1%.0/120 53.4/128 Too dark
D132 13.3 16.6 16.7 12.4 —|} 1.9 11.0 NA
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TLBLE A6. LABORATORY ANALYSES FOR
LOW SULFUR LICHT COKER CAS OIL

ASTM |  Feed Frac | Frac 2 Frac 3 Frac 4 Frac 5 Frac 6
Test Mehod | FL-1342 | FL-1862 | FL-1863 | FL-1864 FL-1865 | FL.1866 | FL-1867
TBP Cut Pis.F | <400 400-440 430-480 480-520 | S20-560 560+
Cut Range, V% I 0135 135290 | 200485 | 485665 | 665-820 | 52100
Yisld, V& [ 125 155 195 180 155 180
Sp Gr. @ 60°F D1298 | 08463 08184 08299 0.8403 0.8521 0.8628 0.8697
Gavity, ®API 357 14 39.0 69 345 325 312
Densiry, g/mL 0.8458 0.8180 G.5295 .8398 08520 0.8623 0.3692
Disullaven. *F D86
BPIS% Isvale | 337384 3797395 217430 asuaT2 | sowsio | ssarses
1030% D aamesa | 360074 399/407 432439 a8 | s1us1s | sevsT2
50/70% P - 2150425 447/456 134/492 | s2ys29 | s77s8e
9085% 553572 | 4amad 342/453 373/481 504512 | S39/5a3 | 598/607
[ I se9 157 167 492 526 550 624
Carbon W% D378 | 8585 86.48 $6.43 5659 - 86.99 £6.74 $6.72
Hydcogen, W% | 1331 13.66 1359 1354 13.18 13.17 1296
Sulfur, W% D2%2 | 004 0607 0.009 0014 0.024 0.041 0.052
HC Type, V% D 1319 |
Aromatics | 21s 2.1 29 247 282 325 312
Olefins 21 L9 13 19 1.9 16 %
Samrues 70.4 76.0 753 T34 9.9 65.9 615
Vis. ¢St @ 40°C Dsas | 231 1.26 152 1.90 252 3.45 <81
St @ 100°C @ 0.58 0.76 087 1.06 130 158
RI @ 20°C D18 - 1367 1.4537 1.4596 14646 14716 14771 1.4810
Cetame No. Cvea . 333 23 295 292 30.4 137 78 |
Cetane Index D576 135 36.4 380 307 27 e 472
D 4737 335 37.4 382 05 27 455 526
Aromauc °C, W% Ly
Tow 10.5 10.0 109 102 1.0 112 a
Mono-arcrmatic 32 94 9.8 5.4 82 77 72
Dh-aromauc 23 0.6 1.0 1.8 2B 3.4 3.5
Tn-aromauc 00 0 l o o 0 ot 07
Cloud Pr.. *CI°F D250 35 <-65/-85 62/-80 48/.54 -38/-36 27117 525 |
Pour PL, *C/°F DOT - 38136 | <6585 6/-80 -a5/49 35431 27417 2128
Anline Py, °CPF Deit ! s8ai37 | 517025 | sasnae | se2nas | ss2n3r | e12n42 | ssensy
Smoke Point, mm DI3Z | 162 191 183 16.7 155 147 14.1
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TABLE A7. LABORATORY ANALYSES FOR
LOW AROMATICS LIGHT COKER GAS OIL

ASTM Feed | Fac1 Frc 2 Frae 3 Frac. 4 Frac 5 Frc 6 Frac 7
Test Method | FL-1443 | FL.1597 | FL.1598 | FL-i599 | FL-1600 | FL-1601 | FL-1602 | FL-1633
| TBP Cu 5. °F . 326400 | 300430 | 440480 | 480-520 | s20-560 | 560600 | 600-726
Cut Range, V% 0.8.5 8.5.24 29423 | 923584 | 534734 | 73.4.859 | 855-100
Yield, V% . . 8.5 155 183 16.] 15.0 12.5 140
Sp.Gr.@60°F | D1298 | 038393 | 08203 2.8265 0.8324 0.8418 0.8450 08498 0852
Gravity, *API 371 4Ll 39.7 385 366 35.1 35.C 34.5
Denary, gAnl 08388 | 08198 0.8261 0.8319 0.8413 0.8456 0.8454 08518
Dissillasion, °F D 8
IBP/S% atz29 | 358471 | 394401 | 20536 | aseaT2 | ao%506 | S3US4T | sasssoa
10730% 4360464 | 374382 | 404410 | a3mraaz | a74/479 | soms12 | sassss2 | s9sso9
S0/70% 401/526 | I90/a00 | 417425 | 44sras3 | 483491 | S1&S22 | 5544560 | 602610
$0/55% STGIS9T | arasa2l | asvad9 | a6w477 | S0%/S09 | S3NS36 | SeasTO | 622632
EP 612 ' 430 166 485 520 546 574 644
Carbon. W% D378 | 8629 | 8622 86.40 8653 86.53 36.66 86.42 §6.73
Hydrogen, W% 1369 1350 1352 1351 13.41 1335 13.41 1358
Sulfur, W% D2w2 | <0.001 0.003 <0.001 <0.001 <0001 <0.001 0.002 0.002
HC Type, V% D 1319
Aromancs 104 105 9.1 8.7 102 119 13.0 143
Olefins 0.4 07 25 06 05 07 09 1.0
Sawrates 392 388 90.4 90.7 $5.3 §7.4 86.1 847
Vis. cSt @ 40°C D a45 267 138 158 198 261 337 463 7.10
St @ 100°C 1.10 0.69 078 0.50 1.08 1.28 155 207
RI @ 20°C DI1218 | 14608 | 14509 1.4539 L4569 1.4616 1.4652 1.46582 1.4676
Cetane No. cvca 377 232 305 117 337 39.0 . 549
Ceume Index D976 280 36.1 39.7 436 462 479 517 538
D 4737 492 36.6 399 34.0 472 50.6 517 659
Aromatic °C, W% | UV
Toal 13 as 19 35 34 13 27 22
Mooo-sramauc 30 | a3 37 33 3 29 23 1.8
Di-aromauc 03 02 0.2 03 04 0.4 04 0.4
Tr-aromatic o] 4] 0 4] ] al o 0
Cloud Pr. *CPF D2500 | -28/-18 | <4858 | <854 | <aB-s4 | 4142 /24 216 ns
Pour PL. °CF D97 | 3327 | <4854 | <agiSa | <=irsa | 37035 28118 am ans
Aniline PL_°CPF | D611 | 7120160 | $7.4135 | 6291145 | s60s151 | 695157 | 730163 | 797175 | ss.ens
Smoke Point, mm | D 1322 23.1 259 238 235 224 210 227 NA
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TABLE A8. LABORATORY ANALYSES FOR
LIGHT CYCLE OIL

Ten ASTM Feed Frnc 1 Frac. 2 Frac. 2 Frac. 4 Frae § Frac 6 Frac. 7
Method | FL-1538 | FL-1555 | FL-1556 | FL-1557 | FLASS8 | FL-1SS9 | FL-1560 | FL.1S61
TBP Cut Pis. °F . 367440 | 440480 | 130520 | 520560 | 560600 | 600640 | 640689
Cut Range, V% 0-89 £9-181 | 18.1-38 38.53 536713 | 61379 | 79.00
Yield, V% . 5 92 19.9 i5.0 143 1.7 21.0
SR Gr@60°F | D1298 | 09490 | 08849 05147 09321 09430 | 09541 09685 | 09979
Gravity, "APT 176 154 212 203 18.4 16.8 146 103
Densiry, giml 09485 | CB8saa 09142 09316 09434 0953 | 09679 | 09973
Disallazion, °F D 86
BP/% 367457 | 232384 | 44vaas | 377481 | s08/518 | saxsas | srusm2 | erevsss
10730% 476/509 | 334397 | 447455 | a83ja86 | SIS/S18 | 348550 | S83,586 | 643/e4s
S0770% S3G/ST3 | 410r424 | asorasa | ao0ia92 | s1usas | ssusss | sswrse1 | esisess
905% 633/656 | 343449 | 27379 | a99s503 | s3uss3a | sewses | omeo | 677709
EP - 689 <60 492 518 544 575 614 734
Carbon, W% D373 | 8884 $9.00 3936 88.63 39.80 $9.97 $5.41 88.67
Hydrogen, W% 9.84 1074 10.08 969 9.65 9.70 0.4 9.18
Sulfur, W% D 2622 0.69 01 0.35 0.45 0.41 032 n.57 1.85
HC Type. V% D 1319
Aromancs 755 266 74.1 772 8.7 308 $1.0 750
Olefins 36 23 54 5.1 45 3.0 10 L3
Sawrates 209 207 205 177 138 162 16.0 232
Vis. et @ 40°C | D &5 116 | 128 173 214 278 374 547 11.38
St @ 100°C [ 120 | oes 0381 094 1.09 131 164 2.40
RI @ 20°C D28 | 15537 | :so; 15279 15431 15632 1552 | 1seal 1.5866
Cetme No. ovea | 155 | sz 17.0 .. 119 156 | 163 19.1
Cetane Indes, D976 | 281 202 26 1.8 255 261 269 219
D4737 1 238 193 17.5 17.0 181 19.5 19.7 17.6
Aromatic °C. W% | UV }
Total | 437 s 553 | s12 60.6 6.1 1.2 267
Mono-aromatic 63 267 145 6.8 5.1 33 1 é4
Di-aromatc 283 150 198 596 519 372 252 11.8
Tri-arormalc g1 0.8 1.0 0.8 1.6 22 6.3 19.6
Coud . °CFF | D2500 | -1014 | <ose85 | 15749 0740 | 35031 22/8 .3/18 o148
Pour P, "CF D97 | 1210 | <5185 | 45749 20140 | 3531 228 916 9ra8
Aniline Pv. *CPF | D611 | 9850 523 0.5/33 13734 2.0n6 6.5/44 173563 | 31083
| Smoke Pomt mm | DI3Z2 I 62 T2 | 60 6.2 60 5.1 53 4l
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TABLE AS. LABORATORY ANALYSES FOR
LOW SULFUR LIGHT CYCLE OIL

ASTM Base Frac. 1 Frac 2 Frae 3 Frac. 4 Foc 5 Frac 6 Fre 7
Test Method | FL-1615 | FL-1850 | FL-I851 | FL-185S2 | FL-1853 | FL-1854 | TL-1855 FL-1856
TBP Cu Pus. °F 400430 | 440480 | 480-520 | S20-56C | 560600 | 600-6%0 510+
Cut Range, V% 0123 12328 | 28485 | 48.5-65 65791 | 79.0.80.1 $9.1.100
Yield, V% 123 157 205 165 141 100 109

Sp. Gr. 60°F . 05200 | 0.B849 05082 0.9153 0.9230 09352 0.9484 0.9497
Gravity, *API 223 284 243 23] 218 98 | 177 175
Denury. gimL 09195 0.8844 0.9077 09147 g.9225 0537 | 09amm 09451

Distilfanon, °F D 86 I

BPS% 936 | 31356 | a2maa0 | asmmass | aosssoz | s3ysat ‘ 593/593 641/645
16730% 4620491 | 370303 | aaause | a7uars | osonsio | sayses | sessses 650/655
50/70% SI&/SST | a2a53at | a6TETO | 28%498 | S19/520 | S57ses | 603609 6631673
9095% 614/642 | 169/48] | SQUSIE6 | 521533 | S49/559 | ST/5ES | 61722 007
EP . 682 519 Sut 548 52 595 | &0 738

Carbon, W% DITR |  89.08 1879 2936 £9.16 89.40 8969 | 89.80 89.41
Hydrogen, W% 10.65 11.03 11.1C 1.07 11.04 078 | 1050 1086 °
Sulfur, W D262 | 0026 0.005 0.002 0.003 0.004 0.006 0.040 0114
HCT x. V% D 1319

Aromatics ! 731 69.1 736 760 76.0 76.7 763 Too

dark

Olefins 06 1.0 12 20 1.0 1.0

Saraes 26.9 303 254 28 20 2. ok

Vis. eSc @ 40°C D 445 2 139 1.99 234 285 a1 ! s 13.87
St @ 100°C 1.16 0.70 0.88 0.99 1.02 136 | 18§ 289
RI @ 20°C D1218 | 15249 14980 15125 15185 1.5264 15358 1.5466 15505
| Criuane No. CvCa 179 . 140 154 153 173 136 19.9
Ceune Index D 976 29.8 231 253 2659 292 304 309 321
D 4737 286 206 21 214 251 %0 | 77 “3ss
Aromanc *C, W% LV .

Towal 358 29.1 354 158 3648 331 328 319
Mone-aromane 16.6 13 225 204 167 ns | es 4
Di-aromanc 150 5.8 125 151 15.0 ve | 175 9.5

| Tr-smmanc i a2 ) o 0 12 ek IR TS 201

! Qodm.ocrE | Dasoo | v | cesras | eote | avas | 3w2e as0 L am 100 dark

| Poo: Pr. *CrF | por | 2513 | <esrss | sam 3.5 3022 a80 ¢ 0m2 16061 |
‘ Andine Pr, *C/°F 0611 16.6M2 <8/46 8/46 8/46 14.0r57 170/63 292185 55227126 !
l[ Smoke Pant D132 71 8.7 T 7.1 T3 R | £ NA ]i
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TABLE Al0. LABORATORY ANALYSES FOR
LOW AROMATICS LIGHT CYCLE OIL

Test AST™ Feed Fre ] Frac 2 Frac 3 Frac. 4 Frac. 5 Fac & Frac 7
Method FL-1562 FL-1566 FL-1567 FL-1568 FL-1569 Fi-1570 FL-isT FL-1572
TBP Cut Pxs. °F - 326400 200440 440480 480-520 520-560 S60-600 600-746
Cut Range, V% c-11.3 11.3-25.2 1343 43-61.3 613-76.4 T64-Bbu 86.4-100
Yield, V% 113 139 17.8 183 15.1 10.0 116
Sp. Gr. @ 60°F D 1298 0.8628 0.8483 0.8628 0.8681 0.8713 0.8740 0.8733 0.8453
Graviry, °API 325 353 25 315 309 304 31.0 359
Density, g/mb 0.8623 0.3479 03823 0.8676 0.5708 0.8735 087133 0.83:8
Dlsn.l.lauon_ °F DBs
IBP/5% 390/419 340354 402411 439/444 4705476 511513 $23/546 559/603
1030% 433/463 3627372 112/416 446/450 477/382 514/517 547/550 ‘6061613
S5.70% 485/518 38496 122426 454/459 486/490 ;520/523 82556 620/636
0R5% SE1/617 2067411 434/439 ) 4700474 499/501 5307534 £61/565 655/654
EP 657 11% 453 488 514 544 574 715
Carbon W% D3178 $6.49 86.67. 86.78 86.73 86.73 36.68 BG5S £5.07
Hydrogen, W% 13.55 13.19 13.26 13.04 13.08 13.04 13.07 " 13.80
Sulfur, WS D262 0.003 <0.00] <0.001 «<0.00] <0.001 <0.001 <0.001 <(.001
HC Type, V% D 1319 '
Aromatics 10,10 126 9.1 11.7 11.6 99 ‘103 3.1
Olefins 06 0.3 0.9 0s 07 ce 1.1 09
Saturates 393 366 50.0 87.5 1.7 39.2 B8.6 1.0
Vis. et @ 40°C D 445 2.66 1.33 1.7 17 21 3.50 1.41 1.m
cS1 @ 100°C 1.11 3.70 0.34 1.12 1.12 1.32 1.5¢ 2.15
Rl @ 20°C D 1218 1.4708 1.4621 1.4681 1.4716 1.473¢ 1.4750 1.4741 1.4645
Celane Na. Ccvca 384 2 245 301 3La 96 121 2
Cetane Indea D976 40.1 246 28.8 333 374 30.9 5.0 56.9
D 4737 398 236 26.7 312 355 105 273 T2.6
Aromatic °C. W% | UV
Taal is 56 3.6 4.l 39 29 25 1.4
Monc-aromatic i1 54 la 3.7 34 2. 20 1.0
D¥i-aromauc a.4 oz 02 0.4 Q.5 0.4 0.5 04
Tri-aromauc 0 0 Q 0 0 0 i 0 o
Coud P °CFF | D2500 | 139 | »50-58 | >5058 | >50-58 | >50.58 | <0541 | 25508 | -12ss4
Pour P, *CF D97 -19/-2 »>-50/-58 »-50/-58 >-50/-58 »-50/-58 11742 r 27518 +9/48
Amime P, *C/F D61l 63.6/146 23.0/109 49.3/121 53.7/129 585177 66.3/151 ‘ “36/164 933200
Smoke Poine, mm | D132 20.4 155 198 183 18.1 1B.5 l 193 NA

1035



OOULIL | BYOIOLY | U9SILOY | SLS/UI9 | §BUOEL | BIURST | GEw90L | DEUTET | SSUELT | ziueT | stuii saewosy [eioy, |
VEL/UHT | TSEAOEE | 6EVEGE | STH6SE TP o TRUTRL FoLveL OLLB9L TeULTL gLLISL CLUBTL sounpg el
czutst | suwe oo w | owes | emot | camz | oo | o | o6 | caor | e i
L'91/99]| |T_thﬂ C'e/os LOLO Peiro SEoy vy 6UL't i1t Lo 1'Ure soudpAyiydeuay
vivozy | veusve | vonett | st | s || oure | ewos | cuet | owmezr | come | wzst sauaiydeuady
vaiorl | sovzin | evuosz | vovtz | osuzie || ceor | suve | ssics | vuos | swes | gshe 1aie “souopmyiten
V0 rYz0 | EOv0 | vaos | rovso o0 o rwro | coee | rust | oo
v | twee | cuel | vzsz | simt || caez | saie | vuse | zwer | some | oaun | sauapu -
660 | oo wo ovzy | suor || cwvr | rwer | rwor | cuse | soov | vure SUBRIID L SUBpHU]
tust | owre | rane | oy | eumol | swos | cwsy | swee | ool | ozisn | scos Souarugikay
Laro | soot | toto o0 V0 tust | voer | cioe | v | rost | st suyesdojakoug
vt B's/es LS/L'S ovri L L 5'¢/gS I'Si¥'S oWy Loib'L oSS Lsis suiyasedojhang
6U6Y | 69t | Gsirs | otmnl | sweL || wowioz | avise | oviee | osvos | cogste | reiie sty psrlopkoompy
CTuvsl | esuise | 610868 | 6Lt | TIoLl | 9eHEsy | 0vs/m0s | cisizos | tiwies | 0usiior | 9reios eIy
1951 0951 | 65-LSST | 95/sss1 | es 0031 66LL | 86/L6L1 | 96v6Ll |  teLl Lzl BABIA
L4 o gvice | ww paa 8 L4 osw | wern L poag "4 ), uoqea0ipAy
037 001 001 0l 001 ays aQus qus aus Qs aus

SIW/OD A8 NOILLISOdWOD ZOQK<UO~E>= IANINOJWOD °I1Y 314V

1036



SUsy | sviEs | owe9 | owzot | oeewt | svivol | gTnzel | vswite | suog | sowwory g
VOLI'SE | SSHIVE | VSEVE6 | VINRSS | ORWISE | SSRVER | LLWROR | 6va/610 | szanis ST eI
R T e A T e e i 00 | o | Sy apsiony
v | rono I WY v Vo ! 0 o T,
EWKO | EOb0 I'y/z0 zozo | 1w /LD o0 W | twro | summdnoy
Cws0 | soLo CUS0 | yooo w10 VOSSO | TWI0 00 TOZo | 1A soudpeqideyy
W o0 010 ) 00 TWZ0 | Lo o0 V0 auapegdun
suLo | oo 6O/ | LT | odrt | como | rono WO ruvnr | saupu]
SWLO | swsD Lo gz | wwss | st | Lwes /0 UL sul|ea L/surpu)
I ewee | vust SUTE vesYy | oso9 | oceet | oL | rsgiig |ty SoU2UNA Y
$UCE | reLt LUI'E ewrs | ewer | swss | swez | oo SIT9 supjeiedojkaiy,
STt 09/9'9 Sy (§:7:3: LTEyer | Lsugor | oci/gr) B0/3°0 ol suyjjemdohong
CRULTT | BOUTNT | COUIZ | vOUYYL | BRU9BI | GOUVOT | ZTMTE | TGUBRL | 891691 | supmmepioomon
6€9/609 | S59/979 | 91999 | 9ives | cisieer | ovnior | zowiis | osgier | zowere U
(BRI 7841 1881 0881 oLA! RLY1 Lwt e | st | SAIM
8H Lh o 1y v th it Io poag LR LA UTT
QS Vo1 | a¥s vol | aus vol | aus ver | qus vor | aus vor | aus ver | ass vor | qus vor
. SIW/OD A4 NOLLISOdWO) NOUNVIOUUAH .-.Zm_ZC._.—\LcMVU TV 'YL

1037



il
|

Camin | cown | ool | sovs i.m.m.ﬂmm T st |Tovsiins | vesmee | vioens | siere e " Sy ooy, |
Cvrwein | rewsn | Rewiar | szt | zovnon sty | bsavor | reevor | oaogeie | e | varien
o | owm | w | we | W cinal | ews | v | zwen W Lo i
I L T T T e Rt T | awe | zme | 7T Sentppiany
Csweo | care | wio vo | oo [ coszt | osieiz | eoisn | ewer | swen | viwe |77 Smdeay
vt | zwmo | w w0 WD RHLS ewvs | cien | tetor | wuee | owee | g e
o oo wo w0 wu o roTo S0 | twio wro GRe N
Tswt | vuse Lo | wo FUET | T vu6t | wsks | owet | wuer | twuee |77 e
Ut l'uze THLy Ciee CoLe v 7070 owsy | cawer | cvurst | eost sue U]
Tewvt | eust I'siTs gt | owvy || vauve yo99 | ottt | etz | rowsic | vasm | ¢ swasiny
808 | 9% |  6U68 ™o cTuel | vt oo oo €U0 rwrte | ou ———
Cwwws | csioo | cumvwe | oiwels | o1mvi | suet ST | owr | ey | 6HeS ome suapriedopo
oo | womol | wewior | tesees | siocer | ewse | cwsw | rerr 1o ueor | ewvenr | et sy
Rusitss | resor | crisel | zwre | csani: | siier | stoier | sovie | s evust | s ST ey
s oSt | comust | Lommst 2951 98I Bt | sk | zesisRl osgt | o |
L ofSH bIEH vin pany L] o Sin sirk t P> DAL AL iy
X1Vl | oo1ver | oxtver | ootvet | oxrver | odrser | ool ser 031801 [ oiser | oorser | oyrsen

e ma ey e

b - . gy s - —

SW/DD A NOLLISOdWOD NOUBVIOHUAL ,_.z..._zc._ECL RIABCH I A




SW/DY Af NOLLISOd

0D NOSEVIONUAH ININOIWOT

IV A'MIVL

OUv6L | TIenoe | osussz | eeueiz | 09usGe || viWiey | oedcee | oiusst | cotciz | suuist P————
66990 | 889669 | Osush | rowrse | ovusor ﬁl 98¢/69s | 019009 | veuzie | redrst | sevew | SBINICS fEI0
YO 0 w10 oo rore | tee 990 Z0Z0 00 VOISO | sonmwory pakon),
SUCT gYL0 o0 00 POIr £9/29 0'E/8T POr0 oo 6111 souagAydesasy
TS T 7,70 w0 oW 2806 SHiLy YW90 YWLO e sanaqydeiasy
Tt YT VR S0 C1l FuL 9969 | vt | oo oS | A souagdey
T070 oWLO (0 Z0/E0 o) 00 Z0.70 o bOISD SOLo audIydeN
0oL S LEOY L0 0’09 Uy Y oRYY oY RIA rsvy | sauopu]
65/9°S 6et6 | ozwu | sdos | cwion 9HY £is SRER | SN CUSH s sy
UL | sute cust | Tt | vies | ewes | torvor 1406 66 | owes m.._ﬁ.,_ﬂ__za_
ey | oawee | sare | vowo | cour | soen core | ewry | st | cuie -.ilal,__:____..,____.,ﬂ__.ﬂ.._
0101 LR | ouna | ewee | sziwel || somn | swis | zont | oovsor | seven sugesedopafoig) __
| swoie | swove | ssussc | ssovss | couwor | seoei | vvdore | sevem 98E/E8E | LLuLSt suynrednaAsouopy |
CoUEYE | otuste | esumse | osioue | ceusor || vvusze | swaver | sewiiz | 9edoiz | cadee SN
(981 9981 SR CLOR1 bl 1651 0S/6v81 wiLst | oot | ot | maem
94 Y biEH U LA 9t Sivn /M I paayg LY, Bognepsy g
0001501 | 0u1 80T | 0021501 | oo st | ooyiser | o9 001 0Dy 00T 0Nyl

1039



| vz | suns 9 Wy0 cweo | vwes | case | ocewor | zeon | owme | zaime oy oy, |
RGN0 | TOWRRS | Lowees | cewies | viwwee | rocts | coaves ROWOGR | 0zwz06 | Gomwes SHRHIG (o,
Cw | w | w w | oo | oo w0 o oo | w0 | sowwiony ko,
| zuro v0 0 oo - oo (wWio o oo W sauap iy
o (o o 00 0/t 0 rAVIA) 00 0/) Tfm W) sauaydeuay
Cwo | wo oo o0 m oo TUE0 w0 00 PO | 1A souapgigdey
o | oo v0 VO on | cwso 0l W e | o swafeNeN
v | w0 | o 0 EWr0 61T 9U0E FIv| Yz 0 CUE L sauopu|
WO T wIo Wz 0 0010 L060 GUTE Sty LU 6UI'Y sulEna L fSukpuy
U9l SOLO | S0 SWLO UL CUsT 86 CHIS ) LU SQLENIAGY
W o0 WO w | w | v TUvE LU 900 | e suyjcaedojakon
TWED RUUT L6 oo | ao || etowm | eciost | zeom | veveer | vivee singendogAon
owe | owsy | vewoe | rwer | ewii | cever | vezrsr | iowoen vOsioer | sog/ese | summedophaouony
SoMIHS | vOuEes | TYREER | z<wRes | Lowses | vowith | 96069t | eviete 98U997 | 0SESTE sunjean
..... | Ebbl -
1061 £061 £0-1061 | O06T-R6RT |  owRI £091 w011 | ooonaest | seLast pon| HABIA
L o1 ) S po] L ofsil ) L) 001 ik, noquaospA |
1 L Li L] 14 00071 vl | 0901 vo1 | 001 vet [ opotver | vor
- SW/O9 A€ NOLLISOJWOD NOSIYIOUUAH ININOJWOD SIV A TaVL. -

1040




TABLE A16. PROTON NMR CHEMICAL SHIFT ASSIGNMENTS

compuunds

Proton Tvpe Abbreviated | Description Chernical Shift
Symbol Region. (ppm, dela)
1. Alkane merthyl CH, Terminal paraffin chain 0.5-1.05
protons
2. Gamma methyl CH, Terminal atkyl chain 05-10s5
protons ar least three
carbons from an aromatic
ring
3. Alkane methyiene | CH, Mid-paraffin chain 105-1.4
proton with no branching
4. Beta methyl CHe Terminal alkyi proton 1.05- 1.3
exactly two carbons from
! an aromatic ring
5. Gamma methylene CH. Mid-alky! chain proton at | 1.05 - 1.4
least three carbons from
an aromatic ring
6. Alkane methine CH Mid-chain proton with 14-20
branching
7. Cycloalkane methylene CH Cyclealkane (naphthene) 14-20
proton :
8. Beta methylene CH Mid-alkyl chain proton 14-20
exactly two carbons from
an aromatc ring
II'9. Alpha methyl " ALP Terminal alkyl chain on } 20-22
. carbon adiacent 1o an
: aromatic ring
10. Alpha methvlene Y ALP Alkyl chain proton on X PR
! carbon adjacent to an
| aromatic ring
11, Alpha methine , ALP Alkyl proton on carbon 20-423
‘ adjacent to an aromatic
i ring with branching
12, Aromatc 1 ARO (DI & | All aromanc ning protons | 6.2 - 9.2
L AMONOY on di or mono-nng
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| TABLE Al7. PER CENT OF TOTAL PROTON RESONANCE INTENSITY FOR |
I'  VARIOUS CHEMICAL SHIFT RANGES I
: Chemicai Shift Ranges in ppm referred to TMS |
!savpLENO. | 05105 | 10514 | 1420 2.04.4 6.2.92%
| 1440-F 30.5 533 | 17 14.9 12
| 1442 F 33.0 382 | 154 9.5 39
| 1546-F 33.6 308 | 173 14.9 14
| 1538.F 11.9 274 | 53 29 8 251 |
! 1538 120 | 273 | ss 29.3 24 !l
[ 1546.F 33 | s1a 1 497 14.1 s
1 1547-F | 335 1 315 164 14.7 29

| 1548-F 316 33.2 162 | 145 | :5
_1549-F |01 | 32> 1 1ss 14.6 23 |
| 1550-F 298 | 356 | 157 14.3 16 ]
| 1551F 275 | 369 | 156 14.6 54 |
| 1569-F 369 | 324 | 250 40 7
| 1570-F | 368 355 | 234 3.1 12|
| 1s71F 35.0 399 | 208 3.3 o0 |
! 1572-F 27.1 565 | 132 2.5 0.6
! 1603-F | 399 | 462 | 127 0.4 08
1 1615-F 66 | 291 | 114 27.0 159
_1627-F 9 ! ss9 ' sy | a9 | a3
| 1793-F 520 | aag 109 | 65 55
| 1794-F 5.7 | 456 1 103 66 | s8 !
1795-F 302 | a6 ! 105 7.3 54

1 1796-F 292 | a0 97 | 70 s
1 1797.F | 286 i 533 L e | e 20 |
| 1798-F 276 555 | g4 | 5 14 j
| 1799-F | 217 570 91 b ss | xg
! 1800-F | 234 | s59 | 06 | 62 | 13 '

; = This range contains the resonance from the residual protons in the solvent CDCI .

corresponding to approximartelv 0.3%.
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TABLE Al17. PER CENT OF TOTAL PROTON RESONANCE INTENSITY FOR
VARIOUS CHEMICAL SHIFT RANGES

{Continued)
| Chemical Shift Ranges in ppm referred to TMS
| 1840-F | 372 93 | 28 03 | o4
1850-F 183 243 1 139 277 | 453
1851-F | 164 252 | 134 ' 292 15.8
18521 | 154 267 | 128 | 289 16.1
1853-F | 171 282 | 10 7 216 | 160
1854-F | 143 300 | 103 1 281 17.3
| 1855-F | 147 | 336 | g | s 17.3
| 1856-F | 14 a7 | 83 ¢ 202 15.0
| 1862-F | 372 363 | 143 82 | a0
| 1863-F | 367 369 | 146 30 | 38
| 1864-F | 360 372 | a6 8.5 | 37
| 1865-F 353 376 | 1427 89 4.0
| 1866-F 325 393 148 . 98 3.6
1867-F | 323 a5 1 139 87 | 38
1898-F | 414 53.3 32 ' o1 2.0
| 1899-F | 386 56.8 34 ' 04 0.8
| 1500-F | 374 58 4 32 05 0.5
| 1901-F I 362 603 | 2.4 0.0 1.1
1902-F L 320 628 | 42 06 | 02
{ 1903-F | 334 63.1 | 25 03 . | 07
| 1904-F | 517 647 | 29 0.4 | 03
| 1443-F | 333 388 | 205 60 | 13
| 1555-F | 165 24 | 75 519 | 196
1556-F | 157 %1 | 6l 286 | 235
[ 1557-F ERER 257 | 5.6 301 | 254
| 1558-F 126 254 | 5.0 316 | 255
1559-F L 116 7.1 | 55 3.9 240

+ * This range contains the resonance from the residual protorns in the soivent CDCI ,
corresponding 1o approximatelv 0.3%.
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TABLE Al7. PER CENT OF TOTAL PROTON RESONANCE INTENSITY FOR
VARIOUS CHEMICAL SHIFT RANGES
(Continued)
| Chermnical Shift Ranges in ppm referred to TMS

| 1560-F | 132 | 294 55 | 291 1 g
1561-F L 25 1 337 a7 1 212 | asg
1562-F | 359 ! 350 239 | 3.7 | s

| 1566-F 6 | 29 | 279 1 iy 2.8

| 1567-F 419 254 27.9 E 3.1 1.7
1568-F 395 | 287 26.3 | 3.7 1.9
1597-F 138 | 333 175 | 33 22
1598-F 209 | 350 185 | 40 16
1599-F | 203 ¢ 367 | 118 | 3.9 1.3
1600-F 387 | 383 17.8 4.0 12 |
1601-F 4.5 | 307 15.2 22 [ 13
1602-F 371 | 127 16.1 33 0.9
1873-F 310 | 521 125 | a9 L5
1876-F | 343 | 379 139 | o1 17
1877-F | 349 ! 393 171 | 53 2.9
1878-F 344 | 467 | 137 3.5 17
1879-F | sas 0 a4 | 169 | 49 >4
1880-F | 514 s23 | q24 1 A 11

! 1881-F | s05 7 576 ! 96 | 1 0.7
1882-F | 274 | 613 9.4 | 1.4 0.6
1883-F HETIREEY 103 | 1.2 07
* This range coniains the resonance from the residual protons in the solvent CDC1,

, corresponding to approxunately 0.3%.
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