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LOW SULFUR MARINE BUNKER FUELS AND
METHODS OF MAKING SAME

FIELD

(6081 This mvention relates generally to mcthods for making voarine bunker fuels
having relatively low sulfur content, as well as to the resulting low sulfur content fuel

corpositions made according to such methods.

BACKGROUND

[60302] As promuigated by the International Maritime Organization (IMQO), issued as
Revised MARPOL Aunex VI marine fuels will be capped globally with increasingly
more stringent requirements on sulfur content. In addition, individual countries and
regions are beginning to restrict sulfur level used i ships in regions known as Emission

Control Areas, or ECAS.

{6303] The fuels used in global shipping are typically marine bunker fuels, for larger
ships. Bunker fuels are advantageous since they are less costly than other fuels;
however, they are typically composed of cracked and/or resid fuels and hence have
higher sulfur levels. Mecting the lower sulfur spees for marine vessels can be
conventionally accoraplished through the use of distilates. However, distilate fuels
typically trade at a high cost premium for a varicty of reasons, not the least of which is
the utility 10 a variety of trausport apphications employing Compression ignition engines.
They arc produced at low sulfur levels, typically significantly below the sulfur levels

spectficd in the IMO regulations,

[3004] Those regulations specify, inter alia, a 1.0 wt% sulfur content on ECA Fuels
{effective July 2010) for residual or distillate fuels, a 3.5 wt% sulfur content cap
{effective January 2012), which can impact about 13% of the current residual fuel
supply, a 0.1 wit% sulfur content on ECA Fuels (effective January 2015), relating mainly
to hydrotreated nuddle distillate fuel, and a 0.5 wt% sulfur content cap {circa
2020-20235), ceuntered maionly on distillate fuel or distillate/residual fuel muxtures. When

the ECA sulfur limits and suifur cap drops, various reactions may take place to supply
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tow sulfur fuels. The 0.1% Sulfur ECA {uel can be challengiog to supply, since shippers
typically purchase lower sulfur fuel oils with properties suitable for marine applications,

and at a steep price discount to distillate fuels.

[6005] Hydrotreaters 1o front of fluid catalytic cracking (FCC) units, comroonly
called CFHT, typically hydroprocess petroleum gasoils and resids to sufficiently low
sulfur levels such that the product fuels are sufficient to be sold as fuel with no further

treatment, or with minimal incremental hydroprocessing.

[3806] It would be advantageous to utilize a fuel high energy content, low sulfur
fuels 1 marine applications, which fuels have counventionally included cracked
distillates. Distillates can typically command a much higher value than bunker fuels. An
alternative low sulfur marine bunker fuel, with the correct fuel guality characteristics,

could coromand a high premiure in the marketplace.

{3807} lndeed, there are some publicatious that disclose the desivability of lowering
the sulfur content of marine bunker fuels. A non-cxclusive list of such publications
mcludes, for example, U.S. Pat. Nos. 4,006,076, 4,420,388, 6,187,174, 6,447,671, and
7,651,605, U.S. Patent Application Publication Nos. 2008/0093262 and 2013/0340323,
PCT Publication Nos. WO 1999/057228 and WO 2009/001314, British Patent No. GB
1209967, Russian Patent No. RU 2213125, Japanese Patent No. JP 2006000726, and the
folowing articles: Chem. & Tech. of Fuels and Qils (2005), 41(4), 287-91; Ropa «a
Uhlie (1979, 21(8}, 43340, Godishnik na Visshya Khim. heski Institut, Sofiya (1979),
25(23, 146-48; Energy Progress (1986}, 6(1), 15-19; and fmplications Across the Supplv
Chain {30 September 2009) Sustainable Shipping Confercoce i San Francisco,

California.

[6008] Thus, it would be desirable to find compositions {and methods for making
them) m which hydrotreated and/or uncracked gasoil products could be used in marine

bunker fuels, as described with reference to the invention herein.
SUMMARY

[6609] One aspect of the invention relates to a method for making a low sulfur

marine bunker fuel composition with a reduced concentration of components that have
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been cracked, the wethod comprising: contacting a vacuum resid feed stream haviog at
least about 2000 wppm, for example at least about 2000 wppm, at least about 5000
wpprn, at least about 7500, or at least about 10000 wppm sulfur, with a hydrogen-
containing gas in the presence of a hydrotreating catalyst under effective hydrotreating
conditions in a catalytic feed hydrotreater, such that the product exhibits at most about
5000 wppm, for example at most about 1500 wppm sulfur, a pour point of at least about
20°C, and a kinematic viscosity of at least about 350 ¢S5t at 50°C, without the product
being subject to a substantial amount of cracking: and optionally blending at least a
portion of the uncracked product with 0-60 vol% of other components, selected from
viscosity modifiers, pour point depressants, lubricity medifiers, antioxidants, and
combinations thereof, to form a marine bunker fuel composition. The resulting marine
bunker fuel composition contains: {1} the uncracked product baving at wost about 2000
wppm, for example at most about 1500 wppm or at most about 1000 wppm sulfur; (2) no
more than about 10 vol of a first diesel boiling range hydrocarbon sirearm having no
more than about 20 wppm sulfur; and (3) no more than about 30 vol% of a second diesel

boiling range hydrocarbon strear having no more than sbout 10 wppm sulfur,

THIH Another aspect of the invention relates to a low sulfur marine bunker fuel
composition comprising: 40 vol% to 100 vol% of an uncracked, hydrotreated vacuum
resid having at most about S000 wppm—ifor exarople at most about 2000 wppr, at most
about 1500 wppm, or at most about 1000 wppm—sulfur; and up to 60 vol% of other
components, sclected from viscosity modifiers, pour point depressants, lubricity
modifiers, antioxidants, and combinations thereof. The low sulfur marine bunker fuel
composition has: at most about 5000 wppm, for cxample at most about 1000 wppm
sulfur; and at least oue of a kinematic viscosity at about 30°C from about 20 ¢St to about
400 ¢8t, a density at 15°C from about 800 kg/m’ to about 1000 kg/m’, and a pour point

from about 20°C to about 35°C.

(6011} Amnother aspect of the wmvention relates to a low sulfur, uncracked,
hydrotreated vacunm resid having at most about 3000 wppm-—Tfor example at most about
2000 wppm, at most about 1500 wppm, or at most about 1000 wppm—sultur, a T50 of at
feast 600°C, a pour point of at lgast about 20°C, and a8 kinematic viscosity of at least

around 100 ¢St at 50°C.
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BRIEF DESCRIPTION OF THE DRAWINGS

[6612] Figure 1 shows a flow-chart outlining an exemplary process for making a low

sulfur bunker fuel from a vacuum resid feed stock as described herein.

DETAILED DESCRIPTION

[6013] In one aspect of the invention, a method is described for making a low sulfur
marine bunker fucl composition, while another aspect of the invention describes the low

sulfur marine bunker fuel composition so roade.

[6014] As used herein, the termis “marine bunker fuel”, “bunker fuel”, or “marine
fuel” refer to fuel compositions that (1) are suitable for use in ships’ engines and (2) have
at least 40 vol% of a product of petroleam refining that s not distilled off 1n etther an
atmospheric or a vacuum distillation column.  Further, a “marine bunker fuel” as
described herein is used i contradistinction to “marine distillate fucl” A blend
containing both distillate and heavier, non-distillate fuels may still be designated a
“bunker fuel” if the heavy, non-distilate coraponents make up more than 40% of the

total volume of the blend.

Reduced Cracking

[B015] Advantageously, and confrary to couveotional practices, the present
compositions and methods focus on a reduced use/concentration of components that have
been subject to a {refinery) cracking process. As used herein, the terrus “substantially
uncracked” or “without substantial cracking” should be understood to exclude processing
the fuel by steps/stages whose primary or significant focus is cracking {e.g., FCC
processes, steam cracking processes, thermal cracking processes such as visbreaking
and/or coking, and the like, but typically not hydrocracking), but not to exclude
steps/stages where cracking is a very minor focus or a side reaction {e.g., hydrotreating
processes, aromatic saturation processes, hydrofinishing processes, and the hke).
Without being bound by theory, it is believed that reducing the amount of cracked stocks
in a fuel composition can have an advantage of improving oxidation stability and/or
ignition quahity of the fuel composition {(e.g., hydrocracked stocks can tend to be

differentiatable from other cracked stocks in that their quality, such as in oxidation
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stability and/or ignition quality, can tend fo be acceptable or cven relatively high,
perhaps due to the role that hydrogen plays in such cracking processes). As a result,
conventional cracked components of marine bunker fuels such as cycle oils {e.g., light
and heavy), shury oils (i, the FCC bottoms), and the like, can advantageously be

reduced/minimized or at least kept to a relatively low level,

Corposition Sulfur Content

LHHY The low sulfur marine bunker fuel composition can advantageously meet a
stricter standard than currently required for marine bunker fuels by having a maximum
sulfur content of S000 wpprn, more restrictively 1500 wppm, more restrictively still 1200
wppn, or even more restrictively 1000 wppm.  Although sulfur content standards for
fuels arc not generally given a mininun, it can often be desirable to be as close to the
standard maxumum as possible for any vurber of reasouns, which may include, without
limitation, that stringent sulfur standards requiring additional costly treatment can be
reduced/minimaized by allowing relatively high-sulfur, relatively low-value streams to be
incorporated into compositions where they otherwise might not negatively affect the
specifications.  As such, in many embodimenis meeting the wore restrictive 1000 wppm
specification, the low sulfur marine bunker fuels, e.g., made according to the methods
disclosed herein, can exhibit a sulfur content between 900 wppm and 1000 wppm.
Nevertheless, in other embodiuments meeting the more restrictive 1000 wppm
spectfication, the low sulfur marine bunker fuels, e.g., made according to the methods
disclosed herein, can exhibit a sulfur content of less than about 850 wppm, for exaruple
less than about 800 wppm, less than about 750 wppm, less than about 700 wppim, less
than about 650 wppm, less than about 600 wppm, less than about S50 wppm, less than
about 500 wppm, less than about 450 wppm, less than about 400 wppm, less than about
350 wpprn, less than about 300 wppm, less than about 250 wppra, less than about 200
wppm, less than about 150 wppm, less than about 100 wppm, less than about 75 wppm,
less than about SO wpprn, Iess than about 30 wppm, less than about 20 wppm, less than
about 15 wppm, less than about 10 wppm, less than about 8 wppm, or less than about 5
wppm.  Further, in other embodiments meeting the 5000 wpprn specification, the low
sulfur marine bunker fuels, e.g., made according to the methods disclosed herein, can

exhibit a sulfur content of at most about 4900 wppm, for cxample at most about 4800
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wppm, at woost about 4700 wppm, at wost about 4600 wppm, at most about 4500 wppm,
at most about 4400 wppm, at most about 4300 wppm, at most about 4200 wppm, at most
about 4100 wppm, at roost about 4000 wppm, at most about 3750 wppr, at most about
3500 wppm, at most about 3250 wppm, at most about 3000 wppm, at most about 2750
wppm, at raost about 2500 wppm, at most about 2230 wppm, at most about 2000 wppm,
at most about 1750 wppm, at most about 1500 wppm, at most about 1250 wppm, at most
about 1600 wppm, at most about 750 wppr, at rmost about 500 wpprm, at most about 250
wppr, at most about 100 wppm, at most about 75 wppm, at most about 50 wppm, at
most about 30 wppr, at most about 20 wppm, at rost about 15 wppm, at most about 10

wppm, at most about § wppm, or at most about 5 wppm.

[6017] In such various other embodiments, the low sulfur marine bunker fuels, e.g.,
made according to the methods disclosed herein, may additionally exhibit a sulfur
content of at lcast about 5 wppm, for example at least about 10 wppm, at least about 15
wppm, at least about 20 wppm, at least about 30 wppm, at least about 50 wppm, at lcast
about 75 wppm, at lcast about 100 wpprm, at least about 150 wppr, at least about 200
wppm, at least about 250 wppm, at least about 300 wppm, at least about 350 wppm, at
least about 400 wpprn, at least about 450 wppm, at least about 500 wppm, at least about
550 wppm, at least about 600 wppm, at least about 650 wppm, at least about 700 wppm,
at least about 750 wppm, at least about 800 wppm, at least about 850 wppm, at least
about 900 wppm, at least about 950 wppm, at least about 1000 wppm, at least about 1250
wppin, at least about 1500 wppm, at lcast about 1750 wppm, at least about 2000 wppm,
at least about 2250 wppm, at least about 2500 wppm, at least about 2750 wpp, at least
about 3000 wpprn, at least about 3250 wppm, at least about 3500 wppm, at least about
3750 wppm, at least about 4000 wppm, at least about 4100 wppro, at least about 4200
wppm, at least about 4300 wppm, at least about 4400 wppm, at least about 4500 wppm,
at lcast about 4600 wppm, at least about 4700 wppm, at least about 4800 wppm, or at

least about 4900 wppm.

6818} Ranges expressly disclosed include combinations of the above-enumerated

upper and lower himits, e.g. 1000-500 wppm, 850-550 wppm, or S00-100 wppm.



WO 2016/089590 PCT/US2015/061015

Corposition Characteristics

{6819} Additionally or alfernately, the low sulfur manine bunker fuels, e.g., made
according to the methods disclosed herein, can exhibit at least one of the following
characteristics: a kinematic viscostity at S0°C (according to standardized test method 1SO
3104) of at least about 20 ¢8¢, for example at least about 25 ¢St, at least about 30 ¢5t, at
feast about 35 ¢St, at lcast about 40 ¢St, at least about 45 ¢St, at least about 50 ¢St at
feast about 55 ¢St, at least about 60 ¢N¢, at least about 63 ¢St, at least about 70 oS¢, at
least about 75 ¢St, at least about 80 ¢St, at least about 85 ¢5t, at least gabout 90 ¢St, at
least about 95 ¢S¢, at lcast about 100 ¢8t, at least about 110 ¢St, at least about 120 ¢St at
least about 130 ¢St, at least about 140 ¢S, at least about 150 ¢St, at least about 160 ¢St
at least about 170 ¢S54, at least about 180 ¢St, at least about 190 ¢St, at least about 200
cSt, at least about 210 ¢8t, at least about 220 ¢St, at least about 230 ¢St, at least about
240 ¢St, at least about 250 ¢St, at least about 260 ¢S, at least about 270 ¢St, at least
about 280 ¢St, at least about 290 ¢St at lcast about 300 ¢5t, at least about 310 ¢S5t at
least about 320 ¢St, at least about 330 ¢S, at least about 340 ¢St, at least about 350 ¢St
at least about 360 ¢S4, at least about 370 ¢St, at least about 380 ¢S, at least about 390
cSt, or at least about 400 ¢St a kinematic viscosity at 30°C (according to standardized
test method 1SO 3104) of at most about 390 ¢St, for example at most about 380 ¢8t, at
most about 370 ¢St at most about 360 ¢S, at most gbout 350 ¢S4, at most about 340 ¢S,
at most about 330 ¢St, at most about 320 ¢8t, at most about 310 ¢S, at most about 300
¢S, at most about 290 ¢8t, at most about 280 ¢St, at most about 270 ¢St, at most about
260 ¢St, at most about 250 ¢5t, at most about 240 ¢St, at most about 230 ¢St, at most
about 220 ¢St, at most about 210 ¢St, at most about 200 ¢St, at most about 190 ¢S, at
most about 180 ¢St, at most about 170 ¢8t, at most about 160 ¢St, at most about 150 ¢S,
at most about 140 ¢St, at most about 130 ¢8t, at most about 120 ¢S, at most about 110
oSt, at most about 100 ¢S¢, at most about 90 ¢St, at most about G ¢St, at most about 70
cSt, at most about 60 ¢St, at most about 50 ¢St at most about 40 ¢St, at most about 30
cSt, or at most about 25 ¢St; a density at 15°C (according to standardized test method
ISG 3675 or 1SO 12185} of at most about 1500 k’g/mg, for exaraple at most about 1400
kg/m’, at most about 1300 kg/m’, at most about 1200 kg/m’, at most about 1100 kg/m’,
at wost about 1000 kg/m}, at most about 990 kg/'mg, at most about 980 kg,"m3, at most

about 970 ke/m’, at most about 960 kg/m’, at most about 950 kg/m”, at most about 940
g g g
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kg/m’, or at most about 930 keg/m’; a deusity at 15°C (according to standardized test
method ISO 3675 or ISO 12185) of at least about 800 kg/m3, at least about 810 1»':g,/1113, at
Jeast about 820 kg/m’, at least about 830 ke/m’, at least about 840 kg/m’, at least about
850 kg/m’, at least about 860 kg/m’, at least about 870 kg/m’, at ieast about 880 kg/m’,
at least about 890 kgnrf or at least about 900 kg/m*z; a pour point {according to
standardized test method ISO 3016} of at most about 45°C, for example at most about
40G°C, at most about 35°C, at most about 30°C, at most about 25°C, at most about 20°C,
at most about 15°C, at most about 10°C, at most abowt 6°C, at most about 5°C, or at
most about 0°C; a pour point {according to standardized test method ISO 3016) of at
feast about -30°C, for example at least about -35°C, at least about -30°C, at least
about -25°C, at lcast about -20°C, at least about -15°C, at lecast about -10°C, at lecast
about -5°C, at least about §°C, at least about 5°C, at least about 7°C, at least about 10°C,
at least about 15°C, at least about 18°C, at least about 20°C, at least about 25°C, at lcast
about 30°C, at least about 35°C, or at least about 40°C; a calculated carbou aroroaticity
index (herein “CCAL” determined according to standardized test method IS0 8217
Anncx F, including Equation F.1) of about 880 or less, for example about 865 or less,
about 850 or less, about 840 or less, about 830 or less, about 828 or less, about 810 or
less, or about 800 or less; and a calculated carbon aromaticity index (according to
standardized test method ISC 8217 Annex F, including Eguation F.1) of about 780 or
more, for example about 800 or more, about 810 or more, about 820 or more, about 830
or more, about 840 or more, about 850 or more, about 860 or more, about R70 or more,
or about 880 or more. Ranges expressly disclosed include combinations of the above-
enumerated upper and lower himits, e.g. a kinematic viscosity at S0°C of 50-100 cStora

pour point between -10°C and 40°C.

[6028] Further additionally or alternately, the low sulfur marine bunker fuels, e.g.,
made according to the methods disclosed herein, can exhibit at least one of the following
characteristics: a flash point (according to standardized test method ISO 2719) of at least
about 60°C; a hydrogen sulfide content {according to standardized test method IP 570} of
at most about 2.0 mg/kg; an acid number (according to standardized test method ASTM
D-664) of at most about 0.5 mg KOH per gram; a sediment content {according to
standardized test method IS0 10307-1) of at most about 0.1 wit%s; an oxidation stability

{measured by ageing under same conditions as standardized test method ISC 12205,
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followed by filiration according to standard test method ISO 10307-1) of at most about
{(3.10 mass %; a watcr content {according to standardized test method ISO 3733) of at
most about 0.3 vol%; and an ash content (according to standardized fest method 150

6245} of at most about .01 wt¥e.

Vacuum Resid Product

16021} One important component of the low sulfur marine bunker fuel compositions
according to the invention and/or made according to the methods disclosed herein is a
substantially uncracked, hydrotreated vacuum resid product, which represents a resid
feed stream (e.g., @ vacuurn resid) that has been {cat feed) hydrotreated through contact
with a hydrogen-containing gas in the presence of a hydrotreating catalyst under
cffective hydrotreating conditions {(in a catalytic feed hydrotreater reactor). This
substantially uncracked, bydrotreated vacuum resid product s generally the efflucut from
a cat feed hydrotreater (CFHT), before being sent to a refinery cracking unit (such as an

FCC unit).

[6022] In the present invention, the low sulfur marine bunker fucl cornposition, e.g.,
made according to the methods disclosed herein, can be comprised of at least about 50
vol% of this uncracked, hvdrotreated vacuum resid product, for example at least about 50
vol%, at least about 60 vol%, at least about 70 vol%, at least about 80O vol%, at least
about 85 vol%, at least about 86 vol%s, at least gbout 87 vol%, at least about 88 volds, at
least about 89 voiSs, at least about 90 vol%, at least about 91 vol%, at least about 92
vol%, at least about 93 vol%, at lcast about 94 vol%, at lcast about 95 vol%, at lcast
about 96 vol%, at least about 97 vol%, at least about 98 vol9s, at least about 99 vol%, at
least about 99.9 vol%, or at least about 99.99 vol%. Additionally or alternately, the low
sulfur manine bunker fuel composition, e.g., made according to the methods disclosed
herein, can be comprised of 100 vol% or less of this uncracked, hydrotreated vacuum
resid product, for example at most about 99.99 vol%, at most about 99.9 vol%, at most
about 99 vol%, at most about 98 vol%, at most about 97 voi®s, at most about 95 vol%s, at
most about 90 vol®, at most about 85 vol%, at most about 80 vol%%, at most about 70
vol%s, at most about 60 vol%, at most about 50 vol%, or at most about 40 vol%. Ranges
cxpressly disclosed include combinations of the above-erumerated upper and lower

timits, e.g. 50-99.99 vol%, 60-85 vol¥%, or 70-80 vol%.
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[6623] Prior to bemg hydrotreated, the vacuum resid stream can generaily have a
sulfur content significantly higher than post-hydrotreatment.  For instance, the
pre-hydrotreated vacuum resid feed strearn can have a sulfur content of at least about
2000 wppm, for cxample at least about 3000 wppm, at least about 5000 wppm, at least
about 7500 wppm, at lcast about 1 wi%, at least about 1.5 wit%, at lcast about 2 wi%, at

least about 2.5 wi%, or at least about 3 wi%.

(6824} After being hydrotreated and without being subject to a (refinery) cracking
step, the uncracked, hydrotreated vacuum resid product can exhibit at least one of the

following characteristics:

e a sulfur content of at most about 5000 wppm, for example at most about 4900
wppm, for example at most about 4800 wppm, at most about 4700 wppm, at most
about 4600 wppm, at roost about 4500 wppm, at most about 4400 wppm, at wost
about 4300 wppm, at most about 4200 wppm, at most about 4100 wppm, at most
about 4000 wppra, at most about 3750 wppr, at most about 3500 wpprn, at most
about 3250 wppm, at most about 3000 wppm, at most about 2750 wppm, at most
about 2500 wppm, at roost about 2250 wppm, at most about 2000 wppm, at wost
about 1750 wppm, at most about 1500 wppm, at most about 1250 wppim, at most
about 1000 wppro, at most about 900 wppr, at most about 800 wppra, at most
about 750 wppm, at most about 700 wppm, at most about 630 wppm, at most
about 600 wppm, at most about 550 wppm, at most about 500 wppm, at most
about 450 wppm, at most about 400 wppm, at most about 350 wppm, at most
about 300 wppm, at most about 250 wppm, at most about 200 wppm, at most
about 150 wppm, at wost about 100 wppra, at most about 75 wppm, at most
about 50 wppm, at most about 30 wppm, at most about 20 wppm, at most about
1S wppm, at most about 10 wppm, at most about § wppm, or at most about §

WP

e a sulfur content of at least about 5 wppm, for cxample at least about 10 wppm, at
icast about 15 wpprn, at least about 20 wppm, at Icast about 30 wppr, at least
about 50 wppm, at least about 75 wppm, at least about 100 wppm, at least about
150 wppm, at least about 200 wppm, at least about 250 wppm, at least about 300

wppm, at least about 358 wppm, at least about 400 wppm, at least about 450
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wppm, at least about 300 wppm, at least about 550 wppm, at least about 600
wppm, at least about 650 wppm, at least about 700 wppm, at least about 750
wppm, at least about R0 wpprn, at least about 830 wppm, at least about 900
wppmn, at least about 950 wppm, at least about 1000 wppm, at lcast about 1250
wppm, at least about 1500 wppm, at least about 1750 wpprn, at least about 2000
wppm, at least about 2250 wppm, at least about 2500 wppm, at least about 2750
wppm, at least about 3000 wppm, at least about 3250 wppm, at least about 3500
wppm, at least about 3750 wppm, at least about 4000 wppm, at least about 4100
wppm, at least about 4200 wppm, at least about 4300 wpprn, at least about 4400
wppm, at feast about 4500 wppm, at least about 4600 wppm, at least about 4700
wppm, at least about 4800 wppm, or at least about 4900 wppm; Ranges expressly
disclosed juclude combinations of the above-cnumerated upper and lower himits,

e.2. 500-1500 wppm, 6501000 wppm, or 800900 wppm.

e anitrogen content of at most about 7500 myg/kye, for example less than about 7000
rog/kg, less than about 6500 mg/kg, less than about 6000 mg/kg, less than about
5500 mg/kg, less than about 5000 mg/kg, less than about 4500 my/kg, less than
about 4000 mg/kg, less than about 3000 mg/kg, less thav about 2500 mg/kg, less
than about 2000 mg/kg, or less than about 1500 mg/kg.

& g nitrogen content of at least about 1000 my/kg, for example at least about 1500
mg/kg, at least about 2000 mg/kg, at least about 2500 mg/kg, at lcast sbout 3000
mg'kg, at least about 3500 mg/kg, at feast about 4000 mg/kg, at least about 45060
rag/kg, at least about 5000 mg/kg, at least about 5500 mg/kg, or at least about
6000 mg/kg. Ranges expressly disclosed include combinations of the above-
enumerated upper and lower limits, e.g. 25007000 mg/kg, 30005000 mg/ke, or
40004500 rog/kg.

e a combined metals (Al, Ca, Na, Ni, V, and Zn) content of at most about 10
myg/kg, for cxample at roost about 9 mg/kg, at most about 8 mg/kg, at most about
7 mg/kg, at most about 6 wg/kg, at most about 5 mg/kg, or at wost about 4

mg/ke.
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e a combined metals (Al, Ca, Na, Ni, V, and Zn) content of at least about 1 mg/kg,
for example at least about 2 mg/kg, at least about 3 mgp/kg, at least about 4 mg/ke,
at least about 5 wog/kg, or at least about 6 vog/kg. Ranges expressly disclosed
include combinations of the above-cnumerated upper and lower himits, e.g., about

-6 mg/kg, about 2-3 mg/kg, or about 3—4 mg/kg.

e a kineroatic viscosity at S0°C {according to standardized test vocthod 1SO 3104)
of at lcast about 30 ¢St, for cxample at least about 40 ¢S¢, at least about 50 ¢8t, at
icast about 100 ¢St, at least about 150 ¢8t, at least about 200 ¢St, at least about
250 ¢8t, at lcast about 300 ¢St at lcast about 350 ¢St, at lcast about 380 ¢St, or at

least about 400 ¢St

» a lanematic viscosity at 50°C (according to standardized test method ISO 3104)
of at most about 400 ¢St, for example at most about 380 ¢St, at most about 350
¢St, at most about 300 ¢St, at most about 250 ¢5t, at most about 200 ¢St, at most
about 150 ¢&t, at most about 100 ¢St, at most about 530 ¢St, at most about 45 ¢S,
at most about 40 ¢St, at most about 35 ¢St, at most about 30 ¢St, at most about 25
c8t, at most about 20 ¢8t, at most about 15 ¢St, or at most about 12 ¢8t; Ranges
expressly disclosed melude combinations of the above-cuurncrated upper and

lower hmits, e.g. 50-250 ¢St, 100-350 ¢St, or 250-400 ¢St

e adensity at 15°C {according to standardized test method ISO 3675 or 1SO 12185)
of at most about 1.000 g/em’, for example at most about 0.950 g/om’, at most
about 0.940 g/em’, at most about 0.935 g/em”, at most about 0.930 g/era’, at most
about 0.925 g/cm’, at most about 0.920 g/cm’, at most about 0.915 g/em’, at most
about 0.910 g/em’, at most about 0.905 g/om’, at most about 0.900 g/em’, at most
about 0.895 g/emy’, at most about 0.890 g/omg, at most about §.885 g/cm}‘, or at

most about 0.880 glem’;

» a density at about 15°C (according to standardized test method 1ISO 3675 or IS0
12185) of at least about 0.870 g/cm’, at least about 0.875 g/em’, at least about
0.880 g/cm’, at least about 0.885 g/em’, at least about 0.890 g/em’, at least about
(.895 g/’cm3 , at least about 0.900 g/s:m3 , at least about (.905 g/’@m3 , at least about

0.910 g/ony, at least about 0.915 g/omy’, at least about 0.920 p/en’, at least about
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0.925 g/enn, at least about 0.930 g/om, or at least about 0.935 g/om”; Ranges
expressly disclosed include combinations of the above-enumerated upper and

lower limits, e.g. 0.870-0.925 g/om”, 0.890-0.930 g/lem’, or 0.910-1.000 glem’.

e a pour point {according to standardized test method IS0 3016} of at most about
45°C, for example at most about 40°C, at most about 35°C, at most about 30°C,
at most about 25°C, at most about 20°C, at most about 15°C, at most about 10°C,

at most about 6°C, at most about 5°C, or at most about §°C;

e a pour point (according to standardized test method 150 3016} of at least -50°C,
for exaraple at least -35°C, at least -30°C, at least -23°C, at least -20°C, at
least -15°C, at least -10°C, at least -5°C, at lcast about 0°C, at least about 3°C, at
least about 7°C, at least about 10°C, at least about 15°C, at least about 20°C, at
least about 25°C, at least about 30°C, at least about 35°C, or at teast about 40°C;
Ranges expressly disclosed include combinations of the above-cnumerated upper

and lower hmits, e.g. ~15-15°C, 10-30°C, or 20-40°C.

e acalculated carbon aromaticity index {according to standardized test method ISO
8217 Annex F, including Equation F.1) of about 8§80 or less, for example about
R65 or less, about 850 or less, about 840 or less, about 830 or less, about 820 or

less, about 818 or less, or about 800 or less; and

» a calculated carbon aromaticity index (according to standardized test method IS0
8217 Amnex F, wcluding Equation F.1) of about 780 or more, for example about
800 or more, about 810 or more, about 820 or more, about 830 or more, about
840 or more, about 830 or more, about 860 or more, about 870 or more, or about
880 or more; Ranges expressly disclosed include combinations of the above-

cnurnerated upper and lower limits, e.g. 780-880, 800863, or §10-8440.

[(025] As used herein, a “Tinom?” boiling point of a composition represents the
temperature required to boil at least [num] percent by weight of that composition. For
cxample, the temperature required to boil at least about 25 wi% of a feed s referred to
herein as a “T257 boiling point.  All boiling teraperatures used herein refer to the

temperature at 1 oatm pressure. The basic test racthod of determining the boiling points
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or ranges of any feedstock, any fuel component, and/or any fuel coraposition produced
according to this invention, can be performed according to standardized test method P

480 and/or by batch distillation according to ASTM D86-09¢1.

(6626} After being hydrotreated and without being subject to a (refivery) cracking
step, the uncracked, hydrotreated vacuum resid product can optionally also exhibit at

least one of the following boiling point characteristics:

» ap inttial boiling point (IBP) of at least about 250°C, for example at least about
2558°C, at least about 260°C, at least about 265°C, at least about 270°C, at lcast
about 273°C, at lcast about 280°C, at least about 285°C, at lcast about 290°C, at
icast about 295°C, at least about 300°C, at least about 305°C, or at least about

310°C;

e an IBP of at most about 315°C, for example at most about 310°C, at most about
335°C, at most about 300°C, at most about 295°C, at most about 290°C, at most
about 285°C, at most about 280°C, at most about 275°C, at most about 270°C, or
at most about 265°C; Ravges expressly disclosed include corubivations of the
above-enumerated upper and lower limits, eg. 280-310°C, 290-300°C, or

300-310°C.

® a TS5 boiling point of at least about 300°C, at least about 305°C, at least about
310°C, at least about 315°C, at least about 320°C, at least about 325°C, at least
about 330°C, at least about 335°C, at least about 340°C, at lcast about 343°C, at
least about 350°C, at least about 355°C, at least about 360°C, at least about

365°C, at least about 370°C, at least about 375°C, or at least about 380°C;

e a TS boiling point of at most about 370°C, for example at most about 365°C, at
most about 360°C, at most about 355°C, at most about 350°C, at most about
345°C, at most about 340°C, at most about 335°C, at most about 330°C, at most
about 325°C, at most about 320°C, at most about 315°C, at most about 310°C, at
most about 305°C, or at most about 300°C; Ranges cxpressly disclosed mclude
combinations of the above-enumerated upper and lower limits, e.g., 300-370°C,

350-360°C, or 345-365°C.
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e a T30 boiling point of at least about 450°C, for example at least about 455°C, at
least about 460°C, at least about 465°C, at least about 470°C, at least about
475°C, at least about 480°C, at least about 485°C, at least about 490°C, at least
about 495°C, at least about 500°C, at least about 305°C, at least about 510°C, at

icast about 513°C, or at least about 520°C;

e a T50 boiling point of at most about 535°C, for example at wost about 330°C, at
most about 525°C, at most about 520°C, at most about 515°C, at most about
SH10°C, at most about 505°C, at most about S60°C, at most about 495°C, at most
about 490°C, at most about 485°C, at most about 480°C, at most about 475°C, at
maost about 470°C, or at most about 465°C; Ranges cxpressly disclosed mclude
combinations of the above-enumerated upper and lower limits, e.g. 430-520°C,

480-500°C, or 470-485°C.

e g 195 boiling point of at lcast about 670°C, for example at least about 675°C, at
icast about 6803°C, at least about 685°C, at least about 690°C, at lcast about
695°C, at lecast about 700°C, at least about 705°C, at least about 710°C, at least
about 715°C, at least about 720°C, at least about 735°C, at least about 740°C, at
least about 745°C, at least about 750°C, at least about 755°C, or at least about

760°C;

e 2195 boiling point of at most about 755°C, for example at most about 750°C, at
most about 745°C, at most about 740°C, at most about 735°C, at most about
730°C, at most about 725°C, at most about 720°C, at most about 7153°C, at most
about 710°C, at most about 705°C, at most about 700°C, at most about 695°C, at
rost about 690°C, at most about 685°C, at most about 680°C, or at most about
675°C; Ranges expressly disclosed include combinations of the above-

enumerated upper and lower hmits, e.g. 690-760°C, 630-680°C, or 750-760°C.

» a final boiling point (FBP) of at least about 760°C, for example at least about
765°C, at least about 770°C, at least about 775°C, at least about 780°C, at least
about 783°C, at lcast about 790°C, at least about 795°C, at lecast about 800°C, at

icast about 805°C, at least about 810°C, at least about 815°C, at lcast about
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820°C, at least about 8235°C, at least about 830°C, at least about 835°C, or at least

about 840°C:; and

e an FBP of at most about 845°C, for example at most about 840°C, at most about
835°C, at most about 830°C, at most about 825°C, at most about 820°C, at most
about 815°C, at most about 810°C, at most about 8O5°C, at most about 800°C, at
most about 793°C, at most about 790°C, at most about 78S°C, at most about
780°C, at most about 775°C, at most about 770°C, or at most about 765°C;
Ranges expressly disclosed include combinations of the above-crumerated upper

and lower limits, e.g. 860-740°C, 793--730°C, or 800-810°C.

[6627) Additionally or alternatively, the uncracked, hydrotreated vacuum resid
product can cxhibit at least one of the following characteristics: a flash point {according
to standardized test method IS0 2719) of at least about 60°C; a hydrogen sulfide content
{according to standardized test method IP 570) of at most about 2.0 mg/kg; an acid
ourober {(according to standardized test vocthod ASTM D-664) of at most about .5 mg
KOH per gram; a sediment content {according to standardized test method 180 10307-1)
of at most about §.1 wi%,; an oxidation stability (measured by ageing under same
conditions as standardized test method SO 12205, followed by filtration according to
standard test method ISO 10307-1) of at most about 0.10 mass %; a water content
{according to standardized test method ISO 3733) of at most about 0.3 vol%,; and an ash

content {according to standardized tost method ISO 6245) of at most about 0.01 wit%.

Other Components of the Composition

[B028] When there are other components in the low sulfur marine bunker fuel
composition, e.g., made according to the methods disclosed herein, aside from the
uncracked, hydrotreated vacuum resid product, there can be up to 70 vol% of other
compounents, individually or i total, for example up to 65 vol%, up to 60 vol%, up to 55
vol%, up to 50 vol%, up to 45 vol%, up to 40 vol%, up to 35 vol%, up to 30 vol%, up to
25 vol%, up to 20 vol%, up to 15 vol%, up to 18 vol®, up to 7.3 vol%, up to 5 vol%, up
to 3 vol%, up to 2 vol%, up to 1 vol%, up to 0.8 vol%, up to 8.5 vol%, up to 0.3 vol%,
up to 0.2 vol%, up to 1000 vppm, up to 750 vppm, up to 500 vppm, up to 300 vppm, or
up to 100 vppm.
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[6629] Additionally or aliernatively, when there are other coroponents in the low
sulfur marine bunker fuel, e g., made according to the methods disclosed herein, aside
from the uncracked, hydrotreated vacuum resid product, there can be at least about 100
vppm of other components, individually or in total, for example at least about 300 vppm,
at least about 500 vppm, at least about 750 vppm, at least about 1000 vppro, at least
about 0.2 vol%, at least about 0.3 vol%;, at lcast about 0.5 vol%, at least about 0.8 vol%,
at least about 1 vol%, at least about 2 vol%, at least about 3 vol%, at least about 5 vol%,
at least about 7.5 vol%, at lcast about 10 vol%, at least about 15 vol%, at least about 20
vol%, at least about 25 vol%, at least about 30 vol%, at lcast about 35 vol%, at lcast
about 40 vol%, at least about 45 volY%, at least about 50 vol®, at least about 35 vol%, at
least about 60 vol%, or at least about 65 vol%. Examples of such other components can
melude, but are vot limited to, viscosity roodifiers, pour pownt depressants, ubricity
modifiers, antioxidants, and combinations thereof. Other examples of such other
compounents can meclude, but are not lirotted to, distillate boiling range components such
as straight-run  atmospheric (fractionated) distillate streams, straight-run  vacuum
{(fractionated) distillate streams, hydrocracked distillate strearns, and the hke, and
combinations thereof, Such distillate boiling range components can behave as viscosity
modifiers, as pour point depressants, as lubricity modifiers, as sorne combination thereof,
or even i some other functional capacity in the aforementioned low sulfur marine

bunker fuel.

[30306] Examples of pour point depressants can include, but are not limited to,
oligorers/copolymers of ethylene and one or more comonomers {such as those
commercially avatlable from Infineum, e.g., of Linden, NI}, which may optionally be
modificd post-polymerization to be at lcast partially functionalized (e.g., to exhibit
oxygen-containing and/or nitrogen-containing functional groups neot native to each
respective comonomer). Depending upon the physico-chemical nature of the uncracked,
hydrotreated vacuum resid product and/or the low sulfur marine bunker fuel
composition, e.g., made according to the methods disclosed herein, in some
embodiments, the oligomers/copolymers can have a number average molecular weight
(M) of about 500 g/mol or greater, for cxample about 750 g/mol or greater, about 1000
gimaol or greater, about 1500 g/mol or greater, about 2000 g/mol or greater, about 2500

g/mol or greater, about 3000 g/mol or greater, about 4000 g/mol or greater, about 3000
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g/mol or greater, about 7500 g/mol or greater, or about 10000 g/mol or greater.
Additionally or alternately in such embeodiments, the olipomers/copolymers can have an
M, of about 25000 g/mol or less, for example about 20000 g/rool or less, about 15000
g/mol or less, about 10000 g/mol or less, about 7500 g/mol or less, about 5000 g/mol or
less, about 4000 g/mol or less, about 3000 g/mol or less, about 2500 g/mol or less, about
2000 g/mol or less, about 1500 g/mol or less, or about 1000 g/mol or less. The amount
of pour point depressants, when desired to be added to the low sulfur marine bunker fuel
composition, e.g., made according to the methods disclosed herein, can inchide any

amount effective to reduce the pour pomnt to a desired level, such as within the gencral

ranges described hereinabove.

(6031} In some embodivoents, in addition to an uncracked, hydrotreated vacuam
resid product, the low sulfur marine bunker fuel, e.g., made according to the methods
disclosed herein, can comprise up to 15 vol¥% (for example, up to 10 vol%, up to 7.5
voi%, or up to 5 vol%,; additionally or alternately, at least about 1 vol%, for cxampie at
least about 3 vol%, at lcast about S vol%, at least about 7.5 vol%, or at least about 10
voi%) of slurry oil, fractionated (but otherwise untreated) crude oil, or a combination

thercof,

[8032] In sorac embodiments, up to about 50 vol% of the low sulfur marine bunker
fuel composition can be diesel additives. These diesel additives can be cracked or
uncracked, or can be a blend of cracked and uncracked diesel fuels. In particular
embodiments, the diesel additives can include a frst diesel additive and a second diesel
additive, also described hercin as a “first diesel boiling hydrocarbon stream” and a
“second diesel botling hydrocarbon stream.” Diesel fuels typically boil in the range of

about 180°C to about 360°C.

[6633] The first diesel additive can be a low-sulfur, hydrotreated diesel additive,
having ne more than 30 wpprm sulfur, for example no more than about 25 wppm, no
more than about 20 wppm, no more than about 15 wppm, no more than about 16 wppm,
or no more than about 5 wppm sulfur. In some embodiments, the first diesel additive can
provide up to about 40 vol% of the total fuel composition, for example up to about 35
vol%, up to about 30 vol%, up to about 25 vol%, up to about 20 vol%, up to asbout 15

voi%, up to about 10 vol%, or up to about 5 vol%.
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[6034] The second diesel additive can be a low-sulfur, hydrotreated diesel additive,
having no mwore than 20 wppm sulfur, for example no more than about 15 wppm, no
more than about 10 wppm, no more than about 5 wppm, no more than about 3 wppm, or
no more than about 2 wppm sulfur. In some embodiments, the second diesel additive
can provide up to about 530 vol% of the total fuel composition, for exaraple up to about
45 vol%, up to about 40 vol%, up to about 35 vol%, up to about 30 vol%, up to about 25
vol%, up to about 20 vol%, up to about 15 vol%, up to about 10 vol®%, or up to about 5

voi¥.

Hvdrotreating a Vacuum Resid Feed Stream

[6035] The (cat feed) hydrotreatment of the vacuum resid feed stream to attain the
uncracked, hydrotreated vacuum resid product can be accomplished in any suitable
reactor ot combination of reactors in a siogle stage or in wultiple stages.  This
hydrotreatment step typically includes exposure of the feed stream to a hydrotreating
catalyst ander effective hydrotreating conditions.  The hydrotreating catalyst can
comprise any suitable hydrotreating catalyst, e.g., a catalyst comprising at least one
Group VIH metal (for example selected from Ni, Co, and a comabination thercot) and at
feast one Group VIB metal (for example selected from Mo, W, and a combination
thercot), optionally including a suitable support and/or filler roaterial {e.g., comprising
alumina, silica, titania, zirconia, or a combination thereotf}. The Group VIHI metal of a
hydrotreating catalyst can be present in an amount ranging from about 0.1 wt % to about
20 wi %, for example from about 1wt % to about 12 wi %. The Group VIB wetal can
be present in an amount ranging from about 1 wt % to about 50 wt %, for example from
about 2 wt % to about 20 wt % or from about 5 wi% to about 30 wi%. The hydrotreating
catalyst according to aspects of this invention can be a bulk catalyst or a supported
catalyst.  All weight percents of metals are given i oxide form on support. By “on
support” is meant that the percents are based on the weight of the support. For example,
if the support were to weigh 100 grams, then 20 wt Y% Group VI metal would mean that
20 grams of Group VIH metal oxide is on the support. It is within the scope of the
present invention that more than one type of hydrotreating catalyst be used in the same

reaction vesael.
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13836} Techniques for producing supported catalysts are well known in the art.
Techniques for producing bulk metal catalyst particles are known and have been
previously described, for example m US. Pat. No. 6,162,350, which is hercby
incorporated by reference. Bulk metal catalyst particles can be made via methods where
all of the metal catalyst precursors are in solution, or via methods where at least one of
the precursors is in at least partly in solid form, optionally but preferably while at least
another one of the precursors is provided only in a solution form. Providing a mctal
precursor at least partly in solid form can be achieved, for example, by providing a
solution of the metal precursor that also includes solid and/or precipitated metal in the
solution, such as in the form of suspended particles. By way of illustration, some
examples of suitable hydrotreating catalysts are described in one or more of U.S. Pat.
Nos. 6,156,695, 6,162,350, 6,299,760, 6,582,590, 6,712,955, 6,783,663, 6,863,803,
6,929,738, 7,229,548, 7,288,182, 7,410,924, and 7,544,632, US. Patent Application
Publication Nos. 2005/027754S, 2006/0060502, 2007/0084754, and 2008/0132407, and
International Publication Nos. WO 04/007646, WO 2007/084437, W 2007/0R4438,
WO 2007/084439, and WO 2007/084471, inter alia.

30371 In certain conbodiments, the hydrotreating catalysts used n the practice of the
present invention are supported catalysts.  Any suitable refractory catalyst support
matertal—e. g. mctallic oxide support materials—can be used as supports for the catalyst.
Non-limiting examples of suitable support materials can include: alumina, silica, titania,
calcium oxide, strontium oxide, barium oxide, thermally (at least partially) decomposed
organic roedia, zirconia, wagnesia, diatomaceous earth, lanthanide oxides (including
cerfum oxide, lanthanum oxide, neodymium oxide, yttrium oxide, and prascodymium
oxide), chromia, thoriumn oxide, uramia, niobia, tantala, tin oxide, zinc oxide,
corresponding phosphates, and the like, and combinations thereof. In certain
erabodiroents, the supports can include alumina, silica, and silica-alumina. Tt is to be
understood that the support material can also contain small amounts of contaminants,
such as Fe, sulfates, and various metal oxides, that can be introduced during the
preparation of the support material. These contaminants are typically present in the raw
materials used to prepare the support and can preferably be present in amounts less than
about 1 wt %, based on the total weight of the support. It is preferred that the support

material be substantially free of such contaminants. In another embodiment, about ¢ wt
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% to about 3 wt %, for example from about 0.5 wt % to about 4 wt % or from about 1 wi
% to about 3 wt % of an additive can be present in the support. The additive can be
selected from the group consisting of phosphorus and roetals or metal oxides from Group

IA (alkali metals) of the Periodic Table of the Elements.

6838} The catalysts in the hydrotreating step(s) according to the invention may
optionally couvtain additional coraponents, such as other transition metals {e.g., Group V
metals such as niobium}, rare earth metals, organic ligands (e.g., as added or as
precursors left over from oxidation and/or sulfidization steps), phosphorus compounds,
boron compounds, fluorine-containing compounds, silicon-containing compounds,
proraoters, binders, fillers, or like agents, or combinations thereof. The Groups referred
to heretn reference Groups of the CAS Version as found wn the Periodic Table of the

er e L iy (ath g
Elements in Hawley's Condensed Chemical Dictionary, 13" Edition.

[6039] In some embodiments, the cffective hydrotreating conditions can comprise
one or more oft a weight average bed temperature (WABT) from about 550°F (about
288°C) to about 800°F {about 427°C); a total pressure from about 300 psig (about 2.1
MPag) to about 3600 psig (about 20.7 MPag), for example from about 700 psig (about
4.8 MPag} to about 2200 psig {about 15.3 MPag), e.g. about 150 bar (about 15.1 MPag);
an LHSV from about 0.1 hr' to about 20 ke, for example from about 0.2 hr'' to about
10 hr''; and a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm'/m’} to about
10000 scf/bbl (about 1700 Nm'/m?), for exaraple from about 750 scf/bbl (about 130
N/} to about 7000 scf/bbl (about 1200 Nm'/m’) or from about 1000 scf/bbl {about
170 Nm /mt’) to about 5000 scf/bbl {about 850 Nm'/m”™).

[(040] Hydrogen-containing (treat) gas, as referred to herein, can be either pure
hydrogen or a gas containing hydrogen, in av amount at least sufficient for the intended
reaction purpose(s), optionally in addition to one or more other gases {e.g., nitrogen,
light hydrocarbons such as mecthane, and the like, and combinations thereof) that
generally do oot adversely interfere with or affect cither the reactions or the products.
Impuritics, such as HoS and NHa, arc typically undesirable and would typically be
removed from, or reduced to desirably low levels in, the treat gas before it is conducted

to the reactor stage(s). The trecat gas siream introduced into a reaction stage can
g 3
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preferably contain at least about 50 vol% hydrogen, for exaraple at least about 75 vol%,

at lcast about 80 vol%, at lcast about 85 vol%, or at least about 90 vol%.

6041} The feedstock provided to the hydrotreating step according to the invention
can, in some embodiments, comprise both 8 vacuum resid feed portion and a biofeed
(liptd material) portion. In one embodiment, the lipid material and vacuum resid feed
can be maixed together prior to the hydrotreating step. v another embodiment, the hipid
material and vacuum resid feed can be provided as separate streams into one or more

apyropriate reactors.

[3042] The term “hipid material” as used according to the fnvention 18 4 cornposition
comprised of biological materials.  Generally, these biological materials include
vegetable fats/oils, animal fats/oils, fish oils, pyrolysis oils, and algac lipids/oils, as well
as coroponents of such matenials. More specifically, the lipid material includes one or
more type of lipid compounds. Lipid compounds arc typically biological compounds
that are insoluble m water, but soluble 1o vonpolar {or {aty solvents. Non-hmiting
examples of such solvents include alcohols, ethers, chioroform, alkyl acetates, benzene,

and combinations thereof,

(6843} Major classes of lipids include, but are not necessarily limited to, fatty acids,
glycerol-derived lipids (including fats, oils and phospholipids), sphingosine-derived
hipids (including ceramides, cercbrosides, gangliosides, and sphingomyelins), steroids
and their derivatives, terpenes and their derivatives, fat-soluble vitamins, certain

aromatic compounds, and long-chain alcohols and waxes.

[6044] In living organisms, lipids generally serve as the basis for cell membranes and
as a form of fuel storage. Lipids can also be found conjugated with proteins or

carbohydrates, such as in the form of lipoproteins and lipopolysaccharides.

[B045] Examples of vegetable otls that can be used in accordance with this invention
melude, but are not limited to rapeseed {(canola) o, soybean oil, coconut oil, sunflower
oil, palm oil, palm kernel o, peanut oil, linseed oil, tall oil, corn oil, castor oil, jatropha
otl, jojoba oil, ohive oil, flaxseed oil, camehina oil, safflower o1, babassu oil, tallow il

and rice bran oil.
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[G046] ‘egetable oils as referred to herein can also include processed vegetable oil

material. Non-limiting cxamples of processed vegetable oil material include fatty acids
fatty acid alloyl esters, Alkyl esters typically include C—Cs alloyl esters. Oune or more of

methyl, ethyl, and propyl esters are preferred.

16847} Examples of animal fats that can be used in accordance with the invention
mclude, bat are not himited to, beef fat (tallow), hog fat (lard), turkey fat, fish fat/oil, and
chicken fat. The animal fats can be obtained from any suitable source including

restaurants and meat production facilitics.

[3048] Awnimal fats as referred to hercin also inchude processed animal fat material,
Noun-limiting examples of processed animal fat material include fatty acids and fatty acid
alkyl esters. Alkyl esters typically include C~Cs alkyl esters. One or more of methyl,

cthyl, and propyl esters are preferred.

[3049] Algac otls or lipids are typically contained in algae wn the form of maembrane
components, storage products, and metabolites. Certain algal strains, particularly
microalgac such as distorns and cyanobacteria, contain proportionally high levels of
lipids. Algal sources for the algac oils can contain varying amounts, e.g., from 2 wt% to

40 wt% of lipids, based on total weight of the biomass itself.

[G056] Algal sources for algae oils include, but are not himited to, uniccliular and
multicelhiar algae. Examples of such algae include a rhodophyte, chiorophyte,
heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, cuglenoid, haptophyte,
cryptomonad, dinoflagellom, phytoplavkton, and the like, and combinations thereof. o
one embodiment, algac can be of the classes Chiorophyceae andlor Haptophyta.
Specific species can include, but are not limited to, Neochloris oleoabundans,
Scenedesmus dimorphus, Euglena gracilis, Phaeodactylum tricornuium, Pleurochrysis

carterae, Prymnesium parvum, Tetraselmis chui, and Chiamydomonas reinhardtii.

6051} The lipid waterial portion of the feedstock, when present, can be comprised
of triglycerides, fatty acid alkyl esters, or preferably combinations thereof. In one
cembodiment where lipid material 18 present, the feedstock can include at least about 0.05
wi% liptd material, based on total weight of the feedstock provided for processing into

fuel, preferably at least about 0.5 wit%, for example at least about 1 witbs, at lcast about 2
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wi%e, or at least about 4 w6, Additiovally or alternately, where hipid roaterial 18 present,
the feedstock can include not more than about 40 wt% hpid material, based on total
weight of the feedstock, preferably not more than about 30 wit%, for example not more

than about 20 wt%, or not more than about 10 wt%.

[6G32] In embodiments where lipid material is present, the feedstock can include not
greater than about 99.9 wi% mineral otl, for example not greater than about 99.8 wit%,
not greater than about 99.7 wi, not greater than about 99.5 wt%, not greater than about
99 wt%, not greater than about 98 wi%, not greater than about 97 wi'%, not greater than
about 95 wt%, not greater than about 90 wt%, not greater than about 85 wt% muneral ¢il,
or not greater than about 80 wit%, based on total weight of the feedstock. Additionally or
alternately, in embodiments where lipid material 1s presend, the feedstock can include at
least about 50 wt% mineral oil, for cxample at least about 60 wt%, at least about 70 wi%,
at least about 75 wi%, or at lcast about 80 wi% mineral oil, based on total weight of the

feedstock.

6053 In some embodiments where lipid material is present, the lipid material can
comprise a fatty acid alkyl ester, such as, but not himited to, fatty acid methyl esters

(FAME]}, fatty actd cthyl esters (FAEE), and/or fatty acid propyl esters.

Blendine the Hvdrotreated Vacuum Resid

[3854] Tools and processes for blending fuel components are well known in the art.
See, for example, US 3,322,169, 4,601,303, 4,677,567, Once the vacuum resid, e.g.,
made according to the methods disclosed herein, has been hydrotreated, it can be blended
as desired with any of a variety of additives including {e.g.) viscosity modifiers, pour
point depressants, lubricity modifiers, antioxidants, and combinations thereof. The
uncracked, hydrotreated vacuum resid can be blended with a first and a second low sulfur
diesel bothing range hydrocarbon siream as necessary to produce a marine bunker fuel

composition having a desired set of marine fuel specifications.

Further Embodiments

LHERRY Additionally or alternately, the present invention can include one or more of

the following embodiments.
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Embodiment 1

{HIRDY A wethod for producing a low-sulfur bunker fuel composition, the method
comprising: hydrotreating a vacuum resid feed stream with hydrogen in the presence of a
hydrotreating catalyst to reduce sulfur to no more than about 1500 parts per wllion
{ppm} without substantially cracking the vacuum resid; and blending the hydrotreated
vacuum resid with no more than about 10 vol% of a first diesel boiling range
hydrocarbon stream and 0o more than about 40 vol% of a second diesel botling range
hydrocarbon stream, wherein the vacoum resid feed stream has about 1000 to about
10000 ppm sulfur, the first diesel boiling range hydrocarbon stream bas no more than
about 20 ppro sulfur, and the second diesel botling range hydrocarbon strearn has no

more than about 10 ppo sulfur.
Embodiment 2

[BO57] The method of embodiment 1, wherein the vacoum resid feed stream has

about 6000 to about 10000 ppm sulfur.
Embodiment 3

HHIRE] The method of cither embodiment | or embodiment 2, wherein the vacuum

resid feed strearn has about 6000 to about 8000 ppm sulfur.
Ernbodirment 4

[3059] The method of any one of the previous ernbodiments, wherein the sulfur of

the hydrotreated vacuum resid is reduced to no more than about 1400 ppm.
Erabodiment S

[60606] The method of any one of the previous embodiroents, wherein the sulfor of

the hydrotreated vacuum resid is reduced to no more than about 1300 ppm.
Embodiment 6

(8061} The method of any one of the previous embodiments, wherein the sulfur of

the hydrotreated vacuura resid 18 reduced to no more than about 1200 ppm.
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Embodiment 7
13862} The method of any one of the previous embodiments, wherein the sulfur of

the hydrotreated vacuum resid is reduced to no more than about 1000 ppm.
Embodiment 8

(6063} The method of any onc of the previous ombodiments, wherein the
hydrotreated vacuurm resid is blended with no more than about 25 vol% of the second

diesel boiling range hydrocarbon stream.
Embodiment ¢

(6064 The method of any ong of the previous embodiments, wherein the
hydrotreated vacuum resid is blended with no more than about 20 vol% of the second

diesel boiling range hydrocarbon stream.
Embodiment 10

[3865] The method of any one of the previous embodivoents, wherein the
hydrotreated vacuum resid is blended with no more than about 15 vol% of the second

diesel boiling range hydrocarbon siream.
Erobodiroent 11

[(066] The method of any onc of the provious cmbodiments, wherein the
hydrotreated vacuum resid is blended with no more than about 7.5 vol% of the first

diesel boiling range hydrocarbon stream.
Embodiment 12

13867] The method of any one of the previous embodiments, wherein the
hydrotreated vacuum resid s blended with no more than abowut 5 vol% of the first diesel

boiling range hydrocarbon stream.
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Embodiment 13
[3068] The method of any one of the previous embodiments, wherein the vacuum

resid feed stream is hydrotreated under at least 150 bar of pressure.
Embediment 14

[6069] A low sulfur bunker fuel composition comprising: about 50 vol% to about
100 voi% of an uncracked, hydrotreated vacoum resid having at wmost about 1500 ppro
sulfur and a kinematic viscosity of at least about 350 ¢85t at S0°C; up to about 18 vol% of
a first dicsel boiling range hydrocarbon streamy; and up to about 40 vol% of a second
diesel boiling range hydrocarbon sitream, wherein the first diesel botling range
hydrocarbon stream has no more than about 20 ppm sulfur, and the second diesel boiling
range hydrocarbon stream has no more than about 10 ppro sulfur, and wherein the fuel
composition has one or more properties selected from the group consisting of: (1) a
lanematic viscosity of about 20 ¢St to about 100 ¢St at S§°C; (2) a density of about 830

kp/m’ to 1000 kg/m’ at 15°C; (3) and a pour point of 25°C to 35°C.
Embodiment 15

[6G70] The fuel composition of embodiment 14, wherein the composition has a

kinernatic viscosity of about 380 ¢St at 50°C.
Erobodiment 16

(8071} The fucl composition of either embodiment 14 or embodiment 15, wherein

the composition has a total metal content of no more than 6 mp/kg.
Erobodiment 17

[6672] The fuel composition of any one of cmbodiments 14-16, wherein the

composition has a total metal content of no less than 3 mg/kg.
Embodiment 1¥

[6673] The fuel composition of any onc of embodiments 14-17, whercin the

composition has less than 1200 ppm sulfur,
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Embodiment 19

[6674] The fuel composition of any onc of cmbodiments 14-18, wherein the

composition has less than 1000 ppm sulfur.
Embediment 20

(3475 The fuel composition of any onc of cmbodiments 14-19, wherein the

composition has less than 900 ppro sultfur.
Erobodiraent 21

{3676} The fuel composition of any one of embodiments 14-20, wherein the

composition has less than 850 ppm sulfur.
Embodiment 22

(68771 The fuel composition of any one of embodiments 14-21, wherein the

composition has less than 800 ppm sulfur.
Embodiment 23

6678} The fuel composition of any onc of embodiments 14-22, wherein the

composition has less than 500 ppm sulfor,
Embodiment 24

[6079] The fuel composition of any onc of embodiments 14-23, wherein the

composition has at {east S00 ppm sulfur.
Embodiment 25

[G380] The fuel composition of any one of embodiments 14-24, comprising no more

than about 25 vol% of the sccond diesel boiling range hydrocarbon stream.
Ernbodiment 26

(G081} The fuel composition of any one of embodiments 14-25, comprising no more

than about 20 volS% of the second diesel boiling range hydrocarbon stream.



WO 2016/089590 PCT/US2015/061015

Embodiment 27

[6082] The fuel composition of any one of embodiments 14-26, comprising no more

than about 15 vol% of the second diesel boiling range hydrocarbon stream.
Embediment 28

(G083} The fuel composition of any one of embodiments 14-27, comprising no more

than about 10 volS of the second diesel boiling range hydrocarbon stream.
Erobodiment 29

[3084] The tucl composition of any one of cmbodiments 14-28, comprising ne rore

than about 7.5 vol% of the first diesel botling range hydrocarbon stream.
Embodiment 30

[B085] The fuel cormposition of any one of cwbodiments 14-29, comprising no roore

than about 5 vol% of the first diesel boiling range hydrocarbon stream.
Embodiment 31

6086} The fuel composition of any onc of embodiments 14-30, wherein the

uncracked, hydrotreated vacoum resid provides no less than 60 vol% of the composition.
Embodiment 32

[B087] The fuel composition of any onc of embodiments 14-31, wherein the

uncracked, hydrotreated vacuum resid provides no less than 65 vol% of the composition.
Embodiment 33

[3088] The fuel composition of any one of cmbodiments 14-32, wherein the

uncracked, hydrotreated vacuurn resid provides no less than 70 vol% of the composition.
Ernbodiment 34

(6089} The fuel composition of any onc of cmbodiments 14-33, wherein the

uncracked, hydrotreated vacuuro resid provides no less than 80 vol% of the composition,
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Embodiment 35

[309¢] The fuel composition of any one of cmbodiments 14-34, wherein the

uncracked, hydrotreated vacuum resid provides no less than 90 vol% of the composition.
Embediment 36

16691} An uncracked vacuum resid having a TS50 of at least 600°C and no more than

about 1500 ppro sulfur.
Erabodiment 37

[3092] The uncracked vacuum resid of embodiment 36, having no more than about

1300 ppm suifur.
Embodiment 3%

[6093] The uncracked vacuum resid of either erobodimaent 36 or embodiment 37,

having no more than about 1200 ppm sulfur.
Embodiment 39

~y
-
i

6694} The uncracked vacuum resid of any one of embodiments 37-3&, having no

more than about 1000 ppm sulfur.
Embodiment 44

[G895] The uncracked vacuum resid of any one of embodiments 37-39, having no

more than about 800 ppm sulfur,
Embodiment 41

[3896] The uncracked vacuum resid of any one of embodiments 3740, having no

more than about 500 ppm sulfur,
Ernbodiment 42

6697} The uncracked vacuum resid of any one of embodiments 37-41, having at

least about 5380 ppro sulfur,
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Embodiment 43

[6098] The uncracked vacuum resid of any one of embodiments 3742, having a

total metal content of no more than 6 mg/kg.
Embodiment 44

(6099} The uncracked vacuum resid of any one of embodiments 37-43, having a

total metal content of no less than 3 mg/kg.
Ernbodiment 45

[30100] The vncracked vacuum resid of any one of cmbodiments 3744, having no

more than about 6000 mg/kg nitrogen.

EXAMPLES

[60101] The following cxamples arc merely illustrative, and do not hmit this

disclosure in any way.
Example 1 Hydrotreating and Blending Process

[68162] In prophetic Example T (see Figure 1), a high sulfur (e.g., about (.5 to about
0.8 wi%)} vacuurn resid, having been fractionated from a crude oil and exhibiting the
properties disclosed in Table 1 below, is fed at a rate of ~106 m'/br into a (cat feed)
hydrotreating unit that is loaded with a commnercially available alumina-supported Group

VIB/Group VI {e.g., NiMo) hydrotreating catalyst.

(661637 In the hydrotreating unit, the vacuum resid is both hydrotreated to remove
most {e.g., at lcast about 80 wt%, for example at least about 90 wt% or at least about 95
wi%} of the sulfur content. The treatrent employs 4 strearn of gas that s ~80.6%
hydrogen. The treatment occurs under e.g. ~101 bar pressure and at e.g. ~378°C. The
EIT may be between about 315°C and about 455°C, for cxample between about 360°C
and 395°C. The total pressure my range from about 90 bar to about 150 bar, for example

about 120 bar.
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[68104]  The product from the hydrotreating unit is an uncracked, hydrotreated
vacuum resid product (details in Table 4 below), prior to being fed o an FCC unit. At
the end of the hydrotreatment process, the resulting uncracked vacuurm resid contains

ctween about 0.12 wi% and about 0.14 wt% sulfur. At least a portion of this uncracked,
hydrotreated vacuum resid product can be diverted from the FCC unit to be blended with
a combination of a first dicsel additive feed (Table 2) and a second diesel additive feed
{Table 3) to yicld a bunker fuel corposition with ~1000 wppm sulfur and a kinematic
viscostty at 50°C of ~380 ¢St. At least 40% by volume, and up to 100% by volume, of
the marine bunker fucl composition can be comprised of the uncracked, hydrotreated

vacuum resid product.

Table 1
Typical {exemplary} vaccum resid feed
Sulfur, wt¥% ~(.5 t0 ~0.8 (~0.65)
Nitrogen, wppm ~3000-3700  (~3375)
Density at 15°C, kg/m® ~900 to ~1000  ~962
Vigcosity at 50°C, ¢St ~400 to ~550  {(~497)
Conradson carbon residue, wt% ~4-7  {~0.4)
Initial Boiling Pont (IBP), °C ~265-360  (~305)
T5 Botling Point, °C ~360-410  {~378)
110 Boiling Point, °C ~410-430  (~397)
120 Boiling Point, °C ~430-455 (~421)
T30 Botling Point, °C ~455-465  (~41)
140 Boiling Point, °C ~465-490  (~406)
T50 Botling Point, °C ~490-520 (~504)
160 Botling Point, °C ~520-560 (~531)
T9S Boiling Point, °C ~560-785 {~75&)
Final Boiling Point (FBP), °C ~785-840 (~801)
Table 2
Typical {exemplary) first diesel additive feed
Density at 15°C, kg/m” ~RO0-900 (~866.3)
Cloud point, °C ~5-8 {~6.8}
T50 Boiling Point,°C ~280-350 {(~321.9)
Flash point, °C ~70-110 {~105)
Sulfur, wppm ~5-44 (~20)

Kinetic viscosity at 50°C, ¢St ~1-10 {~4)
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Table 3
Typical {exemplary} second diesel additive feed
Density at 15°C, kg/m® ~800-900 (~830)
Cloud point, °C =2 50 {(~-21.0)
150 Botling Point,°C ~200-290 {(~264.1}
Flash pomnt, °C ~S0-70 {~60}
Sulfur, wppm ~2.3-13 {(~7.3)
Kiuetic viscosity at 50°C, ¢St ~1-10 {~5)
Tablc 4
Uncracked, hydrotreated vacuum resid product
Sulfur, wppm ~12R0
Kinematic Viscosity @SO°C, ¢St ~447
Pour Point, °C ~24
Density @15°C, kg/m’ ~345
Water content, vol% <(.5
Ash content @350°C, wt% <0.010
Microcarbon residue, wt% ~4 99
Total sediment, wt% <¢.1
Flash point, °C >180
CCAI ~808
Acid namber, mg KOH/g <2.5
Al + Si content, mg/kg ~¥
Ca content, mg'kg ~3
Na content, mg/kg ~2
Ni content, mg/kg ~ 2000
V content, mg/kg -4

Example 2 Bunker fuel composition

[B0105] The process described in Example 1 results in a bunker fucl composition. In
four illustrative, non-limiting examples, the vacuum resid can be combined with the first
and second hydrotreated diesel additives 1n g vol%vol%ivol% ratio of {e.g)
~63:~27:~10 (“base blend”); ~50:~40:~10 (low blend”); ~60:~48:~0 “medium blend™);
and ~70:~20:~10 {“high blend™)

A

The individual characteristics of the resulting marine

bunker fuel compositions are shown below in Table 5.
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Table 5

Properties Base Low  Med.  High
Deusity at 15°C (kg/m™) 9265 G118 9261 9359
CCAI 807 8035 806 809
Sulfur (wppim) 858 781 915 1080
Kinctic Viscosity @30°C (¢St} 78.03 335 7714 1333
Flash point (°C) 97 a5 91 100
Acid number {mg KOH/g) <301 <0.01 <001 <001
Total sediment accelerated 0.01 0.02 (.01 0.03
Carbon residue (wi%) 5.9 4.5 3.3 6.4
Pour point {°C) -3 13 0 {
Water {vol%) 0.10 (.05 .10 .05
Ash (wi%) 0.008  0.004 0020 <0.001
V, Na, Al, 8i, Ca, Zn, P, (img/kg) <4 =<3 <6 <5

Example 3 Vacuum resid distilation characteristics

[661086] Two vacuoum resids were hydrotreated as described herein.

distillation profiles for cach resid batch are shown in Table 6.

The IPSO7
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Table 6

Resid #1 Resid #2
tenmp.(°C)  temp.(°C)

Resid #1 Resid #2
temp.(°C)  tomp.(°C)

o, Resid#l Resid#2
temp(°C)  teowp.(°C)

iBp 308 276 4232 426.8 T46 481.% 485
Tl 3176 306.8 4254 428 T47 485.2 492
T2 3358 427.4 431 T4¢ 4¥8.8 496.2
T3 3476 429.8 432.8 T49 492.2 508.2
T4 356.8 4318 56 496 504.2
TS 364.8 433.6 151 495.6 S08.8
T6 371 4358 T52 503.2 513
T7 376.6 437.8 440§ 153 567 517.6
T¥ 3812 440.2 2. T54 51 522.4
T9 3856 4472 444, T55 5152 526.8
T10 389.6 444 46. 156 519.2 5314
Ti1 392.8 4464 449, T57 536
T12 396.2 449 . T58 548.6
T13 3992 451.4 454 T86 686.6
Ti4 402.2 454 8 Ty7 6542
T15 404.6 457 459.6 T&& 701.6
116 407.2 4594 462. 189 716.8 769.2
T 409.8 462.4 4646 T90 726.4 717.4
Ti8 4124 465.6 469.2 191 736.4 7252
119 414.4 468.6 2.8 192 750 733.2
120 416.3 472 4764 193 741.6
T21 419 475

122 421.2 4784

Example 4 Hydrotreatment to reduce nitrogen content

[68167]  Ouo four separate days, four batches of vacuum resid were hydrotreated. The
nitrogen content of these four batches was measured before and after hydrotreatment.

Relevant data are shown in Table 7 below.
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Table 7
Untreated feed stream Hvdrotreated vacuum resid
Batch | 3000 1600
Batch 2 3700 21090
Batch 3 3100
Batch 4 3700 2300
Min. 3000 1600
Max. 3700 2300
Mean 3375 2000
Std. Dev. 377.49172 360.55513

[68108] The above examples are strictly exemplary, and should not be construed to
timit the scope or understanding of the present wnvention. | should be understood by
those skilled in the art that various changes may be made and equivalents may be
substituted without departing trora the true spirtt and scope of the Invention. In addition,
many modifications may be made to adapt a particular situation, material, composition of
matter, process, process step or steps, to the objective, spirit and scope of the described
tnvention.  All such modifications are intended to be within the scope of the claims
appended hereto. It must also be noted that as used herein and in the appended claims,
the singular forms “a,” “an,” and “the” include plural referents unless the context clearly
dictates otherwise. Each technical and scientific tern used herein has the same meaning
cach time it 1s used. The use of “or” in a Hsting of two or ruore tters indicates that any
combination of the ttems is contemplated, for example, “A or B” indicates that A alone,
B alone, or both A and B are intended. The publications discussed herein are provided
solely for their disclosure prior to the filing date of the present application. Nothing
heremn is to be construed as an admussion that the described mvention is not entitled to
antedate such publication by virtue of prior invention. Further, the dates of publication
provided may be differcut from the actual publication dates which may need to be

confirmed independently.
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CLAIMS:

I A method for producing a low-sulfur bunker fuel composition, the method
comprising:

hydrotreating a vacuum resid feed stream with hydrogen in the presence
of a hydrotreating catalyst to reduce sulfur to no more than about 1300 parts per

million {(wppm) without substantially cracking the vacuum resid; and

blending the hydrotreated vacuum resid with no more than about 10 vol%
of a first dicsel boiling range hydrocarbon strearn and no more than about 40

vol?% of a second diesel boiling range hydrocarbon stream,

wherein the vacuum resid feed stream has about 1000 to about 10000
wppm sulfur, the first diesel boiling range hydrocarbon stream has no more than
about 20 wppm sulfur, and the second diesel boiling range hydrocarbou stream

has no more than about 10 wppm sulfur.

2. The method of Claim 1, wherein the vacuum resid feed stream has about

6000 to about 10000 wppm salfur,

3, The method of Clairn 2, wherein the vacuur resid feed stream has about

6000 to about 8000 wppm sulfur,

4. The method of Claim 1, wheretn the sulfur of the hydrotreated vacuum

resid 18 reduced to no more than about 1400 wppm.

5. The method of Claim 4, wherein the sulfur of the hydrotreated vacuura

resid s reduced to no more than about 1300 wppm.

6. The method of Claira 5, wherein the sulfur of the hydrotreated vacuurn

resid is reduced to no more than about 1200 wppm.

~y
Ji
i

The method of Claim 6, wherein the sulfur of the hydrotreated vacuum

resid is reduced to no more than about 1800 wppm.
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&. The method of Claira 1, wherein the hydrotreated vacuum resid 1s blended

with no more than about 25 vol% of the second diesel boiling range hydrocarbon stream.

9. The method of Claim ¥, wherein the hydrotreated vacuum resid is blended

with no more than about 20 vol% of the second diesel boiling range hydrocarbon stream.

19, The method of Claim 9, wherein the hydrotreated vacuum resid is blended

with no more than about 15 vol% of the second diesel boiling range hydrocarbon stream.

1. The method of Claim 1, wherein the hydrotreated vacuum restd is blended

with no more than about 7.5 vol% of the first diesel boiling range hydrocarbon stream.

12. The method of Claim 11, wherein the hydrotreated vacuum resid is
blended with no more than about 5 vol% of the first diesel boiling range hydrocarbon

stream.

13, The method of Claim [, wherein the vacuum resid feed stream is

hydrotreated under at least 130 bar of pressure.
14. A tow sulfur bunker fuel composition comprising:

about 50 vol% to about 100 vol% of an uncracked, hydrotreated vacuurn
resid having at most about 1500 wppm sulfur and a kinematic viscosity of at least

about 350 ¢St at 50°C;

up to about 10 voi% of a first dicsel boiling range hydrocarbon stream;

and
up to about 40 vol% of a second diesel botling range hydrocarbon stream,

wherein the fivst diesel boiling range hydrocarbon strearo has no more
than about 20 wppm sulfur, and the second dicsel boiling range hydrocarbon

stream has no more than about 10 wppm sulfar, and

wherein the fuel coraposition has one or more properties selected from the

group consisting of! (1) a kinematic viscosity of about 20 ¢St to about 100 ¢St at
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50°C; (2) a density of about 800 kg/m® to 1000 kg/o” at 15°C; (3) and a pour
point of 25°C to 35°C.

15, The fuel composition of Claim 14, wherein the composition has a

kinervatic viscosity of about 380 ¢St at 50°C.

16. The fuel coraposition of Claim 14, wherein the composition has a total

metal content of no more than 6 mg/kg.

17.  The fuel composition of Claim 14, wherein the composition has a total

metal content of no less than 3 myg/kg.

18, The fuel composition of Claim 14, wherein the composition has less than

1208 wppm sulfur.

19.  The fuel composttion of Claim 18, wherein the composition has less than
1000 wppm sulfur.
28, The fuel composition of Claim 19, wherein the composition has less than

960 wppro sulfur.

2L The fuel composition of Claim 20, wherein the composition has less than

850 wppm sulfur,

22, The fuel composition of Claim 21, wherein the composition has less than

800 wppm sulfur,

23.  The tucl composition of Claim 22, wherein the composition has less than
500 wppm sulfor,

24.  The fuel coroposition of Claima 14, wherein the composition has at least

500 wppm sulfur.

25, The fuel composition of Claim 14, comprising no more than about 25

voi% of the second diesel boiling range hydrocarbon stream.

26. The fuel composition of Claim 25, comprising no more than about 20

vol% of the sccond diesel boiling range hydrocarbon stream.
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Y The fuel comwposition of Claim 26, compnising no more than about 15

voi% of the second diesel boiling range hvdrocarbon stream.
& S

28, The fuel composition of Claim 27, comprising no more than about [0

voi% of the second diesel boiling range hydrocarbon stream.

29, The fuel composition of Claim 14, comprising no roore than about 7.5

voi% of the first diesel boiling range hydrocarbon strean.

38, The fuel composition of Claim 29, comprising no more than about § vol%

of the first dicsel boiling range hydrocarbon stream.

31, The fuel composition of Claim 14, wherein the uncracked, hydrotreated

vacuum resid provides no less than 60 vol% of the composttion.

32, The fuel composition of Claam 31, wherein the uncracked, hydrotreated

vacuum resid provides no less than 65 vol% of the composition.

33, The fuel composition of Claim 32, wherein the uncracked, hydrotreated

vacuum restd provides no less than 70 vol% of the composition.

34, The fuel composition of Clain 33, wherein the uncracked, hydrotreated

vacuum resid provides no less than 80 vol% of the compeosition.

35.  The fuel composition of Claim 34, wherein the uncracked, hydrotreated

vacuum resid provides no less than 90 vol% of the composition.

36.  An uncracked vacuum resid having a TS0 of at least 600°C and no more

than about 1500 wppm sulfur,

37. The uocracked vacuurn resid of Claim 36, having no more than about

1300 wppm sulfur.

38, The uncracked vacuum resid of Claim 37, having no more than about

1200 wppm suifur.

39, The uncracked vacuoam resid of Claim 38, having no wore than about

1000 wppm suifur.
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40, The uncracked vacuurn resid of Claim 39, baving no more than about 800
wppim suifur.

41, The uncracked vacuum resid of Claim 40, having no more than about 500
wppra sulfur.

42. The uncracked vacuum resid of Claim 36, having at least about 500 wppm
sulfur.

43, The uncracked vacuum resid of Claim 36, having a total metal content of
no more than 6 mg/kg wppm.

44,  The uncracked vacuum resid of Claim 36, having a total metal content of
1o less than 3 mg/kg wppm.

45, The uncracked vacuum resid of Claim 36, having no more than about

6000 mg/kg nitrogen.



