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Abstract:

Naphtha boiling, range compositions are provided that are formed from crude oils with unexpected
combinations of high naphthenes to aromatics weight and/or volume ratio and a Sow sulfur content
The resulting naphtha boiling range fractions can have a high naphthenes to aromatics weight ratio, a
low hut substantial content of aromatics, and a low sulfur content. In some aspects, the fractions can
be used ns fuels and/or fuel blending products after fractionation with minimal further refinery
processing. In other aspects, the amount of additional refinery processing, such as hydrotreatment,
catalytic reforming and/or isomerization, can be reduced or minimized. By reducing, minimizing, or
avoiding the amount of hydroprocessing needed to meet fuel and/or fuel blending product
specifications, the fractious derived from the high naphthenes to aromatics ratio and low sulfur
crudes can provide fuels and/or fuel blending products having a reduced or minimized carbon
intensity.
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HIGH NAFPHTHENE, CONTENT NAPHTHA FUEL COMPORIION
FiELR
HHE S This disclosure relates ®0 naphiha botling compositions baving high napbthene

contast and fow gromatic content, fuel compositions or fugl Blendstock conyositions made from
vaphiba boaling range conpositions, and methods for formasg such fised compositions.
BACKGROAUNE

{0002} Historically, naphtha boaling range fuels hove been produced from the processing and

apgrading of waditionad crade oils. These orudss can range guite substantially in composition
and properties, but generally ol have compositional sumilanities ~ e they contain o browd range
af compositional constituents {paralling, soparaffing, nophthenes, aromaties) and contain percent
levels of sullur, ssphaliones and other residual matenals, These orudes repive a significant
amounat of processingfuperading to producs optinyal foel product distribotions. Conunon refinery
processes necessary 1o update these orude feedstocks may include; distillation, hydredresmtment,
erackimg (hy girmuukmm FOC, vishreaking, cokimg, ete), and alkvlation. Depending on the
gqualitv of the initial orude feeduioek, the depres of processing and the associated quadities of the
products can vary substantially, Not ondy can fus resadt i varlations of the finad compositions
aud gualities of the fuels, but also 1w the amount of resources reguired o convert the crude
feedstocks o the various fuel products.

HE IR The amownt of resoarces veguired for processing of utial orode Teeditooks W form
naphiia botling range fuels can substantially ingrease the cavbon mntsnsiiy of the resuling
distillate fuels. o would be destmble to develop compositions and corresponding methods of
makng composiiions that can produce naphihe hoiling range foels wiih reduced or mmimised

carbon intensities.

{0004} Aav srticle ttded “Tapact of Light Tiglu Odls oo Diwtillate Hydrotreater Operation™ in
the May 26 issne of Petrolenm Technology Quarierly desoribes hydromocsssing of kerosens

and diesel botling range fractions derpeed from tight oila.

{0808} TS, Patent Application Publication 201780183573 describes fuel compositions
formed during hvdroprocessing of dessphalted oils for lubricans production.

SEIMMARY

HE L iy sopne aspects, o naphiha bolling maoge composttion i provided. The naphtha
bordling range composition inchudes & T90 distilladon pednt of B°C or Tess, a naphihenes content
of 6.0 wi% © 15 wity, a naphthenes 1o aromatics waight mtio of 6.0 or more, and g sulfur content
of 10 wppm or less, Optionally, the naphihe bothng range composition can inchade a research

ootane nuntber of 7O or more, or 83 o pove.,
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{6807} {is soma gspeots, @ napdetha boing wuge compositum i mrovided. The naplitha
boiline rangs compasition inclades 3 THE distillation point of 3050 or more, & TWE distillation
point of 210°C or less, a naphthenes content of 35 wih o 30 wils, v naphibenes (0 AIOMAICS
weight ratio of 4.0 ar more, and a sulfar content of 100 wppm or less. Optionalty, the naphtha
bothing range compostiion can include a naphthenss o aromatics raiio of 4.5 or mors, and a T8O

distilfation potnt of 80°C to 13070, Opiionally, the naphtha bolling range cowposition can

wmelude a research octane number of 535 or fess andior a Dlending research ociane number of 6G or
EHR.
{H808] I some other sspects, 8 naphtha boiling range composition s provided. The naphtha

boiling range composition inclodes a T10 distillation point of 1°C ormore, a THO distillation
pomt of 210 or less, & naphthenes content of 34 wi¥h to 30w, a naphthenes to aromatics
weight ratio of 3.0 or more, and 3 sulfur content of 100 wppm or less, In some aspects, use of
such napldba bothng rangs compasibions {r compaositions inchuchng such naphiha hosling range
sompasittons) as a fusl o an sopging, 2 fRrpace, 3 bumer, a combusiion devics, of 8 cambination
thereod is provided. Optionslly, the naphihs boiling range composition has oot heen exposed w
bvdroprocessing conditions. Optionally, the napbtha boiling range composition {or the
composition inclading the naphtha bothing range composition} can have a carbon intensity of 94
g COneq < MUY of lower beating valoe or less,

16609} o aspects, o method for Poranag sueh waphitha bovling rapge compositions is
provided. The method can ncluds Hactionating o crude ndl comprisimy a Bnal bealing pevnt of
SEPC or more i form at leasi a naphtha bothing range faction, the crude oil comprising 3
unaphtbenes © aomatics volume ratio of 3.0 oy more and a sulfor content of 8.2 wit%s or less.
BRIEF DESCRIFTION OF THE DRAWIDGE

HEE FIG. | shows compositions! information fw various srude oils.
{6811} FIG. 2 shows compositiona! informaiion fiw varons crude otls.
{012 FIG 3 shows measured compaositional values and properties for varions straight vun

Light naplaha factions.

ey 3 Fi3. 4 shows modeled composttional informstion for varfous straight run full-range
naphiba fractions.

{ai4} FIG. 8 shows modeled compositional values and properties Tor savious straight run
fullrangs aaphihs factons! speaifioally showing five seleot high napdithensdn-aromatis ratio
naphthaz and one conventional naphthyg from FiG. 4

j301 5] FIG. & shows modeled compositions] tnformation for various heavy sivaight run

naphtha fractions.
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EHEE LY FIG, 7 shonws modeled compositional values and properties for vanons heavy straight
run naphtha fractions: specificatly showing six select high napbthone-to-aromatic vatio naphthas
and one comventional naphtha fom FIG. 6,

L Fis # shows measured compesitional values and properties for varinus straight run
kerosens botling range fractions,

DETAULED DERCRIPTION

{0018} {n various aspects, ngphiha botling range compasitinns are provided that are formed

from crude iy with unexpecisd comnbinations of high naphthenas 1 armmatics weight andior
vohape rato and a low selfie content. This unexpected combination of properiies s
chargeteristic of crude oils that can be fractionated w form naphtha botling renge compositions
that can b used as fuels J fuel blending produds with reduced o nintmized processing. The
resuiting naphiha boiling range fractions cag have 3 high naphthenes to aromatics weight maitio, a
fow but substantal content of aromatics, and a low sulfi contgat. In some aspects, the fractions

~

can be nsed as fuels anddor fuel Mending products after fractionation with nunimal farther

refinery processmg. In such e}.ﬁpe{:{x the fracttons can be usad as Tuek anddor fuel blending

processes. i other agpects, the gwnount of additional refioery provessing, :ﬂit.h as hydrotreatment,
catalyiic relorming andfor isomerteation, can be reduced or minimized. By reducing,
mindmizing, or avoiding the amount of hydroprocessing needed to mest fuel andfor fuel blanding
produgt spectiicanons, the Fachons dentved from the ngh naphibenss o aromatios ratio and low
sulfur orades oo provide fuels andfor fugd Bending products hyving a reduced ov minbmvized
carbon intenstiv. I other words, due 1o this reduced or nunimized prooessing, the net smonnd of
{0 generation that is reguived to produce a fuel or fuel blending component and then use the
resulting fuel can be reducesd. The reduction v conbon intensity can be on the order of 1%~ 1085
of the totgl carbon intensity v the fusl This 18 an unexpeciad benefit, given the ilficully in
achieving even sroall improvements iy carhon ntensity for conventional fuels andior fuel

blending pmd uCis.

: Gen e, the e T O aromaiics waieh! mto in a naphtha boiling range
0819 Generally, the naphthenes to aromatics wight mio in a naphtha heiling rang
fraction, prior io hvdrotreating, can be 3.0 or more, ot 4.4 oy more, or $.% or nwore, or 5.4 or mong,

o 3.5 or more; or &40 or more, such as up o 13, or possibly sl lugher. For napbtha fracttons
inchuhng o heavy naphtha portion, the naphihenes to aromatics ratio can be up o 7, or possidly
sl higher

LY The nature of the high naphthenes 0 sromatios ratio can vary depending on the type

of naphtha fraction, For a napliha faction thay neludes only Heht naphiba, such as a naphiha
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fraction with 8 TH distilistion puinl of 8°C oy fesy, o 7000 or lesy, the amount of gromatics in
the paphths fraction con be relatively lw. Fow exampde; for a Haht napbthe faction, the
gromatics content can be 3.0 with or less, or 20w or fessg, or 1.5 wi%h or less, such g3 doveio
5wty or possibly stil fower. For such hghi napitha fractions, the invreased naphthenes to
aromatios vatio v due to having bttle or no aromatios while having o Jow but substastial
aaphthenes coment.

{0021} By comtrast, m aspects where the naphtha fraction bas a T90 distillanon point of 70°(
oF more, 8¢ or more, HEFC o more, o FFOC o more, the high naphthenes 0 aromatios rafio

i ot due o an excesaively knw content of aromanics. For exasmypsle, sech g napbtha boiling ronge

composition can clode 5.0 wit¥ o owh of aromatics, or 6.0 with o 11w, or 70wl o
P10 wit, o 9.0 ot to T wi®s or 6.0 wi%s 1o 9.0 wids, or 7.0 wit o 1.0 wits. In sueh
aspects, the moreassd naphthenss to aromatics weight rafio is dus o an unexpeciadiy high
cofitent of naphthenes relative 10 the coment of aromancs, I such aspacts, the naphtheoey

content of the naphths fraction can be 34 wi% 10 30 wids, or 35 wi%s {0 30 wite, or 34 wits (0 45

Wi, or SO WSt S WPt or 43 with to 48 with.

16622 Iy addiiion to » hgh naphthenes to aromatics ratio, the naphtha compositions can have
a subfur content, prioy (o any opticual hydrotresting, of 100 wppm or less, or 30 wppm or loss, o
30 wppm or less, or 30 wppm o less, ov 1 wppm or less, such as down 1o (1.3 wppm or possibly
sl dowwssr,

{6023 Inovarious aspeats, s naphiths bothng range composition having a high naphthenes
arvnatics matio, a low sulfur content, and optionally a Tow bul substantial aromatics contant cim
be used, for example, as a straight ran blend component for gaseline. Additionally or alisimately,
a naphtha fraction having a sulfie content of 2.0 wppm or lesa, or 1.0 wppn or kess can be used
as a straight run feed {or isomeriaation auddor ettalyviie reforming. In oty wouds, the naphiha
fraction can be used withoud sxposing the naphtha fraction 1o hydroprecessang conulitions,
thereby redacing or punimizing the amount of refinery proceaging. It vivious gspects, 4 naphtha
botling fiel { fuel component formed gt Teast in part from a naphtha boiling range composition
with reduced or mmimized refinery processing can have a carbon intensity from P 10 10%%
Iower {or possibly more) relative (o a naphtha botling range fiwd that was hydroprocesssd.

{06343 Yot another propeniy of the naphiths boiling range fscthons i an ungxpected eresse

ciane nurnbar rolative 1 the researeh ootane number. The hlending octane munber

53

in blending

represents the octane number for a naphiba fraction when blended with another fraction. In
various aspects, the research octane number Ror o fullvange saphtha fraction can be between 44

and 8%, or 47 and 32, while the hlending octane munber can be between 50 and 70, or 65 and 70,
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o 6% ard T In verkous aspeuds, the resserch octane munber 07 8 bewvy napditha faction can be
between 2% and 1, or 36 aud 38 or 30 and 36, while the blending octane number can be betwween
S5 and 63, or 56 and &3,

LHIEGY Siil sther propeniss of & naphtha hoiling range counposition can inchade x smoks
poand of 33 num o 36 nun, or 38 o 38w a threshold sooting index of VT o less, o T oy
tess, or & or less) anddor o Kinematic viscosiiy @ S0PC oF 074 St 092 oS, or 178 ¢St w0 4.9
oS, or GLEZ 051 o QL8R o8t

{6826} For o strafeht run napbths fucton, Ravinga kigh saphilicnes o aronatioy oty while

%3

stilt haeing o low bat substantia] saromatics contens s onexpectend due o e rivg stnictarg
present in both naplthenes and sromanies, Conventionally, a high vaphthenes to aronsatics ratio
would be censidersd unfavorable due o the lovwer octane of naphthenes relative 1o arvmatios.
However, it has besy unexpeciadly discoverad that the ngh naphthenss o aromatics ratio
saphiba fractions have 3 blending oviane sumdber comparable © a conventonal naphths, while
aciuding 3 reduced or minimized ameount of wromatics. Becwuse wromstics in gaseline tend 1o
incresse the amou of eadestrable sonssions, the anexpecied condsination of low arcenatics
while mamtaining & desirable octane {research oclane sumber sandior modor octine munber) i
heueficigd, Additionally, due o regnlations that restrict bevzens content tn uaphiba bothing range
fuels, & naphiba boiling range fos! that can movids high octane ax o blending componel while
having reduced srommatios is beneficial
{0027} Iroadihiteon to having o vecduosd or sunimized cwrbon intensity as o sepavate fued
fraction, a naphtha hedlbse range fraction having a high naphthenes © aromatios ratio and g Jow
bui substantial aromatics contens can also be combsined with oae or mors renewable fuel fractions
o form g fuel with a reduced carbon intensity. Renewable fuel fractions mchade, for example,
hio-derived sthanol, reaewable others such s mthyl or ethyl tert-butyd vthers), sud rsaowable
swciane: Such a blond has syoerpistic advantages, 98 blending a naphtha boiling range fraios
ay deseribed horetrowith @ renewable fraction cay provide & low aromatic content gasoline that
also bas a reduced carbon intensity,
{0828} The lower carbon mignsity of ¢ el containing af Ieast a poation of a naphtha hoiling
fraction as described herein can be realized by tsing o fued containing ot least o portion of sueh o
napditha bolling range fracnon v any copverpent type of combustion device, $b some aspects, 8
fued containing af least o portion of a naphtha hoiling range fractions a3 desontbed herein can be
used as fuel for a combusiion engine i a ground ransportation vehicle, an sirerall engine, &

marine vessel, or another convenient type of vehicle, Sl other types of combustion devices can
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moiods geuerators, furnaces, engives in vard squipanent, and other combustion devicey that ag
used o _§§rtwi(§ﬂ hest or power,

{6029 Fased on the weexpeciad contnnstions of compositions! propesrties, the naphtha

bodling range compasitions can be used o produve fuels andfor fuel Meading yroducts that alse
sanerate reduced or mbmomized amounts of other undesived combustion products. The other
undestred combusiion products that can be reduced or minimired can include sulfiur oxide
compronnds (SON), soot, pavticulste malier, and nittogen oxide compepds ENOX). The low
sulfor oxide production i due o the gnexpectadly fow salfur cordent of the compositions. The
high napbthees 1o wromatios rano can silow for a cleaner burning foel, resoliing in less
mconyplete combustion that produces soot and NOx.
{34 It has been discovered that selecisd shale crude oils are examples of cnude oils having
an anexpeciad cembination of high naphthenss to aromatics ratio, a low bl substantial content
of aromatios, and a Jow sulfur content. T various aspests, a shale 0ff fraction can be included as
part of & fuel or fuel blending product. Examples of shale oils that provide this unexpected
combination of properties nclude selected shade otk extracied from the Permian basin. For
convepiance, unless otherwise speciliad, it is understood that reforences to meorporation of g
shale ol fraction futo a Tuel alse inclode meorporation of such a fraction e g foel bleading
product
Drefinitions
THIRE Y Al mmnerical values within the detatied description snd the ol horem are

muntified by “abeut™ or “rpproximately™ the indivated valug, and tyke into account experimental

errov amd variaiions that would be expeoied by 3 parson having ordinary skill i the art
{6032 In this discosaion, a shale crude o is defined as a petroleam product with a final
hoiling point grester than 330°C, or greater than S00°C, which is extmoted from s shale

petrolennt sourcs. A shale oif fraction is defined 35 a boiling rangs fracuon dertved froun s shale
crade ofl

{0833] Unless otherwise specilied, distllation points and boiling points can be determined
avcording to ASTM D2R/YRT. For samples that are outside the scope of ASTM DIEEY, D169 can
be used., I s noted that stil] other methods of boiling point charscterization may be provided in
the exgoaplen, The valves generated by such othey woethods are believed ¢ be ndicative of the

vatues that wonld he oliained under ASTRM DISRT7 andfior DTS,

8341 in this discussion, the jet fuel boiling range or kerosene bothing range 1s defined as
FRIPC {0 3005, A et fuel botling range fraction or a kevesone botling range Baction s defined
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as g Fraction with an wmitis! bodling poiat of 14°C or mare, & T10 distillation polst of 208°C @

fosw, sond o Sosl botling point of 300°%C or less.
j6035] in this discussion, the naphtha bosling range 15 dehined g roughly 30°C 10 2000, Tt
is noted that the hailing point of Cs paraflins 15 roughly 2080, so naphthe bodbing ranee can

alternatively be reforved to as Cs - 20, A napbiha botling range fraction iy defined as a
fraction having a TH distitiation pout of 30 or more and & TY0 distillation point of 180°C o
less. In scame aspects, a light naphtha fraction can have a T10 distitlation point of 3°C or move
amed g TOO distillaticny point of B9 or legs. I soape qapets, & heavy naphtha fraction ot have g
T disnllation petnt of 80°C or more, or RO or wore, and a THO distillation point of 180°C oy
less. A shale ol naphtha botling range fraction is defined as a shale oil fraction corresponding w
the naphitha botling range.

{36} In this discussion, the distilate boiling range is defived as 17FC o 36680 A

distillate bothng range fracton is defioed o a facton hiving

&

a V1o distiliption potar ol 170%C oy
mare gnd g TH0 distllation point of 380°C or less. The diese! boiling range is defined as 170°C
0 3TN A diesed bodling range Traction i defined ax a fraction having a TH distillation point
of 170°C or more, a final borling potnt of 3T or more, and a TO0 distillation point of 370°C o
less, An atmosphoric resid s defined g5 2 bottoms Traction baving g T10 distillation pownt of
149°C or higher, or 330%¢C or higher. A vacwmum gas oif boiling range {action {(also refervred 1o as
a hoavy dintilate) can have & THE dianllation pomd of 330°C or igher and a TY6 distillabion
pomt oF S350 or less, A vacoon resid 13 defined a5 a bottomas Fraction having 8 TH distitlation
point of SO0° pr higher, or 363%C or higher. It is noted that the definitions for distiflate boiling
raage fraction, kerossne {or je1 fuel) boiling range fraction, dieset boiling rangs fraction,
atmospherte resid, and vacwon resid are based on botling potnt only. Thus, o distilhte botling
range {raction, kerosens fraction, o diesel fraction can iclude componsatys that did ol pass
through a distilation ower or other sepuration stags based on boiling point. A shale oif distiliate
Bothing range fraction is defbred ay a shale ol Fraction covresponding o the distiHate bailing
range. A shale oif kerosene {or jet foel) boiling range Iraction is defined as a shale oif fraction
corresponding o the kerasene boiling range. A shale o1 diesed boiling range finction i5 defined
& o shale ofl fraction vorreapounding to the diesel botling rang

{0837 o some aspeots, » shale off fracton that s ncorporated into v feel or fael blending
prochuct osn covvespond (o a shale ol Baction that has not been hvdroprovessed andfor that has
it heen orscked. In this discussion, s ﬂﬂﬁahf@ﬁ;‘@pﬁ}' ssed fraction is delined as a fraction thit
Bas not been axposed o more than 10 psia of hydvogen in the presence of a catabyst comprising a

Grroup VI metal, a Group Vil wetal, o catalyst comprising g zeolitie Famework, ora
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combunstion therend Tn this discussion, o noworacked fraction isdefined as a Daction that hes
not been exposed 1o o temperatore of KO or move.
j6038] s this discussion, 8 hydroprocessed fraction refers o g bydrocarbon fraction sndfor
hyvdrocarbonacsous Fraction that has bean sxposed 1o a catabst having hvdroprocessing sotivity
i the presence of M8 kPa-a or morg of hydrogen at a temperature of 200°C or more. Examyples
of hvdroprocessed fractions nchade hydroprovessed naplibs factions (Le., a hydroprovessed
fraction having the naphtha botling range). A hvdroprocessed fraction can be hydroprcessed

PEDT 1 sepavation of the fraction from a crude oif or ancsher wader bovbing range Haction,

{0039 With regard to characterizing properties of naphths boiling range fractions sudior
blends of such fractions with other components to form naphtha boiling range fuels, a variety of

methods can be used. Density of a bland 5t 13°C (kg ¢ m’) can be determined according ASTM
D032, Salfur (o wppm or with) ¢an be detenmined according to ANTM D2632. Smoke pomt

camt be determined §§£‘{Tf}§'§.§it}g 10 ASTW 313232, Research octane nomber {';_»z.{mﬁ:a cas be

ﬂﬁtcording to ASTH D760 Bimsidi‘.ng ooiete rumber can be defermined i}y making bleads of a

naphtha sample wath a koowy refereoce haod Guch as foleene or isooctane) and ealeulating the
xtgme inorease as o fmetion of intreasing concentration by using D699 anddior DTG w

determing the RON and MON {respectively) of the blends. Arcunatics content can be determined

according to D319 Naphthenes and paraffins can be detenmined asing ASTHM DATHL

{6048] In this discussion, the torm “parallin” sefbes o aspturated hedrocarbon chan,. Thas, &

paraffin ix an alkane that dogs not include 3 ring stracturs. The paraffin may be straighi-chain or

branched-chain and is considared 0 be o non-ting compound. “Paraffin™ 13 intended to embrace

all structural isomeric forms of paradfins.

{041} In this discussion, the lerm "mgiztf‘zr‘ne refers to a cycloalkane (alss known as

sycloparsfiind, The term nuphithate encinpasses single-ring mphﬁhcn@s and muli-ring

waphthenes. The malti-ring m;}ht}mncs may Bave Dwo oF more rings, &.g., two-rings, thres-rings,

g

four-rings, five~rings, six-rings. seven-rings, eight-rings, nimewin;}s, and tenerings. The rings may

be fused andfor bridged. The naphthene can also include various side chaing, s £ Or moe

alkyl side chains of 1-10 carbons.

{6042} Foy this scussion, the tor “seturates™ refers W all strsiahe chaby, branchad, and owelic
paralfine, Thus, saturgies corresponad {0 8 combination of paraffing and naphthenes,

8431 in thix discussion, the term "aromatic ring” means five or six gtoms joined m a ning
struciure wherein (1) at loast foor of the stoms jowned o the ning stracture are carbon atoms and

{1 gl of the carbon gfoms Joined in the ving structure are gromustie carbon atoms, Aromatie rings
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having wstoms attached 10 the ring (B, one o morg i}f:i.emai{}nm, oue o prae cavhon Moms, sie)
but which sre not part of the rivge strocture sre within the scope of the term “aromatic ring
Additionaily, it s neded that ring structures that inchude one or more heleroatoms {such as sulfur,

¥

HEOREN, oF axveen) can comespond to an “aromatic ring” i the ning structure otherwise falls
within the definition of an “aromatic ting”.

HEEY I this discussion, the tevm “oon-wromatie ving” meany fur o voure carbon aioms
Joined 1 at least one ning structure wherent al kast oo of the foar oy mors carbon ataos i the

rifig structure is nod an aromatie carbon atom, Aromatio carhom moms can be wlentifiad vsing,

e, 0 Noclear magnetic resomance, for example. Nov-aromatie rings having stoms atfached w0
the ving {e.g., one or more heteroatoms, one ovwore carbon atoms, efe ), bat which ave not pant
of the ring struchurs, ars within the scope of the termt “non-arontatic ring.”

ST In this discussion, the term “aromaties™ refiers 10 all compeunds thst mcluds at least
one argmaie ring. Sach cormpounds that include at {east one aromade ting nchude comapounds
that have one or more hydrocarbon substituents, 1 is noted that a compound including ot least
one aromatic ring and at least one sonwaroanatic ring ks within the definibion of the rerm

Caromatics”

{0846 1t 15 noted that that some hydreoarbous prosent within g feed or prodact way full
atside of the delimtions for paraffins, naphibenes, and arpmatics. Fiw example, sy alkenes that

are not part of an aromatic compound would fall outside of the above definitions. Similarby, non-~
argmatic conpounds that mclude o hoterontonm, such as sulfar, oxvgen, OF nirogen, ave not
avtuded in the definition of pargfMing or naphthenss.

Lafe Ovele Assessment and Carbhon Intensity

{0047} Life ovele assessment {L0AY 15 a method of quantifving the "comprehensive”
savironmental inpacts of wanuiactured products, ingluding fuel products, from "oradis o
prave”, Eovirsunental impacis may include greenbouse gas (OHGY emissinns, frashwaer
ivpacts, or other impacts o the epeiromnent sssoctated with the Onished prosdact. The gevessl
guidelines for LCA are specified in IS0 14040,

~

{0848} The "carbon intensity” of g fuel prodoct {o. gaseling) s defined as the e owele

by

12

{GHG enissions associated with that product (he OUheg) relative (o the energy conmtent o that
fuel product (M, LHYV basis)y Lite oyele OHG epusasions associated with fued products nst
inchide GHO smissions assooited with orads o production; grude oil transporisiion 0 s
refinery; refining of the crude oil] transportation of the refined product to poimt of "0l and

combuastion of the fuel prodact.
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LR GHRO ambssions associated with the stages of velined product e vyeles mre assesse
as follomex,

LA {1y GHG ernissions assocmtad with disiling and well completion - inchiding hvdraahe
fraciuning, shall be vormalized with rexpont 10 the expected uliimate recovery of sales-guatity

crade of from the wall,

HERYY {2y AN GHG enussious associated with the pma;ix,miism of oil pud associaled gas,
meluding thoss sssociated with () operation of argifioial Bt devicss, () sepavation of nil, gas,

amd water, {0 orushe il stabiization soddor upgrading, stz other GHOG smssions sourves shall
be normabized with respect 10 G volume of ol wransferved w aales (a.g to orade oif pipelines or
ranly. The fractions of GHG envssions ssseciated with production equipment 1o be allocsted to
wrude otl, natural gas, and other hvdrocwmbon wroducts (e g, natural pas hauids) shall be specified
secordancs with 150 14040,

{has2) {33 GHG emidssions associawed with vall, pipeline or other forms of wavsporation
benween the produciion site(s) o the refingry shall be normalized with respect 1o the volume of
crade ol ransforred to the refinery.

{68531 {4y GHOG emisstons associated with the relining of orude oid to make figuefied
petroleunt gas, gascline, distilinte fuels and other products shall be assessed, explionly
sccotding for the matanal Hows within the refinery. Thess smissinns shall be sormalized with
respect to the volume of crude il refined.

{0054} {51 All of the preceding GHOG ormssions shall be summed 1o obtn the "Well to

refiery” (WTR) GHG mteasity of orude off (v g ke Clueg/dbl crude).

{0055 {63 For sach refined product, the WTR GHO emissions shall be divided by the
product vield (harrels of refined producybarreds of crudel, and then multiplied by the share of
refinery GHG specific 1o that refined product. The allocation prosedurs shall be coaulueted in
socordancs with 15O 14040, Thix procethire vields the WTR GHG mdensiiy of each refined
product {e.g. ke CO:eqbbl gasoline),

{0836} {73 GHG enussions associated with rail, pipeline or other forms of transportation
between the refinery and point of fueling shall be normalized with respect to the volume of each
refined product sold. The sum of the GHL emissions associsted with this step and the provious
stey of this procedure vy denoted e "Well wrtank™ (WTT) GHOG fnvensiny of the refined produst,
{aas7y (%) GHG smissiony associgted wathithe combustion of refined products shall be

assessed and pormalized with respect to the volume of each refined product sold

{HISEY {93 The “carbon intensity™ of each sefined prochact i the s of the combustion
errtissions (kg COxeqbbD and the "WTTY ennssions (kg CQhregbbll velative to the energy valug
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of the refined prodoct during combustion, Followhig the convention of the ERPA Resewable Fugd
Standard 2 these cmiasions are exprassed i terms of the lower heating vatoe {LHYY of the fiel,
re g COregMI refined product {LHY basish,
{059 In the above methodolopy, the dominant contribution for the amount of TO; produced
par M of refined product s the OO formed during combustion of the product. Because the (I
generated duning combusiion s such s high percertage of the total cwhon intensity, achieving
evan small or incremendat reduciions in carbon intensity has iradinonaily besn challenmng, n
VRAOUS aspEoly, it has beon discovered that taphihs fractions datived from selected orudde oils can
be ased © Rorny foels wath reduced carbon intensities. The selected crmde oils correspond o
crude oils with high naphthenes to sromatics ratos, low salfur content, snd a low but substantial
aromatcs coartent. Thixy combination of features can allow for formation of a naphtha fraction
from the crude oil that requires a reduced or sunimized amount of refingry processing m onder io
mgke a fuel prodoect anddor fuel Mending product.
{ho6n] in this discussion, a low carbon intensity furl ov fuel blending product corresponds 1o
a fuel or foel blending product that has reduced GHO emissions per wdt of lower of heating
value relative to a fuel or fiel blending product derived from a conventional patrolawan source.
In seme aspeets, the reduced GHEG ouissions can be due in pert 1o reduced refinery processing,
For example, {ractions that are not hvdroprocessed for sulfun removal have reduced wellio-
refivery smdssions relatbve fo fractions that regquive hedroprocessing prior fo ineorporation B0 a

fuel. o various sspects, su anexpeciadhy hgh woght st of naphthenes v sromatics i g shale

otl frgction van dlicate a fraction with reduced GHG emissions, and therefore it lower carbon
mensity.
{0061} For o conventtonally produced napbtha bosling range fuel, a carbon mtensity of 96,2 ¢

CQaegp MY relinad produodt o pars would by expested based oo e ovele anshesis, By reducing
o minindaing refieey processing, @ nupdihs boiling range fuel con be formed with & corbon
inesity oF 98 @ €Oy £ MIE of lower hesting value ov less, or 94 g COregMF ov foss, or 92 gf

Cneq or less, or 90 ¢ COseg 7 MY of Tower heating value or less, or 88 g COheg / MY of lower

hesting value or less, such as down to 86 g {Cheqg / MT of lower heating value or possibly still

Iower.
{0863 Yet other wayy of reducing carbon intensity for @ ovdrocarbon fraction van berelated
o maethods used B exdraction of a orade il For example; sarbon intensity for a fmction can be

reducsd by wsing solar power, hysdroelectric power, or another renewable energy source as the

power source for equapmant vobved i the extrachion process, either daring driling and well

completion anddor duning production of orude otl. As another example, extracting erude ofl from
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an extraction sits without using artificial 1 can reduce the catbon inensity sssovigted with g
fizet.
Ontonal Trestment of MNaphhs Fragions
{3 In siunie aspents, & naphtha hadling range fGection can be used 98 2 heating fusl oran

aviomotive Nuel withowt hvdroprocssaing of the napbitha fraction. In other aspecis, one or more
types of processing can be performed on a naphtha botling vange Faction. Examples of types of
processing include, but are oot bmited 1o, hvdrotrentment, Isonerization, and reforming.

{HE Y Optionaltly, 5 naphths botling range fraction can be treated In one of ore
hydrotreaiment stages, The hvdrotresiment can be performed before ov after Bactionation 1o fonm

the naphtha boitling range fraction or diese} boiling range froction. Generally, the processing
PU e

P

vonditions will all within the following ranges: 475%F (o GO0°F {246 10 31670, 1530 psig lo
SO paig 1.0 MPag 1o 3.5 MPagl total pressure, HE psig 1o 300 psig (~0.7 MPag o 2.1
“Pag) hydrogen partal pressure, 1000 1o 2500 SCFE bydrogen et gas (17010 428 No'va™),
anmsd 1-10 't LHSV. Examples of naphtha hvdrotreating catalvsts can include catalysts having

combinations of Co, N, Mo, and W suppeated on a refractory oxide support, such ax silica andir

alumina,
Ho06S] Ancther options process or 2 naphtha fection is somerteation, 1 relom the

parailing in the naphiha o higher octane branched paraffios (e, isoparalfing). Duoe oosalby
sensitivity of the catalvsts used for paraffin isomertzation, the naphtha feed to an isomerization
process oan prefembly have a salfur content of 1O wppm or loss, such as dows to B wppn, o
possibly still Tower, In sorme gspecis, & stratphi run Heht naphtha fraction as describe herain can
have g sufliciently low sulfr content for use as a fead for paraffin isomearization. in other
aapects, & naphtha feed nchuding & heavy naphtha portion can be exposed to hvdrotreatiment
conditions prior 1o use s 8 foed for paraifin omsrization,
jiHine] A gxamyprie of 3 paraffin isomerieation catalyst can corespond (0 g catalyst that
nchudes an aluming base, a platinom group cloment (P P, R, Rh, Os, Iryor Ge, and o chiovide
component. Other types of catalysts are also available, although bigher somerivanon
tpmperatures may he needed. The tompersture for the parailin isomerization process can be
between G0N fo IFHFC, or 405 fo 18OV, depending on the nature of the catabyst. A varisty of

pressares and space veloctdes may e used, such as pressures from 30 psig o 13K pai

MFag to HL3 MPag) and spuce velooities from 1 bt to S0 kel
Hitie 7 St another aption can be fo use a naphtha boiling range fraction as 8 feed for a
catabytic veforming process. Catabetio reforming can be ased to convert saphihenes w2 naphila

fraction o aromatios, which both generates hydrogen Owhich can be ased in other refingry
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provesses d and produves & neplitha product with wreased ovtane. Opticually, some of the highey

eotang companents penerated dariay catalyviie reforming, such as xylepes, can be aeparated out
for wse as spectalty chemicals,

{068] A wids vanety of catabests can potantialiy be used for eatabvtic reforming. Generally,
the catabysts can wchsde Pr oy anothey metal with bvdrogenation & debvdrogenation astivily on g
suppoert, Optionally, the suppon can have soudic properties, such as a support that includes some
alumimpn chioride. Catalvtic refornnng s ong of the older relipery procssses used i modem
refineries. Preforably, the feed 1o g catalyvtie reforming process can also have a sullor content of
1 wppan or less,

Characterization of Shale Crude Oils and Shale Oil Fractions ~ Geneyal

LIS Shale crude oils were obtained from a plorality of differemt shale oil extraction
wonrees. Assays were porformed on the shale crude ofls to determine various compositionad

charavieristics and properties for the shale orude ods, The shale erude ofls werg also fractionated
o form vartous types of fractions, including fractionation into atmospherio resid fractions,
vacuam restd fractions, distiliate frections {incleding kerosene, diesel, and vacumem gax ol

boiling range fractions), and naphtha Bactions. Various types of chavacterization andfor assayvs

werg also performed on these additonal frachions,
jotTi The charactencation of the shale crude pily anddor enude il fractions included a
variety of procedurss that were used to generate data. For example, dats for boiling ranges and

fractional distillation podds was generated nsing methads stntlar i Compositional of pesudo
covpositional analysis sueh as ASTM DO730 anilior ASTM DIRRT. For compasitional fentures,
such as the amounts of parsffing, isoparaffins, olefins, naphibenes, anddior aromatics y a crude of
andfor crade o fraction, dats was generated using methods atmilar to conmpositional or pacudo
compostiions! analyvsis such as ASTM DET30 suddor ASTM DOEXY. Data related 1o ook podit
was generated using methods similay © ASTM D322, Data related o sulfur content of 8 crude
ol snddfor crade off Draction wis penerated using micthods stoilar 1o ASTM D262, ASTM
134304, andior ASTM D3443 Duta related 1o density {such as density a1 157°C) was generated
using methods similar to ASTM DI1298 andior ASTM D032, Data related o kinomatic viscosity
{such as kinematiic viscosity at HIPCH was goperated using methods sumilar (o0 ASTM D443
andfor ARTM T2,

jou7Y The dats and other mossured valoes for the shale crode oils sud shale ol factions
were then meorporated infd an existing data Bhrary of other representative conventional and non-
copventional orade oils for ase w an empinical model. The empivical medel was used o provide

pradictions for compositional charactoristios and propevties fy some additionad shale ofl fapetions
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that weve pot dirscthy characianieed sxperimertally, In this discomsion, data values provided by
this empivical modebweill be desoribed av modeled data. Ty thds discussion, data valoes that are
not otherwise labeled as modeled data corvespond to measured values andfor values that can be
divectly derived from measured values. An example of such an empirical model is AVEVA
Spiral Suble 20192 Assay by AVEVA Selutions Limited.
{0072} FIGS. 1 aud 2 show examples of the unexpected combinations of properties for shale
crands ails that have 3 high weight ratio anddor volums ratio of vaphthenss (o aromatics, In FIG,
i, both the weight ratio and the vohune ratio of naphihanes 1o aromatios s shoown for five shale
crudde otls relative w the weight ¢ vohane percantpge of paraffins in the shale crude ol The top
plot in FIG. 1 shows the weight ratio of naphthenes to sromatics, while the bottom plot shows the
vedume ratio, A phaality of other represestative conventional crudes arve also shown i FIG. 1 oy
comparison. As shown in FIG. 1, the sslected shale orude ofis desortbed hagein have a parafiin
content of graster than 40 wids while also having & weight ratio of naphihenes o aromatics of L8
or more. Ninnlwrly, 35 shown in FHE. 1, the selected shale orude oils described herein have a
paraffin content of greater than 44 vol% while also having a weight ratio of naphibenes to
aroamatios of 2.0 or more, By contrast, none of the conventional crude otls shown i FIG. | have
a stk combination of g paraflln content of groater than 40 wi% and o weight ratio of
naphthenes 1o aromatics of 1.X or more, w a cownbination of paralfin content of greater than i
volth and a weight ratio of naphihenes to aromatios of 2.0 or more. It has been discovered that

this suexpeciad somdination of naphthenes o aromatics ratio and pavatfin content s prosent

thronghout various fractions that van be derived from such selestad crude oils,
{0873 inn FIG. 2, both the volume rauo and vweight ratio of naphthengs o aromatics is shown

for the five shale crude oils 1 FRG. 1 relative o the weight of sulfur in the orude, The sulfin
content of the crede i FIG. 2 b ploited on @ logarithimie seale. The top plot in FHG. T shows the
weight ratio of naphithssex to aromatics, whide the bottom plot shows the volume ratio, The
pdorality of other representative convantional crude oils are also showy for comparison. As
shown in FIG. 2, the selecied shale crode oils have naplithene to sromatic volime mtios of 2.0 o
morg, while all of the conventicnal orude oils have naphthene to aromatic volume ratios beloew
LR Sunthady, os shown ta FRE 2, the selected shale crude oils have naphthene to aromatic
welght ratios of 1.8 ormwore, while ol of the conventional crude oils have paplubene o aromatic
weight ratios below L6, Additionathy, the selegted shale crude otls have g sulfur content of
rovnghly 001 with or less, while all of the conventional orude oils shown in FIG. 2 have a sulfur
content of grepter than 0.2 w85, | hag bewn discovered that this waexpested combination of high

vaphthens to svormatics ratio aud Row sulfur s present within varjous fracticus that can be denved

CA 03179209 2022-11-17



WO 2021/237034 PCT/US2021/033568
-1

R
H

from such selavied vrude oids. This anespected corslunation of properties contributes o the
shvlity to produce low carbow intensity fusds fromy shale oil fractions sadior blends of shale odl
frachions derved frons the shale orade oils

Charrcherizating of Shale O Fractivas - Narhiha Boiting Roanse Steadidd Bon Fractions

~

{74} In various aspecis, naphthe bolling rangs fractions as descnibed herein can be ased as

a fuel fraction. The usexpecited combdaaion of low sulfur and high saphthenes to aromatios vatio
{optionally in combination with a low by substantial content of aroniatics) wan allow g naphtha
fraction 0 be vsed as a fugl fraction with a reduced or minimized amount of refinery procassing.
{0875} FIG. 3 shows measurad values for Hobt naphihs fractions derived from five differenmt
shale crade oils sndfor crode oil blends, The naphtha fractions in FIG. ¥ correspond to straight
ruint light naphtha fractions that were Rrmed based on distillation cul points of 25°C and TOSC.
The sulfur content of the Hubt naphtha fractions was 10 wppm or less, or 5 wppny or less,

{oa74] As shown in FIG. 3, the hiphy aaphtha fractions had 1 meessored naphthenes contemt
bepween 0.0 with (0 15 withh, or 8.0 wibe i3 13 wilth, or 8.0 witi lo 13.3 wid. The hight naphtha

or bess than 2.0 withh, o less than

fractions aleo had an arcanatiox comant of lexs than 5.0 wi's,
L4, such as down o 5 with, This unexpected combination of naphthenes and aromatics
resnted b g wolght vatio of naphthones 1o aromanios wmngiog rom 6010 1530, or 6.0 10 14, ov 6.0
e 13.0,

O Additionally, the naphtha fractions shewn in FIG. 3 had an antline point of 653°C o
FON a smcke pownt oF 33 puw 0 38 nun; and »oressarch octane vumber of Tiio T3

{6078} Becguse of the low sulfur content of the Heht naphtha factions, the ‘iigh's. naphtha
fractions were suttable for use as a feed to an somaerization process withowut being exposed w
hydroprocessing conditions.  As shown in FEG 3, using the light naphths fractions as a feed for
an iseroerbaation prooess resulted in eoneriend Tight noplitha Doctions with a research octans
mnber of K7 o 8,

{79} FIG. 4 shows compostiions! information for full-range naphtha fractions denived from
the same shale crode off sources ag the Tight naphitha fractiong shown i FIG. 3, as well a8
compostional infermation for full-range naphiha fractions dertved from conventional crude ails.
{6088} FIG. 5 shows composttionad properiies and values for modeled fudlvange naphtha
fractions derived from the savne shale crude off seorcss 55 the light napluba fracgons shown in
FIG. 3, FHGL R also shows o modelad fullvrangs naophthe fraction from a represeniabive
vonventions! bt swest enude. The modsled fullorange naphtha frachions in FIG. 4 and FIGL 5
Bad a T1O disullation poing of 735 to FOOTC, or 78%(0 1o 997C, 4 TS0 distillation powmt of 1HC

o 100, or 5O w0 13790, and a T9O distiligtion podat of 160 o 180°C, or 165°C o 178°C
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1 bs noted that the T3 dissillation polist was somewhat higher tha T30 distillation pout of
the conventional naphtha fraction having an otherwize stnglar boiling range
{08811 The modeled Tnlbrange saphiha fractions shown i FIG. 4 and FYG. S had a
naphthenes content betwean 35 wi¥s o 30 wi%: and an gromatios coutent of 8.0 wils 1o 1] wide.
Thix s o contrant o the naphtha frow the conventional orude oil, which had an aromatics comlent
gregter than 12 wits, The anexpected combination of a bigh naphtbenes content and g low but
substantial arotoatics content resulls i 8 weight rano of naphthenes to svomatics bepween 4.0 0
10, ord a2 wd B0, ord 7.4
{0882} Sddivienally, the modeled fdbvange napbtha factions shovwe in FEG 4 and FIG. 8
hurve a vesegreh octane wmpnher between 40 and 55, or 44 10 33 that i« lower than the resesrch
aotmte mumnber of the corresponding conventional naphtha fraction. However, the {)Eending
research ootane munber {or the modelsd fulbeange naphtha fractions are between 60 and 75, or
68 and 70, which s comparable 1o the blending research octane maunber for the conventional
aaphtha fraction. Thus, the unexpected combination of high naphthene 0 aromatics weight ratio
arrd kovw bt substantial arvematios content rexclis i1 a2 naphiba feaction with similar octane in
blands fo & corventional, higher aromatics fraction. It s also noled that the oolane seasilivily
{research ootne wurnber — wotor octane nunsber) mnges Fom ~4.0 10 -840, which is greater than
the seasithvily for the covresponding conventional naphiba fraction,
{083 Other properties of the modeled fullrange saphtha fraction lnchude a smoke post of
I8 am 0 36 o, or 28 v i 32 v
HIREY FIG. ¢ shows sompasitiona} information fiw heavy vaphtha fractions derived from the

same shale orads o sources as the Hpht nophibs fractions shown tin FIG. 3, as well as

cosmpositional mformation for bewey naphiba Factions dertved from conventionad crude oils,
{085 FiG. 7 shows compositional progeriies and valees for modeled heavy nuplitha

fractiony dertved froum the same shale orude o snurces as the light naphiba foctions shown in
FIG. 3. FIG 7 alss shows ¢ modeled heavy naphila fraction from o representative convemtonal
light, sweet crude. The modeled beavy naphtim fractions shown in FIG. 6 and FIG. T had a T1O
distiffation point of 140°C 1o 1300, or H2°C w0 48P0, a T30 distillstion point of 15353°C 1o
P70°0, or 160°C 0 170, and a T9O distillation point of 190°C o 210%0, o 195°C 0 205%0, or
FORY o 21°C

HEY The modeled heavy naphitha fractions shown in FIGL 6 and FYG. 7 had o naphthenes
vonfent betwean 34 wits o 50 wits, or 34w to 45 with, and an aromatics content of 9 with w
P wile, or 10 wi%h to 14 ot Thig s in contrast {o the naphtha frow the conventional orude (i,

which had an arowaics content greater thay 13 wite. The unexpecied combinntion of g high
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aaphithenss content and 3 e bat subsiantal wmonutics content resulis i 8 weight satio of
napshithenes o aromatios behweon 30 amd 4.8

Characterization of Shale Ol Boctions — Komaene Boting Bange Fraction

{ORT Tor furthse iHustrats the unexpected natmny of the maphiha hoilog range Factions
dorivad fronn the high naphthene {o avomatics ratio orade oils, 2 comparizson can be made
between kerosene Fractions devived From the tugh saphthens o srowmatios ratio crude oils
described hersmn versus kevosgne fractions derbved from othsr shale eruds nils.

{6088} FIG. § shonws messurad values for herosens factiony dertved from seven different
shale crade oils auddor crode off blands, Ax shown in FEG. 8, the kerosene fraciions had a
naphthenes content betwesn 38 st to 82w, or 30 wi to 5L wi, The kerosene fractions
alzo had an aromatics consdent betwesd 4.0 with to 27 witth, or 438 % 0 16 wits, or 4.0 withh o
12 wits, of 4.0 witte i 10 wi%, The waight ralic of naphthenss o aromatics ranged from 1.3 1o
10, Some of the kerosene frgctions had an anexpected cotbination of high naphthenes ©

arpmatics weight ratio and @ low but substwsttal content of aromatics,  For such fractions, the

ararnatios content was 404 with o 16 with, or 480 @t lo 12 with, or 4.0 with o 10wt Fow
swch fractions, the naphihenes to aronntics ratlowas 3.3 0 10, o 4 0 0 10, r S0 I, w60 0
16,

{889 In addition to the paphthenss and mromatics contents, the kerpsene fracuions shown in

FIG. 8 had o density at 1570 hetween 08 and 0 83 &

fral, or Between (.80 winnd and 82 bl e

P

por pont bapwesn -0 and 3070, o 405 1o~ g olowd poant batween - 32390 and 3
or -33°C  -40%C: and a freere point batween 30°C and -38°C. The fractions had a T10
disiitlaticos poist oF 2017 o fess, or 1987C or less. The fractions alzo had a 790 distillation
poind of IRV o Jess, or 28795 or less. Although not shows in FIG. 8, the fractions alse had an
trtial boiling potat of 14670 or more and a feal boiling point of 30070 or less

LI As a conmparison for the data in FIEG. 8, ap artiels titded “Inpact of Light Tight Oils on
Pristilsnte Hydvotreater Qperation” 1o the May 2016 issue of Petroleom Techuology Chuanterdy
included g Hating of paraifin and wromatics contents for shale oils from a vartety of shale o1l
formaticons, Comparative Table 1 shows the daia provided from that article. Compargtive Table }
also tnclades a colwnn for o representafive Revosene fraction denived from West Texas
Imtermediate, g conventional Haht sweet ecrde oibl I s noved that the sepresentative salfur
ponte reportad in the anicle for W was greater than 1000 wppm,

{891 in Comparative Table 1, the kerosene fractions comrespond to fractions having a
boahing range o 33°F -~ S00°F (177°C 1o 2605C). The valoes for paraffing and avomatics

correspond 1o Wit as reported in the article, The noaphibenes value 1 & maxiomen potential value
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calcuiated based o the reported parailias and sromatios valess, {The actisad naplubienss value
centld belower due to the prosence of polar compounds ) This naphthenes weight percont was
then used 1o valerlate the naphthenes 1o womatics ratio shown i the Hoal row of the wble,

Comparative Table 1~ Comparative Kerosens Fractions

Wl Bakken | Eaglke Bach Cossack | Gipps- | Kasbu | Qua
Ford Ha {and thos
Paraffins 43 35 43 54 43 47 36 33
Aromatics | 14 in 13 12 17 20 I 17
Naphthenes | 44 48 43 34 40 33 43 83
{calculated,
TRAN VI
potential}
Maphthenss | 3.1 3.8 332 2H 24 1.7 2.0 3
{8
Arpmatios
ratio
{6a92] As shown 1 Cmnparative Table | the lughest naphibenss o mrownatics ratio show s

3.2, All but one of the fisotions in Comparative Table | had an aromatics content of 13 wiSe or
move, while the rerogirang fraction bad an aromaties content of 12 wi% bat a naphthenes o
sromatics weight ratio of less than 3.0, The data in Comparative Table | demonstrates thatthe
pnexpected combination of high naphthenss to aromatics weight ratio and fow bt substantial
aromatics content 1s not an nberent property of shale o kerosene fractions. Instead, # has boen
discovered that selected shale crude olls can provide naphths srdior kerosens fractions with an
unexpected combination of propertes.

POT/EP Clausss:

~

{08931 1. A naphtha boiling range composition comprising 2 T distitlation point of 30°C
or more, 8 T90 distiletion poit of 210°C or less, a naphthenes content of 33 wi% fo 30 Wi,
paphibanes (© aropmtics welnhi ratio of 4.0 oy guowe, angd a sulfur content of 100 wppn or fess,
LS 2. The naphtha boabing range composiion of clause §, wherein the naphiha boihag
rangs compositon comprises a naphthenes o sromatios ratio of 4.3 or more,

{0095} 3. The naphtha boiling range compostiion of cluuses 1-2, wherain the nuphtha

boiling rangs composition conprises a TH0 distitlation pelat of 807 o [BPC,

CA 03179209 2022-11-17
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TN
EHERY 4. The naphtha boilmg renge composition of vlausss 123, whersa the naphtha

boiline rangs compasition comprizes a resegred octane number of 33 or ess, o wherein the
naphtha boiling rnge composiiion comprises a blending research octane number of 60 or more,
or & combinstion thereofl

T % The vaphiha botling vange conpostiion of olauses 14, wherein the naphtha
botling range coraposiion comprises 8 smoke point of 25 oun or move,

{0898} &, Use of a composition congwising the naphiha botling range conposition of
clansex 1-5 g5 g fuel 13 an engine, 8 humace, 2 burner, 3 conthustion device, oF a combingiinn
thareot.

{3099} 7. Use of the composition according to clause &, wherein the naphtha boiling range
somposition hax e boen exposed to hydroprocsssing conditions.

0] 8 Use of the composition according to clauses &7, wheram the naphtha bothag
range compostaon comprises a carbon ensity of 93 ¢ COseg 7 MY of Tower henting value o
88161} ¥ A naphtha boiling range ceenposition comprising a T4 distiflation point of 80°C
or {ess, a naphthenses content of 6.0 with to 15 wi%, 8 naphthenes to sromaticy weight ratic of 6.0
or more, and g sulfur content of 19 wppm or less,

{01021 10, The paphitha boiling range composition of clause 9, whersin the naphitha boiling

range compostiion comprises a ressarch octane munber of 70 or more.
601831 11, The nuphiha bothing vange composition of clauses 210, wheraan the naphths

boiling rangs connposition comprises § ressarch ootane mumber of 43 or mare.

{00104] 12, The nophtha boiling range composition of olanses 911, wherein the naphtha
botling range composition comprises an anthine point of 6370 to 70°C | a amwke potnt of 32 mm
e, oF & conthination themset,

IS 13, Use of a composition comprising the napinha botling rangs composition of
Clawses 9-17 g3 a fusl nan onglie, & farnace, o burer, 8 combustion device, or 8 combination
thereof

[80106] 14 Use of a compasiton according to clavse 13, wherein the naphihs boiling range
compostion has pot beon sxposed o hvdroprocessing conditions,

[08107] 158 Useofa composition according fo clouses 1313, wherein the naplitha boiling

range componition comprises g owbon intensity of 94 g UCreq { MI of lower heating value or
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{00188} 16, & naphtha boiling rangs composstion conpusing & TH of WO°C or more, @ TR0
distitlation pointof 2 HPC or less, & naphthones content of 34 witi to 3 wihs o saphthenes io
aromahics weight ratie of 3.0 or more, and a sulfur content of Y wppm or fess.

a9 17 The naphtha boiling range composition of clause 16, wherein the naphtha boiling
range coampostiion comprises & T® distillation point of 130°C 10 2107

[0118] I8 The naphtha boiling range composition of clause 1617, whevein the naphtha
bothng rangs coOmMpOsiton comprises 8 resgarch octane mumber of 25 or more, or wherein the
naphiba boiling range composition conmprisas § blending research ovians mumber of 35 or muows,
or 3 copibination thereofl

j66111] 19 The naphtha boiling range composition of clavse 16-18, wherein the naphtha
bostling range composiiion cmmprises a smoke poirnt of 2§ mn or move.

{1121 20 Use of a composttion comprising the naphiha botlng rangs composinion of
clauses 16-19 35 2 fuel n an engive, ¢ fumace, & bumer, a combustion devige, or a combination
thereof,

fe8113] 21 ihe of the composition according t classe 28, wheretn the naplitha boiling
pange compesition has not been exposed {o hydroprocessing condilions,

o141 22, Useof the composition according 1o clpuses 20-21, wherein the naplitha botling
range compostiion comprises a carbon intensity of 94 g Useq 7 M of tonwer heating valus or
less.

OIS 23 A methoed Ror fonming a naphtha boding rauge composiiio, congmising
fractionating g crude off commprising o final botling polnt of S0G°C nr more to fonm at least a
naphtha boiling range fraction, the crude ol comprising & naphihenes to sromatics weig}n ratio of
18 or more and a sulfr condent of 0.3 with or lesy, the naphiha fraction comprising a T4
distillation point of 30T or moee, a THO distillation potat of 21C or less, a naphihenes content
o 35wt to 3 wite, 3 naphihenes to aromatics welght ratio of 4.0 or mote, and a sulfur contant
of FO wppo or less.

{00116] 24 The method of clauge 23 wherein the naphtha boiling range composition
comprises a carbon lensuy of 94 (ﬁf{'}ge{; { M of lower hesting value or less

66117 25, The method of clawses 33-24, further comprising blending af Izast a porlion of the
napshitha botling rangs frachon with 3 repewable Bacton

8118 26, A method for foming 3 naphiha bothng range composibon, comprising
fractionating a onudy off comprising & final botling point of 60670 or more o forns at least a
unaphiba botbivg range fraction, the orade ot comprising a naphthenes o aromatios waight ratio of

LE or more gnd s sulfor content of 0.2 wih ov less, the naphiba botling vange fraction vomprising
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2 T90 distillaticen point of BVC o less, 8 naphilienes content of 6.0 witito 15 with, o nupliahenes

0 grownation wainht ratio of 6.0 ovwmore, and a sobRe content of 10 wppnror loss.

08119} 27, The mothod of clause 25, further comprising exposmg the naphiha boiling range
fraction 1o somerizstion conditions to form an ispmerized naphtha bothing ranps fraction
comyprising a research ootane mumber of 85 or more,

{00120 28, The method of clause 20-27, wherein the naphtha boiling rnge fraction is

exposad o the isomerization conchitions withowt being previously exposed o byshroprocessing

coditions,

8123 2% The methed of olause 35-28, whersin the naphtha bolling rangs compasition

S

-,

comprises a cavbon infensity of 84 g COreq / M of lower heating valoe or less.

221 30, The method of clauses 26-2%, further comprising blending at lsasi a portion of
the naphtha botling rangse faction with a renewable fraction.

{08123 31, Themethod of classes 26-30, funher comprising exposing the naphths bodling
range fraction to catalytic reforming condifions 1o form g reformaed naphiha botling range
fraciion.

{68124] 32 A method for forming 2 napbths botling range composition, comprising:

fractionating a crade ol comprising o final boiling poiat of G°C or wore o forne s lenst a
naphiha botling range fraction, the crede o conmyprining a naphthenes {o aromatios weight satii of
1.8 or more and 8 sulfor comtent of 0.3 wi%s or lass, the naphtha fraction comprising a TG
dastiflation podnt of 14050 or move, 8 T distiifation pownt of 10°C or tess, o naphthones
content of 34 wite fir 30 wity, & naphthenes © aromanics weight ratic of 3.0 or more, and a sulfr
content of 100 wppm or less,
{66123] 33 The method of clouse 32, wherein the naphtha boiling range composition
comprises & carbon intensiivol M g (‘?Qzas:tq ¢ M of rwer heatiog value or lass,
{1261 34, The method of clansey 32-33, further comprising Mlenging at Isast a portion of the
waphtha bothing range fraction with o resewable fraction,
{00127] While the present invention has been described and flustrated by reference 1o
particular embodiments, these of ordinary skill in the art will appreciate that the mvention lends
itasdl to varistions not necessarily tlustrated herein. For tns reason, then, refersncs should be
miade solehy wo the appended clabe for prrposes of determining the true scope of the preset

iveniion,
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CLAIMS

1. A naphtha boiling range composition comprising a T10 distillation point of 30° C or
more, a T90 distillation point of 210° C or less, a naphthenes content of 35 wt % to 50 wt %, a
naphthenes to aromatics weight ratio of 4.0 or more, and a sulfur content of 8 to 50 wppm and
wherein the naphtha boiling range composition has not been exposed to hydroprocessing
conditions.

2. The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition comprises a naphthenes to aromatics ratio of 4.5 or more.

3. The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition comprises a T90 distillation point of 80° C to 180° C.

4, The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition comprises a research octane number of 55 or less, or wherein the naphtha boiling
range composition comprises a blending research octane number of 60 or more, or a
combination thereof.

5. The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition comprises a smoke point of 25 mm or more.

6. The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition is used as a fuel in an engine, a furnace, a burner, a combustion device, or a
combination thereof.

7. The naphtha boiling range composition of claim 1, wherein the naphtha boiling range
composition comprises a carbon intensity of 94 g CO2eq/MJ of lower heating value or less.

8. A naphtha boiling range composition comprising a T90 distillation point of 80° C or
less, a naphthenes content of 6.0 wt % to 15 wt %, a naphthenes to aromatics weight ratio of
6.0 or more, and a sulfur content of 8 to 50 wppm and wherein the naphtha boiling range
composition has not been exposed to hydroprocessing conditions.

9. The naphtha boiling range composition of claim 8, wherein the naphtha boiling range
composition comprises a research octane number of 70 or more.

10.  The naphtha boiling range composition of claim 8, wherein the naphtha boiling range

composition comprises a research octane number of 85 or more.
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11.  The naphtha boiling range composition of claim 8, wherein the naphtha boiling range
composition comprises an aniline point of 65° C to 70° C, a smoke point of 32 mm or more,
or a combination thereof.

12.  The naphtha boiling range composition of claim 8, wherein the naphtha boiling range
composition is used as a fuel in an engine, a furnace, a burner, a combustion device, or a
combination thereof.

13.  The naphtha boiling range composition of claim 8, wherein the naphtha boiling range
composition comprises a carbon intensity of 94 g COzeq/MJ of lower heating value or less.
14. A naphtha boiling range composition comprising a T10 of 140° C or more, a T90
distillation point of 210° C or less, a naphthenes content of 34 wt % to 50 wt %, a naphthenes
to aromatics weight ratio of 3.0 or more, and a sulfur content of 8 to 50 wppm and wherein
the naphtha boiling range composition has not been exposed to hydroprocessing conditions.
15.  The naphtha boiling range composition of claim 14, wherein the naphtha boiling range
composition comprises a T90 distillation point of 150° C to 210° C.

16.  The naphtha boiling range composition of claim 14, wherein the naphtha boiling range
composition comprises a research octane number of 25 or more, or wherein the naphtha
boiling range composition comprises a blending research octane number of 55 or more, or a
combination thereof.

17.  The naphtha boiling range composition of claim 14, wherein the naphtha boiling range
composition comprises a smoke point of 25 mm or more.

18.  The naphtha boiling range composition of claim 14, wherein the naphtha boiling range
composition is used as a fuel in an engine, a furnace, a burner, a combustion device, or a
combination thereof.

19.  The naphtha boiling range composition of claim 14, wherein the naphtha boiling range

composition comprises a carbon intensity of 94 g CO2eq/MJ of lower heating value or less.
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Property | Units Low Ci low ¢l | Low Gl low € | Low

? Naphtha | Maphtha | Naphtha | Naphtha | Naphths

| {1} (2} {3 (4} {5}
Boiing Range OF £8-158 G8-158 B88.158 £8-158 | 88-158
Parafiins Wi 488 48.4 50.5 48.3 40.4
isoparafiing Wit 401 37.3 43.0 38.3 38.3
lafing Wt .02 3 0.007 0.007 0.008
Maphthenes with 113 131 88 11.8 10.4
Aromatics Wi 1.7 1.3 0.7 1.5 0.8
Naphthenes/Aromatics | wilbiwitd | 6.8 10.4 124 77 12.3
Anilins Point °F 183.7 1524 1543 1837 183.2
Smuoke Paoint o 355 341 348 45 338
Threshold Sooting = 588 8.57 587 §.37 8§03
index 1
Sulfur - Dp-wt g <3 <3 <3 <3
RN L ON 734 714 712 70.8 70.0
RON after - ON 8§7.8 B7.1 88.0 7.5 7.8
somearization 3
MON ON 881 85 .6 65.2 £88.7 84,6

FiG, 3
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# Naphtha from Conventional Crude Oils
o Naphtha from Selected High Napthene to Aromatic...
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towdl | Lowdl | Low(ll | LowQl | Low(l
Property Unfts | Naphtha | Naphtha | Naphtha | Naphtha | Naphtha | Comparative
, , , {1 {2} {31 {4} {51 Example
Boiling Range F 4%-395 | &8-395 | 88395 | BE-395 | #8-395 $8-395
Ti0 - F 18823 | 18487 | 1818 | 18186 | 18877 176.04
150 , G F | 25306 | 25059 | 24853 | 24723 | 24849 | 236.98
180 N 339,80 | 339,44 | 33975 | 33871 | 33573 334.94
Paraffing Wi 4423 | AGAT | 4444 | ARDS | 8134 44.34
n-paraffing 7 W% A7 2373 AL57 4331 24.82 3306
isoparaffing W% 2857 2374 2376 2474 2652 4128
Qlefing Wik 0 a a a Q ]
Naphthenes w4472 1 4378 L 4855 | 4830 | 4086 | 42106
Aromatics O wt% | 1108 97% | 702 | as4 800 13.54
Naphthenes/Aromatics Wi 435 4.4% £.92 6,82 5.08 311
Smoke Point _om 28.81 | 3042 | 3157 9686 | 29.98 2857
:?;::h‘}m Sosting | 574 5.9 5.4 5L | 616 6.34
Sulfur ppm-wt 44.18 7708 38.01 6G.84 5.73 553.24
RVE i 2.49 2.66 2,62 7 84 244 308
KON . ON 5148 | 5157 | 5084 | 5084 | 49.96 54.22
RON blend value ON | BR.83 | B821 | 6949 | B3.28 | E7.86 58.66
MoN G ON | 3597 | SSB0 | 5645 | 5659 | 5458 56.98
MON blend value O OON | 5840 | 6017 | AR | 02 | 60 §9.24
Sensitivity (RON-MON} | ON | 477 | 408 -5.61 -5.65 -4.63 276
KinViscosity @40°C | ¢St | 082 | 083 0.81 0.74 0.82 0.74
FIG. 5
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low €t | olowdd | lewdl | lewdl | lewdl | lewdl

| Maphtha | Maphtha | Naphtha | Naphtha | Naphtha | Naphtha | Comparative

| Example | Example | Example | Example | Example | Example | Buample
Property wis | wo L@l e s | s
Baifing Range | 2904440 | 250460 | 250-440 | 750-440 | 250-440 | 2504 250-440
10 ' ¥ | 796,06 | 1580 | 29908 | 20608 | 29561 | 20200 | 29302
150 T 33385 | 3B255 | DLW | BIF0 | BIE0 | 3735 | 388
T80 , 139224 | 39231 | 39180 | 39186 | 39151 | 3876 | 39108
Paraffine Wit | 4308 | 4369 | 4516 | 4484 | 4783 | 5480 4657
s-parafiing wit | 2131 | 044 | 222 | 223 | s | B 19.33
fsoparafiing Wt | 2086 | 2326 | 2286 | 24 | 2488 | 2807 AL
Gletins Wik |0 ¢ 9 0 9 9 0
Naphthenes wi% | 436 | 4447 | 4124 | 4503 | 4235 | 3400 4276
Bromatics wiS ] 1323 | 1181 | 1359 | 1032 | 1001 | 11 16,51
Naphthenes/Aromatics | wi% | 330 3.77 3.03 4.36 421 3.04 258
Smoke Point mm o | 2657 | 2684 | 2872 | 273 | 2880 | 2859 2447
;iz::més‘m“g e | e | 1027 | 11| 03 | 0 1316
Sulfuy com-wt | 278 | 9897 | 9083 | 4233 | 87 | 3214 | 103661
RVP psi | 048 0.2 0.2 0.49 9.2 £.21 g.21
RON ON | 3598 | 3338 | 3588 | 3290 | 3188 | 3052 41,12
RON blend valuz ON | 6088 | 6048 | 6027 | 6035 | 60 | 5957 50.12
RMON 403 | 3841 | 3980 | 3838 | 3788 | 37 4175
MON blend value O | 6393 | 638% | 6343 | 640 | 6412 | 634 62.78
Sensitivity (RON-MON | O | -432 | -S03 | -392 | -528 | 877 | 536 0.66
Kin.Viscosity @ 90°C st bz boaor loae Loz 1ol |oww 14

FiG, 7
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Property Mathod | Unll { Kerot | Kero2 | Hero3 | Kerod | Keroh | Kern§ | Hero?
Dansity at - - ey o o " . N .
> gagf" D40S2 | gimi | o8t | 0S5 | omod4 | 081 | 0805 | o8t
AP Gravity DAGa2 - 408 418 44 3 418 441 428 382
Pour Point 06548 g g ~48 43 41 47 4t 47
Gloud Poing D57T3 °C -4 -38 38 -36 -34 -35 -3
Freeze Point D&eT2 o -34.5 -35 # -34.5 325 328 -32.2 325

mass ) I 3 ol
Sulfur Content | 02622 a& Q020§ COOF § 0005 | 0005 Q008

3

Nitrogen .

, i 5% < <5 <§ <3 38 A
Content [4628 mgkg 4
GO Distillation

{}Zgb?.
Temp, 10% off | Cale G 186 194 1493 186 186 il 1497
from °F
fess?
Temp, 50% off | Calc. G 238 238 238 242 239 243 248
from F
D2gey,
Temp, 8% off | Calc. G 284 282 284 287 288 289 287
from °F
Composition
Paraffins Wi 383 414 541 439 51.8 4089 | 2208
1-Ring
W% 2121 18.7¢
Naphthenes ) ched
{-Ring

, wi% 10,84 1687
Aromatics ’ 08
Totat o - . -

wit% 474 50.2 384 7.3 4332 4343 | 42.33
Naphthenes ° N )
Total Aromatics wi% REN 83 g5 8.8 58 1858 | 2B/87

FiG. 8
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