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HIGH NAPHTHENMIC CONTENT KEROSENE UUMPOSITIONS

HELD
{0001 This disclosure velates to kerosene botling compositions having high saphthenic

sonta and low aromatic content, fuel compositinns o fusd blending compositions made from

kerosens botling range compositions, and methods for forming sach fuel compositions.

{8602} Regulations such as the Renswable Fuels Sianddard in the United States and
Renowabls Energy Divective in BEurope aim (o vediwe the carbon intensity {8 of transportation
fuels, based on a Life Cecle Analysis, Among the transposiation sectors s pvintion, where
sustainable aviation fuels (SAF) ave one of the options for reducing C1. However, SAF produced
from blologioal sowrces tend 10 have knw avatlabilily attvibuied to the logistical challenges of
hiomass production and the hieh costs of uperading biomuss fesdstoeks to fnished fusls or fuel
blendstocks. As an alternative, a fow carbon aeiation fuel (LCAF) derived from petrolenm
sourees may s provide the aviation seotor with 8 viable option for reducing greenhouse pas
emissions. Advantages for o LAY fuet are high avadability and low processing costs. There ia
clearty a noed for a readily avarlabde, tow cost, and low carbon intensity aviation fuel.

168031 In addiion o reducing greenhowse gas exaissions, possible reductions iy ground-leved
smissions from the aviation sector are also heing evaluated, primarily criteria smissions
associated with particulate matter and SO An aviation fied that could deliver lower totad
groguhiouse gay mnissions while also heweving parboulaie matter and SOx cnitenia emissions
wontld be attractive to the avigtion seotor,

{8004} An article titled “Impact of Light Tight Oty on Disiitlate Hydrotreater Operation™ in
the May 2016 ysue of Petrolewm Technology Quarterly describes hydroprocessing of kerosene
sd dhesel botling mmnge frociions devdved Soratipht oils,

ISl US, Patent Application Publication 201 7/0183375 describes fuel compositions
formed during hedroprocessing of deasphalied oils for hubricant prodostion,

{6006] I various sspects, 8 kerosene botling range composition is provided. The kerosene

boiling rangs compaonition mclades 3 T10 distillation poirt of 2057 o less, 8 Hnal boiling poist
of 20070 or feas, & naphthenes (o srovatioy weight matio of 3.2 or wore, an aromatics content of

S0 Wit o 18wy, s a sulfr content of P8 wppm o less,
jaugTy Alse provided 18 8 kerosene boiling range product comprising: 1O wilh to 49 wito of
sostainabde aviation Tuel iy accordance with ASTM D7568; and ST st to 99 wit of @ herosens

bothing range composition, the kerosene botling range composition comprising g TG disttlation
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point of 2085 or kesy, 8 final botling poing of 300°C oy less, 3 naphthenes 1o sromatios weight

gatio of 3.2 or more, an sromatios content of 40 withs o I8 wits, and 8 sudfe content ol 1}
wppnt or less.

LY Also provided s @ methad for formung a kerosens boiling range conposition,
comprising: Bactionating a crade off comprining & foal boiling point of 330°C or more to form at
feast a kevosene botling range frachion, the crude oif comprising a vaphthenes to aromatics
volume ratio of 2.0 or more and o sulfr comtent of .2 wids or less, the kerosene boiling rangs

compostiion comptising 8 T distillation point of 203°C or less, 3 fnal boiling point of 300°C
or feay o ngphtbones o sromaies weight ratio of 3.2 or more, an aromatics content of 4.0 with
IR owt¥, and g sulfor content of 100 wppm or kass,

% Use of composttions including the kerosene boihing rapge composition sre also
prosvidad.

BRIEE DESCRIFUION OF THE DRAWINGS

a8l FIG. | shows compositional information S various erude ofls.

{6811} FIG. 2 shenwy compositional information S various crade oils,

{6812} FIG. 3 shows compositional values and properhies for vanoas kerosene boiling rangs
frachions.

RETAILED DESCRIPTION

R R o various aspety, herosene bodling range o jet fied boiling range compositions are
provished that sve formed frons orude eils with wexpecied combinapons of high sophthaes 1o

arpenatios waight andfor volume ratio and o kv sulfur content. This unexpected combination of
propertizs is characteristic of crude ous thet can be fractionated to foom jot fuel boiling range
andior kerosene botling range compositions that can be used ag foels 7 fuet blending products
with nunimal processiog. The resulting kerosene bothing range fractions can have an unexpected
gombination of # high naphthenes (o aromatios welshl ratio, a fow but substantial aromatics
coptent, and & low sulfur content. I somwe aspects, the fractions can be used as Joels andior el
blending producis afler fractionation, optionally with additional processing such as clay treating
In such gspects, the fractions can be used as fuels andfor fue! blending products without exposing
the fractions to hyvdroprocessing andfor other energy intensive refinery procssses. By raducing,
iy, of avolding the avsount of hydroprocesaing andfor other refinery processing needed
to mreet foed andior fosd blending product specificabions, the fractions deved from the ngh
naphtheney 1o gronutivs miio and low salfir crades o provide fuels andvor foed blending
producta baving a reduced or mimuzed carbon intensity. In other words, doe 1o this reduced or

mindmized processing, the net amount of CQ: gengration that is veguived 0 produce g Fgd or fogl
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blending component sud then use the resulting fuel can be reduced. The reduction in carbon
frtensity can be oy the orderof 196 ~ 1% of the totad carbow futenaity fior the il This s
angxpected beneflt, given the difficully in schisving even small boprovements in carbon
intsnsity for convennional fusls andior fue! Mending products.

O EY Generally, the napbibenes o aromatics weight rato of the kerosene boiling range
fractions described herein can be LY or wmore, or 2.5 ov more, or 1.0 01 woore, or 3.2 or move, O
1.5 or more, of 4.0 ov move, such as up o 10 or possibly still higher. However, it is noted that, n
various aspscts, the high naphthenes {0 aromatios ratic s not due (0 an exvessively low comtent of
sromatics. For exavaple, the kevosene bothing range {or jet fuel botling range) compositions can

imchude 4.0 with 1o 27 wih of mromatics, or £.0 wilh 1o T8 widh, or 4.0 wifs o 16w, or 4.0

wide toe 12 wils, or 4.0 with to Hiwito, Instead, the herosene boiling range vompositions have
unexpecied combinations of bigh naphthenes 1o aromatics ratio while still including a mininum
arganatics content. For example, bt some gapects the compositions can include 8 naphthenes i
arsmatics warght matio of 3.0 or mowe {ov 3.8 o move) while having an aromatics content of 4.0
witi o 12 with, or 4.0 wi® o 10 with, Addstionally, the selfiy content of the kerosene boiling
range composition can be 230 wppm or less, or M wppm or tess, or 73 wppm or fess, such ag

down to 1.0 wppin or possibly sl fower, In tevms of vol¥, the kerosene botling range (or jet

fugd botling range) compositions can include 4.4 vol% to 25 vol% sromatics, or 4.8 vol% we {7

vl or 48 vol 1 13 vol¥, or 4.8 vol fo 13 vol¥h, ord 0 ol to W vols. The

eorrasponding saphibenes o aromatios vodwme ratio can be LY ov mote, or 2.6 or wore, of 3.0 or
Mo, oF 3.2 or ;miore, 0F 3.5 or more, or 4.0 o more, such as up 1o 18 or possibly still higher
{8815 Having o high naphthenes to aronatios ratic while sull having a low bul substantial
aresnaiics conte iy unexpecied dug to the ring stractures present tn both naphthenes and
seomatios. Conventtonally, i would be expectod thit o orude fraction nelading o high ratin of
aaphihenes (o wromativs would correspond 1o 3} & hydrotrested coonposition, so that the high ratio
of nupbthenes ws achieved by comverting sromatic rings 1o satrated vings, b) a compasition
with a de minimis coment of aromatics, of ¢} a combination of a) and b). Unforunately, using

hvdroprovessing 1o arvive 8t a high ratic of naphthenes to sramatios resulls in neressed carbon

intensity for a fuel fraction.

{6816} With regard to aromatios content, lver aronmatics content 3s generally beneficial for a
kerosene Dnction for a varkety of reasons, & Tower srommstios content, sl 58 an aranaiics
conterst of [ wits or less, can resdige soot andior sinoke production during combustion, B is
gonerally desirable to have of least 8 fow weight percent of aromatios 1 g jot fued composition.

When o kevosene s used s a jet fued, o low aromatics content, such 8s an aromatics contgnt of
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withoor fess, can alst reduce of nunbmize fame irradiation offvcts In turbine engive combustons.

Hoswsver, an aromatics countent that iy too olose o G wt?y car present ditfficuliies, For sxample,
the presence of sromstics assists with elastoroer swell 1o jer fuel systems, and is also bepeficial
for providing a dexirabde density for a st fuel, Thas, the nnexpected combination of a high
waphibones fo aromativs vatio while having a low but substantial avomatics content is beneficial
for fonming at least some pvpes of fuels fromt a Kevosene bothing vange fraction, In combination
with a low sulfur conten, the mnexpecied comnbination of a high naphthenes fo armuatics ratio
ad & ow but substantial arcmaticos content o aliow for fvmation of fuels o fus! Mending
components while reducing or minimbang refinery processing, resudting in a redoged ov
munimized carbon tensity for the fuel or fuel Mending product,

jat vy A kerosene botling rangs feel with a bigh ratio of naphihenes to aromatics and a low
but substantis] aromatios content can alse provide other advantages. For example, tvpacal
kerpsene bodling range Yuels {such as jet fuels) can typivally have g cetane index of Tess than 30,
such av between 20 and 30, In varions aspects, a kerosene bodling range fraction with a high ratio
of naphthenes 1o aronmatics and 3 low bot substantial content of aromutics can have a cetans index
of greater thay 3¢, For sxanple, o kerosene botling range fraction can have 8 cetang index of 31
~ 85 or 38 - 3%, or 40 - 8%, or 45 « 35, | s noted that a cotane index of 43 ormore can be
benelicial for hght sivoraft that operate using compression ignition engines.

{18} It aspects whers a kerosene faction is not hydrotreated, a kerosene fraction with a
sulfur content of HHY wppe or less can tave woinexpectedly hgh ratio of abphatic sellir o todal
sulfur, Aliphstic sulfir i typically removed easily under hvdrotrsatment conditions, so &
kerosere faction that achieved a sulfly contens of 100 wppm or less due © hydrotrsatment can
typically have a weight ratto of diphatic selfie to total solfiy of Tees thay .02, In other words,
sliphatie salfie correspomnds 1o loss than 2 with of the wial sulfer. By contrast, 8 kerossne
fraction with a sulfur coptent of 150 wppan or less (or 100 wipn or less) that has not been
exposed o hydrowreating conditions can bave g weight ratio of aliphatie sdfor o total sulfr of
.05 or wore, or 8.1 or more, such as up 10 0.7 or posaibly still logher. THis noted that the T for
aliphatic sulftr in sowme jet fugd prodocts i 30 wppm o Jess, o some gspects, snother indicator
of a fraction that has not been hvdroprocsssed is that a kerosens fraction hias a vohume ratio of e
paraffing to total paradfing (eparaiBos phes wopavalfing) of Gt oy e,

Ty Sull other propertiss of & hevosens hoiling range fraction baving a high vatio of
naphthenes 1o sromativcs and 2 low bt substantial sromgtics content can include a2 Saybolt color
rating of 25 or more; an interfacial tensiow ratlog of 35 dynes or highes; a clowd point of 40°C o

foweer, such gs down to ~60°C & ponr poant of -0°C or tower, such as down o 6P, freeze
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point of -20°C or ower, or -47°C or kewey Goh as down to 60 oF possibly sl vk and g
smoke point of 23 nwwor movs.

{6628 o addition o having o reduced or mivinized carbon intensity as o separate fugl
fraction, a kerossne fraction having s high naphihenes 1o aromatios rativ angd a low bt substantial
aromativs content can alse be combined with one o move sustainable aviation fusl factions, as
defined in ASTR DTS00, to form a fuel with g reduced carhon intensiy. Such a blend has
svnergisiic advantages, as blending g kevosene fraction as described hergin with a bio~darived
sustainable svistion fuel can allow for correction of the freeze poi of the biv-derived
sustainable aviation foel while svoiding the need o add o bigher carbon bnsasity Baction 1o the
sustainable aviation foel,

ja21d The lower varbon intensity of a fuel containing at least 3 portion of 3 kerosene
fraction as described hevein can be realivad by nsing a fusl containing at least a portion of such a
kerosene fraction 1o any convarsent tepe of combustion device. To some aspects, a fuel
containing at least a portion of a kerosens fraction as deseribed heveln can be used s fuel fr a
combustion engine i an airplage, 8 groand ransportation vebicle, o murine veasel, or another
convaniant type of veldole, Sull other tvpey of combustion devices can nclade generators,
farmaces, aud other combustion devices that are osed o provide hent or power,

{8221 Based on the unexpecied contlunatinns of compositional properties, the kerosene
bealing range compositions can by wsed 1o produce fuels anddor fied blending products that alzo
generate yeduced or mininzed smounts of wiber ondesived combustion producis. The other
undesived combustion producis that can be reduced or mintmized can include sulfur oxide
enmpounds {(S0x), nitrogen oxide compounds (INOx), and soot. The low sulfur oxide production
is due to the anexpectadly love sulffor content of the compositions. The bigh naphthenes
sonntics wito oswvaHowe for g closrer burning foel, resalting by less ineomplate combustiom that
produces soot. The lower nitrogsn oxide production can be dug 1o 8 corresponding ey nitrogen
coptent that 1s also observed fo these low carbon intenaity compositions,

{8023 B has beew discovered that selecied shale crude otls are examples of orude oils having
an unexpected combination of high nuphthenes to aromatics ratio, a low but substantisl content
of aromatics, and a fow salfir content. Iy various aspents, a shale ol fraction can be inchuded as
part of a fael or foel blending product. Exanaples of shale oils that provide this nnenpected
combination of propeties nclode selovted shale oils sxtrscted Srovn the Fermian basin, For
vorveniency, unliss otherwise speeified, # is voderstood thit references o incorporation of 8
shale oif frachion wio a fuel also fnclude incovporation of sech a Faction into a fuel Mending

product.
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{8824 Cuvrent conmmercial stendurds for et fuels typleally specify a variety of properiies,
Examples of property speeifications andfor typleal properties for copnnercial jet foels include n
fotal acidity of .1 mg KO gor less, or 8.015 mg KO or less, o sulfur content of 3000 wppm
o less, 8 frsesing poant masinuan of <4070 or ~47°C, 3 viscosity at ~20°C of 8.0 o8t o less, o
flazh point of 8t least 3X°C, an iniial boiling pownt of HO°C or more, a T10 distillation point of
2050 or less, andfor a fiaal boiling polwt of 300°C or less. Another example of a property
specification is & specifivation for a maxinnm deposit thickness on the surface of o heatsr tube
amdéor @ maximum pressare increass daring # thermal siability test at 268°C {according 10 ASTM
D3241}, such gy a waximan deposit thickness of 85 nm andfor a maximum preasure increase of
25 i Hg. Stll another exsmple of 2 property specification can be a water separation rating,
such 3s @ waley separation rating of 85 o wrore, as measared avcording to ASTM DES4R. A
water separation rating provides s indication of the spouat of surfaciant present 1w a jet fuel
bothing range sample, Petrolowm fractions thiy have an appropriate botling vange and that alse
satisfy the varons requiramsnts fisr j commercial stanlard can be tested {such as sccording to
ASTM D324 1Y and certifiad for wse as jet fuxds.  In some aspecty, the kerosene boiling rangs
fraction cap correspond toa jet fuel action tha sabisfies the specification for ajet fued under
ASTM D635, This can inclode g thevmal stabifity breskpoint of 260°C or woore, or 273%C oy
more, 35 defined by ASTM D341

Delinitions

{8028 Al nomerioal valoes within the defatled desoriptiom s the clanms horein ave
msdifind by “gbowt™ or “approximately™ the idicated valug, and toke into account experimental
erroy amd vaviations that would be exproted by o person having ordinary skifl in the at.

HHTRY In this discusston, ¢ shale crude ot @ defined as a petroleum product with a final
hoiling point greater then S3°C that 18 exiracted front a shale petrolenm source, A shale ol
fraction i defined 35 2 botling range Faction devivad from o shade onuds odl,

{027} Unless otherwise spectfied, distuilatton poists and boiling points can be detennined
according to ASTM D2SRT. For sasples that are not susceptible o charscterizaton using
ASTM D2SET, DTIOY can be wsed. 1y noted that stll other methods of boiling poim
characterization mav be provided in the examples. The values generated by such other misthods
arg bedieved 1o be ndivative of the vadues that wondd be obtadved woder ASTM D28RT andiw
D7

{8281 In this discussion, the jef {uel hoiling range or kerosens hotling range is defined as

HIEC 10 300%C, A jet fuel botling range Baction or a keroseoe boting range fraction s defined



WO 2021/237030 PCT/US2021/033561

ax @ fraction with & T10 distiflation point of 208°C or fess, and 2 final botling poist of 30°C or
{8639 I this discossion, the disttlate bothoy vange Iy defived as V20 w0 366°C. A
distilfate botling range (aotion s defined ay » fraction having 8 T10 disullation point o 1T C op
more ad & TU dishillation potal of 3667C or fess. The diesel botling vange is defined as 1707C
10 370°C, A diesel bolling range fraction is defined as g fraction having a T10 distiliation poht
of 17°C or more, a final boiling point of 300°C or more, and s T90 distillation point of 370°C or

less, An aimospheric resid s defined ax ¢ hatioms faction having a TH distillation point of

o higher, or 330°C or bigher, A vacwany gas off borling ravge fraction {also referred to s
a heavy distiflate) can have a T10 distilation poiat of 350°C or higher and & T90 distillation

puint of 333°C or fexs. A vacuunt reakd ix defined as ¥ botionss fraction having 8 T10 distiflation

pusint of SHPC or higher, v 363°C or higher. ¥ i noted that the definttions fir distillate botling
vange fraction, kerosene {ov jot fuel) hoiling range fiaction, diesel boiling range fraction,
apmospheric resud, sd vacnum resid gre based on bonling point only. Thus, & distillate boiling
range fraction, kerosene fraction, or diesel fraction can inclode components that did not pass
through a distillation wower or other separation stage based on bothing point. A shale ol distillate
boiling rgnge fraction is defined a3 ¢ shale ol fraction coresponding o the distillawe botliug
range. A shale oil kerosene {or jot fuel) boiling range fraction 15 defined as a shale oif fraction
corresponhing to the kevosens botling vange. A shale ofl diese] botling range fraction is defined
ax a shale ol fraction covesponding 1o the diess! boiling range.

{a3a] I some aspeets, 8 shale oif facting that is incorporated into a fuel or fuel bleading
product can eorrespond 1o a shade off faction that has not leay hydroprocessed andéor that has
not been cracked. Iy this discussion, 8 nog-hydroprocessed fraction is defined as a faction that
has not been sxposed o wore than 10 peia of hydropes nthe prosence of o catadyst congising a
Group V1metal, o Groap VI metal, a catabyvst comprrising a revlitic framework, ov a
combination theveof, In this discussion, & non-cracked Haction 3 defined as & Haction that has
pot been exposed 1o o lempemiure of 4007°C orwore.

{0831 tn this discussion, a hydroprocessed frsction vefors o a ivdrocarbon fraction andiar
hydrocarbonacesus fraction that has been expossed 1o a catalyst having hydroprocessing activity
in the precence of 300 kPa-a or wore of hydrogen at a temperature of J00°C o yaove, Bxamples
of hydroprocessed frachions inchude oedroprovessed dhistithue fractions (ve., a ledroprovsssid
fraction having the distillate boiling rangel, fevdroprocessed herosene fractions {1e., a
hvdroprocesaed fraction having the kerosene bojling range) and hvdroprocessed diesel fractions

{1.e., a hydroprocessed froction having the dicse] boiling range). i noted that a hydroprocessed
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fhaction devived frons a binlogival source, such as hvdrotrested vegetable oil, can correspond W g
hydroprovessed distillate fracion, & hydvoprocessed kevosene fraction, andfor a hydroprocessed
diese} fraction, depending on the boiling vange of the hydvoprocessed fraction

{833 With regard to characierizing properties of kerossne boiling rangs fractions audior
blends of such fractions with other components to form kerosene bobing range fuels, a variety of
methods can be wsed, Devsity of @ blend at 13°C (kg / 9’1 can be determined according ASTM
D032, Sulfr Gn wppm or with) can be determined according o ASTM D2622, while mitrogen

i wppn of witol can e determined acvording 1o D420, Kinematic viscosity st either -20°C or

~OC Gin oSty can be determined sccording 1o ASTM DM4S. Pour point can be determined

-
7
i

gecording 0 ASTM DS9S, Cloud point cont be determined according to D577, Freewre potnt
can be deternuned according to DIVTL,

{33 With regard to determinivg parafiin, naphthens, and arpmatios contsnis, supereritical
flnid clvomatography (SFCY was used, The charactertzation was performed using & commsrcial
supercriticn] fhud chromatigraph system, and the methodelogy represents i expansion on the
methodology desoribed tn ASTM DEINS (o allow for separate characterization of paraffing and
naphthenes. The expansion on the ASTM DX methodology was enabled by ssing additional
separation cohumag, to allow for resolation of naphthenes and paraffing, The systerm was
squapped with the following componsnix a high pressure pump for delivery of supercritical
carbon divxide mobile phase; temperature coutrolled column oven; mulo-sampler with high
pressure Howid injection valve for delivery of sample material into mobile phase; Bame
wntzation detector; mobile phase splitter (low dead volume teed; back pressure regulator 1o keep
thee CO: iy supsroritical state; and g computey and data sysiem for control of components amd
recording of duta sigmal. For analysis, spprovimately 75 milligrams of sample was dituted in 2
nuliiliters of tolasne and fonded v standird septum cop mutosampler vials, The swapls wis
introduced based via the high pressure smnpling vabve, The SFC sepanation was pecformed wsing
meltiple comraercial sihicy packed colopms (5 micron with eithey 60 ov 30 angstrom pores)
connected 1o series (356 non v length etther 3 om or 4 o ID). Cohumn tereperature was held
typicatly at 35 or 407 €. For analysis, the bead prossurs of cohnnns was typically 250 bar, Liquid
€02 flow ratey were typloalty (0.3 misaisute for 2 mm ID colanus or 2.0 mbiminute for 4 yam 1D
cotommmy, The SFC FID signal was mieprated e pavalBin and naphthente regions. Ty addition w
charseienzing aromatios seonrging to ASTM DS1ES, a supereritical Thad chromaingraph was
used ty analyze sumples for splis of total paraffing and total naphthenss. A variety of standards
svploving typioal wolecolkar types can be asad to calibrate the paraflinnaphthese spid fy

guantificaton,
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{8034 fir this discussicar, the oom “pavallin” refors 1 a sturated hydrovarbon chain. Thus, @
pavaffin iz an alkave that dovs not nchode o sing structiwe. The pasatfin mey be straight-chain og
brapched-chain and ¥s covsidered 1o be g pon-riog compomd. “Paraffin® is intended to ambrace
all strnctural isomeric forms of parailing,

HETRGY In this disousston, the tevn “naphthene™ refers o a oycloatkane {also knownias a
cycloparaffing. Therefors, naphtheues correspond (o saturated ring structures. The tenn
naphthens sncompasses single-ring naphthenss mnd nnalii-nng aaplithenss, The mult-ring
napithenss may have two o more rings, e, two~tings, three-rings, four-cings, Gve-rings, six-
rings, seven~rings, eighi-rings, nine-rings, aud ten-rings. The rings wmay be fused andior buidged.
The naphthene can also include various side chains, such as ove ov more alkyl side chas of 1216

varbous,

{361 In this discossion, the term “satunsies” rofors o all steaight chadn, branched, sndowlic
paraffing. Thus, saturates covvespond o a vombination of parailine snd naplhenes.

{88371 i this discussion, the teom aromatic ring” means fve or $I8 atoms jomned in aring
stractare wheretn (11 ol feast foaw of the atonn joined in the ring structare ave carbon atoms and
{1} aff of the carbon alovss joined in the tng structurs are aromatic carbon atoms. Therefore,
gromatic rings correspond 1o nnsstursied ting stroctwres, Aromatic exrbons can be identified
using, for example, “C Nuclear Magnstic Resonanve. Aromatic rings having atoms stisched to
the ring fe.g., one oy move helerostoms, one of more carbon alems, efe. ) bat which are not part of
the ring structuare sre within the scope of the lerm “aromatic ving.” Additionally, it is noted that

ring stroctures that tnchuds gme or muore heteroatoms {such as sulflr, nitrogen, or oxyeen) can

enrrespond fo o Maromatic ving” i the ning sructure otherwise fally within the defiition of an
“aromatic ring™,

HHIES Y T this discussion, the ferm “novearomatio vng” mess four ov move carhon woms
Jobmed By at lenst ong ring snasture whersin at least one of the four or more carbon stoms i the
HaR strachre s not e aromatic carbon slom, Noon-tromatic rings having atons attached o the
ring {e.g., one or more heteroatoms, ong or more carbon atoms, ate.}, but which ave not part of
the ring structure, are within the scope of the o “non-aromatic ring”

{8039} In this discusaion, the on “aromatics” rafers fo all compounnds that include af least
one aroenatic ring. Such compounds that wchude at leay one arematio ring nclade compounds
that hove one or e foedrociebon substituents. s noted that a compound inclivhing at least
one gromutic ring snd at least one non-aromatic ning falls within the definifion of the term

Haromatioy”.
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{8840 1t is noted that that some hvdmearbons wresent within a foed or product wiay fall
outaide of the definitons for paraffing, nophthenes, and sronmties. For sxample, any alkenes that
ave pot part of an aromatic componnd soukd Bl outside of the above definitions. Similardy, non-
sromatic compounds that inchude a heteroatn, such as sulfur, oxygen, or nilrogsn, ars not

inchuded in the definition of paraffins or naphibenes,

"

{6841} Life cyole assessment {LCAY is a method of quantifying the “comprehensive”
srvironmsata! impacty of naneiiotured products, includimg foel products, from "cradle to

grave®. Ewmvirommemal pacts sy fachade greenbonse gas (GHOY emisstons, freshreater
irapacts, or other npacts on the euvironmest sssocited with the fimished product. The general
mdelines for LOA mve speoified i 180 14040,

{4 2 The “carbon intensity” of a fusl product {e.g kerosene fuel or jot fusl) s defined as
the Hfe cyele GHG envssions assoctated with that product (kg COreq) relativs 1o the energy
content of that fued product (MY, LHV basis). Life oyole GHG smissions gssoviated with fuel
prodocts naest inchide GHG smissions assocksed with crude o produsiion; crade o
frapsportation 0 a refluery; refining of the onude mil; fransportation of the refined product to poist
of "7, and combastion of the feel product.

{38434 (GHG emissions associated with the stages of refined product hife eveles are assessed
as follows.

HHERY {1} GHG enussions associated with detlling and well completion - incloding hydrautic

fracturing

i)

shall be norosalized with respect e expested nltimate recovery of sales-quality

erude oil rom the well

{6845} {2} Al GHG emisstons assoctated with the production of oif and assoctated gas

inchuding those assoctated with o) opevation of sutificlal HR devices, (b separstion of oil, £as,

and water, {0 crude ol stabilization andfor uparading, among other GHG enussions sources shall

be wormatbred veith respect o the volome of oil transferred o sales {e.g 1o cvude ol pipelives oy
raill, The factions of GHEG emissions associated with production equipment to be allocated 1o

crude ofl, nsturs! gas, and other hydrocarbon produocts {e.g. natursd gas Hgnids) shall be specified

aceordance with IS0 14044,

{6846} {33 GHIG emissions asaociated yith sl pipeline or other fornm of transportation

betwesn the produchion site{s) o the refivery shall be normtized with respect 10 the volume of

vrude ofl transferred to the relingry,

g7y {43 GHG eomissions associated with the refluing of crude off fomake ByueBad

SRR '(\.\5\’.’5( e, Qs QIS S & IO QLY A JAVKOSREQ, VXRP xk
setrolewm gas, gasoling, distillate foels and othey prodogts shall be assessed, @ ity
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aceounting for the material Sows within the refinery. These enmssions shall te normalized with
respect o the vohame of erode off refined.

{8848} £8Y Al of the preceding GO emissions shall be sumwed 0 obiain the “Wellw
rafinsry” {WTRY GHG intensity of crude ol {e.g. kg COmgbbl srude).

iR {63 For each refined product, the WTR GHG envssions shall be divided by the
product vield (harvels of refined productbarcek of orade), and thew muuliiplied by the share of
reftnery (3HO specific to that relined product. The allecation procedure shall by conducted in
avcordance with IS0 14040, This procedure vields the WTR GHGO inlensity of sach refined
proguct (e by COzegbbl kerosenel.

{08581 (7) GHG awissions associated with radl, pipeline or other forms of transporiation
hetwesn the refinery and point of fueling shall b normalived with respect to the volame of each
radined product seld. The sum of the GHG smissions associated with this step and the previons
step of this procedhure is denoted the "Well to tank” (WTT) GHG ntensity of the refined product,
{posi} {8y GHG envissions associated with the combustion of refined products shall be
aasessed and normalioad with rexpect to the volume of sach refined produst sold,

HH T {9) The “carbon intensity™ of each refined product i3 the sum of the convbustion
ernissions (kg COweqgbbl) snd the "WTTY emissions (kg COxegbbl relative 1o the cavrgy value
of the refined product during combustion. Fellowing the convention of the EPA Renewable Fuel
Riandard 2, these ennssions ave sxpressed i terms of the low heating vadae (LHV) of the fusl,
Le, § O0eg' MY refined product {LHY basis),

{083 I the sbove methodology, the dondnant contribution for the amount of CO; produced
per M of refined product ix the s formed during combastion of the product. Because the CO»
geverated during combustion is such & e pacentage of the total carbon intenaity, achieving
geen mmall or noremental raductions i cwbon totensity bay waditdosally been challvuging, In
various aspests, i has boen discorvered that kerosene Hactions derivad from selecied crude ails
it beused to form fueds with redueed crbon intensides. The selected crude ofls cormespond
crade oils with high naphthenes to aromatics mtios, low sulfor content, and a low bot substantigl
arpmatics content. This combination of featwres can allow for formation of g kevosene fraction
from the vrude off that requures 3 raduced or minimized amount of refinery processing in ordsr to
make & fuel product andior el Blending product

LAY In this discussion, 8 low carbow Dtensity fuel or fuel bleuding produst correspons
a fued or fued blending product that hay reduced GHOG emissions per walt of Tower of heating
value relative to a foel or fuel blending product denved Fom g conventional petrolesm source.

In sonwe aspocty, the reduced GHG evvssiows can be due o part o reduced velinery processing.
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For scamyrde, fractions that are aot hyvdvogrocsssed for sulfir removal have reducsd wellvie
refinery evnisstons relattee o fractions that regeare hydroprocesstag prior (o incotporation g g
fuel. Ty ovarions aspects, an wexpectedly bigh weight vatio of naphﬁmmea 5y argvaabics i a shale
il fraction can indicate 3 fraction with reduced GHG smissions, md therefiwe a lower carbon
intensiy.

LAY For a conventionally prodaced et fuel, a carbon intensite ol 89 ¢ COreg MY velined

product o mewe would be expected based on Hife owcle anabysis. By reducing w nunlmizing
refinery processing, such as by avoiding hvdropmceessing, the carbon intensity for a fuel can be
reduced by 1% to TO% relative to 8 conventiona] foel. This cav resoltw, for exaople, o jeot fised
with g catbon imensity of 87.5 g COzeg™MI refined product or less, or 87.0 g COxg/MI relined
product or fess, of B30 g CQreg/MI refined product or less, such as down to SO g Cleg/MI
rafined product or possibly il aear

{B0S6] Another indicator of a tow carhon intensity fuel com be an elevated ratio of aliphatic
sulfur to total subfr in g fusd or fued blending product. Aliphatic sulfir is generally sasier o
remove than other types of sl prosent in 3 bydrocarbon fraction. In 8 hvdrotreated fraction,
the aliphatic sulfur will typically be remyove abnost entirely, while other typses of salfin species
witl vemain, The presence of incressed shiphatic sulfur o g product can indicate g lack of
hydroprocessing for the produst,

{BaRTl Sl another mdicator of 8 low carbor ftensity hol cam be an elevated ratio of hasic
arogen to total nitrogen 16 a fuel or fuel blending prodiet. Basie nitrogen is typioally easlerto
reniove by hydrotreatment, The presence of an incressed amount of basic nitrogen iy 8 product
can therefiwe indicate 3 lack of h}«‘d;‘opmcessing for the product.

{6658} Yot other wavs of reducing carbon mtansity for @ hvdrocarbon fraction can be related
o methods used for extration of a orsde il For example, sarhon intensity for a faction can be
raducsd by using sedar power, hwdenslectric power, or another renewable ensrgy soure as the
penear sonree for eouipnient irvobred in the extraction process, either doring ﬁriﬂing and well
conmpletion andfor during production of crude ot As another example, extracting wrude oil from
an oxiraction site without using artificial Jft e reduce the carbon intensity sssociated witha
fasl,

{6859 Ax an sxavaple of the benefits of uwsing lower carboy fitensity methods R exiraction,
i ovude ol s producsed with areppstreany GHO butensity of 10 kg COmegbbl, has 3.0 with sulfuy
o oss, and s AP praviy of 40 or nwre, then a substantial mygority of the time, a kerosene

fraction {or jot faction) refined from soch a orude ol can have o “well o wheel” or "well o
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wake™ (R use iy aviaticns) GHEG intensity that is 10% lower thaw the conventional value of S8 ¢
COreg MY refined product or wiore,

{6868 A another example, ¥ orade o s produced with an opstream GHG nteasity of 10 kg
COegbbl, has 3.0 wits sulfur or foss, and an AP gravity of 30 or mors, thew 3 migjority of the
e, a Kevosepe fraction {or jf fraction) refined from sach g crude ol can have a “well to wheel”
or “well {o wake™ (for use in aviation) GHG futensity fotherwise known as “carbon ineasity™)
that 1s 10% lower than the conventional value of 8% g COreq/MJ refined product or more.

[a861] Ax still ancther example, i orude sl i produced with an upstream GHG tdensity of
36 by COrogbBL, bas 30 wide sulfur or fess, vad an AP gravity of 40 or more, they 1t some
instances, a kerosene fraction {ov jet faction) wehined from such o orade oif can have a “well 1o
wheel” or “well {o wake™ (for use in avistion) GHG intensity (otherwise known as “carbon
sty that 18 19 fower than the convenbional valne of &9 g COweg/M T refined product or
MOre,

(00621 As vt another example, ornde oif iy produced with an upstream GHQG infansity of

20 kg COregbbl, hag 30w

o sutfas or Jess, and an APL gravity of 48 or more, then a substantial
majority of the time, 3 kerosene fraction {or jet fraction} refined from such & crude off can have a
el (o whoel™ or “well o wake™ (for wse tn svigtion) GHG intensity (otherwise known @3

“earbon intensily”™} that is 10% lower than the conventional value of 82 g UOwg/MI refined

procduct oF mors.

{0063 I various sspeots, 3 kerosene fraction o feast in puwrt by distilling a kerosene boiling
panze fraction from a selecisd whole crude or partial crude that bas an poexpected comtanaiion
of a high naphthenes (0 aromatics vatio, 3 fow but substantial aromatics content, and & Jow sulfur
coutent, T some sspeots, the kerosens fraction can be usedd as a fuel or fuel blending component
with reduced, mintized, or subsisntially no additional processing. i other aspects, # may be
destralsde w Farther treat the kerosene fraction. Examples of farther treatment methods can
mchde, but are pot limiled o, wel iresting, clay trestment, acid andfor casstic treatment,
mercaptan oxidution, salt drving, and hydroprovessing.

{6864} Clay trsatment, or more gensralby sxposare of a jet fuel smpls to an adsorbeny, is an
example of o wethed that can be ayed to rerove a variaty of types ol impurities from a sanple.
Suitable adsorbents can inchade, but s not Boanted fo, pabweal sndior synthenio clays, Fuller's
sarly, attapudgite, and silicn gels. Such adsorbents are commercially available i varicus patticle
stzes and suvfioe greas, I iy noted that the effoctiveness of an adsorbent for reducing the content

of ay impurity (such av niirogen or mitrogen compownds? in g sample can be dependent on the
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affinity of Gw adsorbent for @ given compound andior the prior ussge history of the adsorbent,
For exgaple, sxposing s kerosens boiting ravge Faction o g clay adsorbeut that s foaded with
hasic mtrogen compounds (such sy die o prior adsorption frovn other kerosene botling range
samples) may result i exchangs of mitrogen compounds from the current kerosens boiling range
sample for previoosty adsorbed pitrogen comppounds. Similar adsorphion / desorption type
processes may slse occur for other polay compounds that have previousty been absorbed by the
absorberdt,
{0065] The conditioms snyployved during vlay treatmest {or other adsorbent treatmaent) dap
sary over @ broad range. Trostment with adsorbent con goneritlty be cornied Out in o temperatare
range of 0°-100% €. and preferably near ambient conditions, such as 20°-40° O, for a pertod of
e generally ranging from about | seonmd i 1 hour, The jot fus! sampls can be exposed o the
adsorbent i a packead cohwnn af any convenient pressurs,

{00661 Acother alierative for removal of basic compounds from a kerosene ov jet fuel

fraction s acid washing. During seid washing, a foed corresponding © a kerosens ov jet fuel
sample can be mixed with an agucons acid solution. Acid can be injected infe the feed, fiw
example, at a rate of 6~ 10 barrels of acid o every thowsand barrels of jet fuel. The acidifeed
auxture can theu pass through 8 mixing valve, which mpintains 8 mixing differential pressare on
the feed of 528 psig (35 - 175 kPag) to sufficiently contact the acid with the sulfor and nitrogen
compenards within the jet el The seidifeoed miciure o then be routed into the acid coalescer
drum. In the coalescer, the aoid can be separted frone the jeb foed foed vsing an elecinical field
that acvelerates the rate of separation. The acid settles 1o the bottoun of the drum and can be
drawn off on level control. Aftey leaving the coalescer, the acid can be disposed of in any
cosveniant prawer, sach as sending the acid o offsite storape for vesale. 108 noted that the
sulfiric acid and many tvpes of typlond jet fuel feeds areesseniindly wanisoible, so that only
minimal smounts of epwdsion are typically formed in the actd coalescer. An example of 3
suttable scid con be o sulffric acld mxtore & 2 concentration of 8005 wi¥, The remander of
the scid mivtare that s not salfinic acid can be mostly water. Qptionally, other components can
also be present in the mishure, such 93 acid soluble oils that may be present 1 the sulfuric and
corrasponds i spent sulfimic acid from snothsy refinery process.

{6067} Bl another option for pparading ajet feed frction 1s to hydroprocess the et fosl
fraction. Awide nmps of hvdroprocessing conditions arg potentially suitable for use, ag sven
auld hydroprocessing congditions may produce a benefit in the properties of the jet fael fraction.
Hydroprocessing of a kerosene Saction can be usad fo ramorvs sulfie, remove pifrogen, satuais

olefing, saturate swromaties, andfor for mber purposes. During hvdroprocessing, a foadsiock that
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15 partiadly or entivsely compused of 2 10t fued boiling range fraction 1y treated I a bydrotreatment
for other hydroprovessing) reactor that inclodes one or more hydrotreatment stages or bads,
Optiouaily, the veaction comditions in the hydrotreatment stage(s) can be conditions suitable for
reducing the sulfur content of the feedstream, such as conditions suitable for reducing the sulfwr
content of the feedstremn to about 3000 wppm or less, ov abowt 1000 wppm or less, or about 500
wppm o less, The reaction conditions can inclade an LHSV of 0.1 10 200 le'', 8 hydrogen
partial pressure from about 30 psig (0,34 MPay} to shout 3000 psig (20.7 MPag), a tresd gas
comtaining af least about 304 hydrogen, and a lemperatire of from aboast $3°F {33250 to abwonnt
ROOF {42770 Proforably, the reaction condatons inchude an LHSY of from abouat 8.3 1o abowt
3 b, a hopdrogen partis! pressure from about 100 psig (1169 MPag) to about 1000 psig (6.9

MPag), and a tepperatare of from abogt TOOF (371°C) o abowt THPF (399°C),
{fins] Opticaally, & hydrofreatment reaeior can be ased thal operates at a relatively low nial

prossure values, such as iotal pressures of about 200 psig (1.4 MPag) 1o about 800 psig (3.5

MPag). For exsmple, the pressars in a stage in the bydrotreatment reactor can be it least about
200 psig (1.4 MPag), or at {east sbout 300 paig (17 MPag), o ot {east aboat 400 peig (38
MPagl, or ai least about 430 psig (31 MPag). The pressure in a stage in the bydrotreatment

S5 MPag) or lews, or ghout 700 psig (4.8 MPag) or less, or about

reactor can be about 800 paig (8
&0 paag (4,1 MPa) o less
N The catalvat in a hydrotreatment slage can b 2 conventionad i&ysﬁmr’eaii:ug vatalyat,
Suitgble ;mssm%s inchude cobalt, nickel, molvbdenum, tungsten, or combingtions {hu‘ ot
Preforved combinations of metals inchede ok and molvbdenum or nivkel, cobalt, and
mohvbhdeman, Switable supports inchude siice, silica-alunsng, alaning, and thania

{8878 I an embodiment, the ewmoun of et pos delbvered 1o the hydrotreatment stage s
be based on the consumption of hedrogen i the slage. The traat gas rate for a hydrotreatment
stage can b fromn aboat (o o about fve tees the anount of hedvogen consumed per barrel of

fresh feed in the stage. A typical hedrotreatment stage can consurae fronm about 50 SCFR (8.4

man'Y o abowt 1000 SCFB (1683w’ of i}ydmge‘a‘ depending on various factors including
the naters of the fead being hydrotreated. Thus, the treat gas rate can be froun about 100 SCER
{169 vy 1o about SO00 SUFB 842 mYa’). Pradorably, the tremt way rate can bafrom abow
froy to about Fve time the swount of bvdrogen consumed. Note that the gbove treat gas rates
refor to the rate of hydrogen flow, I hydrogen i delivered as part of a gas strean having less

than 100% hydrogen, the treal gas rate for the overall gas stroam can be proportionally igher.
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{8071 Yot another option ome be fo se 8 mereapan oxidaticn teatmud. Mevcaptan
oxidation wvolees exposing o sulfuvcontaining hedrocarboy Sraction to an agueons atkaline
sofutton. o the alkalive envivomment, mercaptaos in the hydrocarbon Fraction can be converted
o mercaptan salis, which are watsy solubde. The watsr solubde mercapian salts stay with the
water phase when the hydvosarbon fraction s separated from the atkabine agoeous solation, The
mevcaptan salis can then be converted o disuliides o facilitate separation of the sulfur
compounds from the alkaline aquecus selution,

Characterization of Shale Crude Dils and Shade Od Fractions - General

{807y Shale crude oils were obtuned From g pluvaliey OF difforant shade off extracthion
sources. Assays were performed on the shale crade oils 1o determing vartous compositional
characieriatios and propertes for the shale orade vils. The shals crude otls were also fractionated
to form various types of fractions, meleding fnctionation nte stmospheric resid fractions,
vavwen resid fractions, distillate fractions (nclading kevosene, diesel, and vacuum gas off
botling range fractions), and naphihe fractions. Various types of characterization andior assays
weve abso perftvmed on thess additional fractions.

{66873} The characterization of the shale crade oils andior crade off frachions fnchuded a
vartety of procedares that were used o generate datn. For example, dats for bothing ranges snd
fracuionad distillation pomts was genersted using methods similar 1o compesitional or pseudo
compositional analysis soch as ASTM DZRET. For compositional feabwres, such as the amounts
of paraffivs, isoparaffing, olefing, naphthenss, andior sromatics 0 2 erade off anddor crude ot
fraction, data was generated nxing methods stmilar to compositional snalysis such as ASTM

DI 180 andior othey zas chromatography feehniques. Data reluied to pour point was generated
asing methods simtlar to ASTM DT mauddor ASTM D949, Data velated 1o clowd point was
penerpted using muthods stomlar 1o ASTM B2300 gudéor ASTM DATTY, Data related to solfiw
contan of 3 crude off anstfor crude off fraction was generated using methods similar o ASTM
D633, ASTM D494, andior ASTM D5443 . Dty related o density {such as density at 13°C)
was genersted wsing methods sinular 1o ASTM D128 andfor ASTM D52, Data related o
Kinsmstio viscosity (such as kinomatic viscosity st 40°C) was generated nsing methods simitlar to
ASTM D445 andfor ASTM D042,

{6874} The data and other massared values for the shale coude oila and shale o factions
werg then meorporaied futo an existing data Rbrary of other reprosestative conventiona! aud none
vorventiongt orude otls for use tu an smpirics! model, The empirics! model was used to provide
pradictions for comprositional chavacteriatios and properties for sowe additional shale oif fractions

that were not directly chamcterized experimentally. o this discussion, duta values proeided by
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this enurical mvodel will be deseribad as modeled data. In this discussion, dats valoes that are
not otherwise lnbeled as modeded data covrespond to measured valoes andfor values that can be
divectly derived from measured values, An exvople of such an Snipicical mpded 15 AVEVA
Spiral Suite 20193 Assay by AVEVA Sohntions Limited,

{73y FIGS, 1 and 2 show examples of the unexpected combinations of properties for shale
crade ofls that have @ high weight ratio andfor volume rstio of naphthenes 1o aromatics. In FIG,
i, both the weight ratio and the volume ratio of naphihenes {o aromatics is showa for five shale
ot odly velative to the weight § vohane perventage of paraffing in the shale crude ail. Thetop
plot i FIG. 1 shows the weight ratio of naplabenes to aromaticos, while the bottom plot shows the
volune ratio. A plarality of other represemtative conventionnd erudes are also showen in FIG. | Ty
comparison, As shown i FIG, 1, the selevisd shale onude oils describad herein have a paraifin
conient of greater than 40 wide while also baving 8 weight ratio of naphihenes to momativs of 1.8

o more. Sumilarly, s shown in FIGL 1 the selected shale crude oils described herein havea

oo,
X
=

paraiiin content of grenter thi 48 vol% winle also having 3 welght ratio of naphihenss to

aromatics of 1.0 or naowe. By contrast, mone of the conventional crude ofls shoven i FRG. 1 have
a stdar combination of 8 paraffin confent of greater than 44wt and o weight ralio of
naphtheucs 1o gromatios of 1.8 or more, or g combination of paraffin condent of gregter theu 40
v and a weight raio of naphthenes to sromatios of 2.0 or more. 1t has besn discoversd that
thix upexpected combination of paphthenes fo aromatics vatio snd paraifin content is present
thronghout various fractions that can be dertved from such ssdected vrude oils

{0076} In FIG. 2, both the volume mtio and weight ratio of naphthenss to aromatics Is shown
for the five shale erude oils in FIG. | ralative to the weight of sulfar inthe crude. The sulfi
cesrtend of the crude in FIG. 2 is plottad ow & lowarithoue scale, The top plot in FIG. 2 shows the
weight ratio of nophthenes w srowamtics, while the bottom plot shovws the volume vatio. The
plurality of other representative conventinnal crude oils are also shown for conparison, As
shoswn in FIGL 2, the sefecied shale orpde oils have naphthene to avomatic volume ratios of 20 o7
more, while sl of the conventional orade oils have naphthene 1o sromatic volume ratios below
1.8, Sumilarly, s shown in FIGL 2, the selecied shale orude oils have naphthene to aromatic
welglyt ratios of 1.8 or more, while all of the vonventiona! crade oils have naphthene to aromatic
weetpht ratios below L6, Additionally, the selected shale crude olls have a sulfir content of
romghdy 01 widh ov doss, while all of the convertional erade odls shown i FIG, 2 have asulfr
vontet of greater than 0.2 wit it hos beswy discovered that this unexpevted combingtion of g
naphibiene o arowatios ratio and low sulfor s prosent within various fractions that can be derived

from such selected crude oils, This woexpected combination of properties conitributes to the
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ability to produce low carbon hntensity fuals from shale oif fractions anddfor blands of shalg ol
fractions derived from the shale vrade odls,

erization of Rhale Onl Fractions ~ Kemosens Bothing Ranse Fraction

Chira

e I various aspents, a kerosens boiling range fraction as described hersin can be used
as a fael fraction, such as a et el fraction. The combinabion of low sudfor, My naphthenes
aromalics ratio, and bow but substantiad aronsatics content can sthow 3 kerosene frachion o be
used as & fuel fraction with a reduced or nunimized amount of refinery processing,

{0078} FIG, 3 shoows mensured values for Berosens fractions derivad from nine diffevent
shale erade ofls andfor crade off blends, s noted that the T90 distllation points for the
fracuions shown i FIG. 3 s between 280°%C and 290°C. In aspecets where a kerosene fraction s
wasd toe forny 3 1 fuel fraction, a finsd botling point between I8G7C snd 30°C, or between
2B°C angd 2007, can by baveficisl, 1 iz beliwved that the compositional properiies shows in
FIG. 3 are represemiative of a faction with a fingl boiling poiot bebween 280°C and 300°C, As
shown in FIGL 3, the kerosene fractions had a naphthenes content between 38 wits to 32 wihh, or

~
i

30 wits o 31wt The kerosene fractions alyo had an aromatics content between 4.0 ath 10 2
with, or 0 et o 1R with, or 4.0 Wit fo 1o wily, or 4.0 @it o 12 widh, or 4.0 wids o 10
with, The weight ratio of naphthenes to aromatics ranged from L5 10 100 Some of the kerosene
fractions had an unexpected combingtion of high naphthenes to aromatics wetght ratio and 3 low
but substantial content of aromatics. For aueh fractions, the aromatios coment was 4.0 ot 10 1§
with, of 0w 0 18 1B, o 0 Wi o 12 with, or 4.0 with fo 10w, For such fractions,
the ngphthenes (o srcmatios ratio wes 3.2 w0 10 or 4.0 w0 10, or 010 10, or 6.4 0 1Q

{8679 I addition to the naphthenes and aromatics contents, the kerosens factions shown i
FIG. 3 had a density 8t 15°%C betweeny 3775 and 084 ghnl, or between .78 and 0.83 g'mlb, or

hetwosn 079 pid and G82 gdd; a powr pedat betwsen -40°C and ~50°C, or -40°C 10 -8°Ch a

~

glond point betwest -32°C and ~42°C, or -32°C 1o ~40°; and a freeze pomnt between 30°C and -
48°C, or between X35 0 48°C, The fractons had o TI0 digillation poiat of 205°C or less, or
01°C or less, With regard to properties, it is believed that fractionating g selected erade ofl to
acliieve ¢ final boiling potnt betsesn ZRUC and 300°C {instesd of having a T9¢ distillation point
between 2807 and IWFCY would result i lowsr temperatare values fiw cold flow properties
such as powr point, clood point, and freere poist. Thus, it 3s belteved that for a fracton with a
final bothng point hetween ZR5C and 300°C, the clond pomnt woukd be ~20° or lvwer, and the
freeze point would be ~40°C or lower,

{080 Ag a comparison for the date in FEG. 3, an artivle titled “hupactof Light Tighttils on

Drstillne Hydrotreater Qperation” 1o the May 2016 1ssue of Perroleum Techuology Quanterly
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incdnded @ Hsting of paraifin and aromativs coatemts for shale oils froeam @ vapmty of shale oil
formations. Comparative Table 1 shows the duia provided oo that swticle. Comparative Table ¢
also inclades a colomm for a representstive kevosene fraction derived from West Texas
Intermediate, a conventional Heht swest crude pil. 1t 15 noted that the representative sulfur
content repovted in the article for WTT was greater than 1000 wppm,

{0081 In Comparative Table 1, the kerosene fractions corvespond o fractions having g
boiling rangs of 350°F - SHHOF (1770 43 260°C), The values for paraffing and aromatics
conraspond fo wi%o as reportad in the anticle. The naphthenss value s a maximum potamiial value
calerdated baged on the repovted paraffing and aromatics vatees, {The acheal naphthenes vadee
could be fower due o the presence of polar compoands ) This naphthenes weight pereent was
then used to calonlate the naphibanes to aromatios ratin shown in the final row of the able.

Comparative Table 1~ Comparative Kerosens Fractions

Wl Bakksn | Eagle | Bach Cossack | Gipps- | Kutnby | Qua
Ford Ho tand thoe
Paraffing 42 33 45 S4 43 47 34 kit
Aromatics | 14 S i3 i2 i7 20 21 17
Nophthones | 44 49 43 34 40 KR 43 33
{opfonlated,
masimum
potentialy
Naphthenes | 3.1 3.4 3.2 2K 24 1.7 2.0 33
o
Argenatics
ratio
{8683 Ax shown i Comparative Table 1, the highest naphthenss to aromatics ratio is 3.2,
Al bt one of the factions i Comparative Table 1 had o avomatics content of 13 wie or mave,

while the remaining Haction had an aromatics content of 12 w486 bot 8 naphthenss o sromatics
weight ratio of less thas 3.0,

Additional Brbhodinenis

{8083 Embodiment 1. & keroseny boiling range composition comprising a T distillation
point of 208°C or less, # final boiling poing of 300%C or less, o nuphthenes 1o wromatics welgly

patio of 3.2 or miore, sy aroeaatios content of 4.0 ey o 1K wils, and 8 sulfir contant of 150

wppin of less.
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{8084 Embodiment 2. & kerosens boitling range product comprising 1O with to 99 with of
sustainable aviaton foel 1 avcordance with ASTM D766, and 31 wifo to 99 wih of 2 kevosane
hoiling ravge composition, the kerosene Botling range composition comprising a T10 distiflation
poind of 205°C or less, 2 Bnal bodling point of 3°C or ess, a naphthenes o aromatics weight

ratio of 3.2 or more, an aromatios content of 4.0 wi% 10 18 wit

i, and & sulfur content of 100
wWAn o less,

{8085} Embodiment 3. The kerosene bosling range composition or kevosene bothing rangs
product of any of the above embadiments, whersin the kerossne hoiing range composition

3

comprises an aronmiies content of S0 widh 1o 13wty or 480wt o 10wt

{6886]  Embodiment 4. The kevosene boiling range composition or kerosene boiling range
product of any of the above embodiments, wherein the herosens boiling range composition
comprises a naphthenss o aromatios waight ratio of 4.0 or more, or whersin the kerosene boiling
PRIEE COMPOsTon comprises & cetane index of 31 1o 85, or a combination thergof,

{pasT Embodiment 5. The kevosene boiling range composition or kerosene hoiling range
prodoct of any of the sbove sambodimeats, whersin the kerossne boiling range composition
comprizes a fuel that satizfies the speoifications for o jet fued in accordance with ASTM DI6SS,
{68881 Frabodiment 6, The kevosene botling range composition or kerosene boiling range
product of any of the above embodiments, wherein the kerosens boiling range composition
comprises a pour poing of ~H0°C or lower, or wherein the kerosene boiling range composition
comprises a clowd potmt of S0 or tower, wherein the kerosens boiling range conmposition
eomprises a freeze point of T or lower, or & combination therenf

{6889 Embodiment 7. The kerosens boiling range composition or kerpsene boiling range
product of @y of the above embodiments, wherein the kerosene boiling range composition
gomprises & walght ratio of aliphatio sulfir o Sxal sullfir of .03 or more, vy whersin the
kerosene boiling rangs composition comprizes a waipht ratio of veparailing v total pavailins of
3.4 or more, or 8 comwbination thereot,

{80901 Finbodiment 8. Lise of & composition comprizing the kerosene botling range
conmposition sceording 1o ey of the above embodiments as a fuel in an engine, 8 farnace, a
bamer, a combustion device, or a combination theyeod,

{6891} Embodunent 8. Use of the compesition of Fasbodinen 8, whersin the kerosene
hoiling range compesition has vot been sxpossd to hvdroprovsssing sondiions, or whevein the

A8 of lower

distiliate boiling range composition comprisses ¢ carbon intensity of 87 g COseq .

heating value or Joss, of a convhination thereof,
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HHEO Embodinent 14 A method for formung a kerozens boiling range commposifion,
comprising: fractionating s eradeoil comprising a final bolling point of 388°C or mare 1o form at
least s herosene botling range faction, the orade ol comprising a paphthenes to aromatics

vitums ratio of 2.0 or more and a sulfie content of (0.2 wii or less, the kerosens boiling range

P

composition comprising a4 TH disbllation povd of 205°C or {esy, a final bothing pownt o 300°C

ot less, 8 vaphihenes © aromatics weight vatio of 3.2 or more, an aromatics coment of 40 wils w0

18 wit, and a sullie contant of 100 wppm or fess,

{8093 Embodimernd 11, The method of Embodiment HI, wherein the orade ol comprisss a
paraifing comemt of #vol¥s or move,

18894} Embodiment 12, The method of Embodiment 10 or 11 wherein the kerosene boiling
range fractions comprises an aroniatios voniarst of 4.0 with to 12 wily, or wherein the kerosens
hodling range fraction comprises a naphthenes 0 aronatios weight ratio of 4.0 or move, or 2
combination theveof.

(00931 Embodiment 130 The msthod of any of Embuodiments 10 @ 13, farther comprising
blanding at lemt a porfron of the kerosene boiling range fraction sith @ sustainsble gviation fuel
in accordance with ASTM D566

{8096 Enbodiment 14, The method of any of Einbodiments 1080 13, wherom the kerosene
hoiling ronge composition comprises a non-hydrotreated composition that has not been exposed
to more thae 18 psia of nvdrogen in the presence of a catalyst comprising 8 Group VIimetal, a
Croup VI metal, a caialyst comprising g zeolitic framework, or a combination thersof,

{0087} Bmbodiment 15, The method of any of Embodiments 10 to 14, further comprising
exposing the kerosens bothing range fraction (o clay ireatment, acid treatiment, mercaptan
oxidation, or 3 combination thereof.

HEHUY While the present invention has been desortbed and iHhastrated by reforence to
pariicakar smbodiments, those of cedinary skl in the art will apprecisie that the ivention lends
self to variations not necessartly Blostrated hevetin, For this reason, then, reference showdd be
made solely o the appended claims for purposes of deteemining the true scope of the present

invention.



