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NOVEL FUEL COMPOSITIONS AND METHODS FOR MAKING SAME

FIELD
HEHU This invention relates generally to methods for making marine/bunker fuels
baving relatively fow sulfur content, as well as to the resulting low sulfur content fuel

compositions made according to such methods,

BACKGROUND

18002] As provutgated by the International Maritime Organization (IMQ), issued as
Revised MARPOL Avnex VI, raarive fuels will be capped globally with increasingly more
stringent requircmenis on sulfur content. In addition, individual countries and regions are
baginning to restrict suifur level used in ships in regions known as Emission Control
Arcas, or ECAs.

[6003) 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 fower sulfur specs for marine vessels can be conventtonally
accompiished through the use of distillates. However, distitlate fuels typically trade at a
high cost promium for a variety of reasons, not the least of which is the utility in a varicty
of transport applications craploying Compression ignition engines. They are produced at
tow sulfur levels, typically signtficantly below the sulfur levels specified in the IMO
regulations.

[6004] Those regulations specify, iter alia, 3 1.0 wit% sulfur content on ECA Fuels
{effective July, 2010) for residual or distillate fuels, a 3.5 wis sulfur content cap {effective
January, 2012}, which can impact about 15% of the current residual fuel supply, 2 0.1 w9
sulfur content on ECA Facls (effective January, 2015), relating mainly to hydrowreated
middle distillate fuel, and 8 0.5 wi% sulfur content cap (circa 2020-2025), centered mainly
on distillate fuel or distillate/residual fuel mixtures. When the ECA sulfur Himits and
sulfur cap drops, various reactions may take place to supply low sulfur fuels. The 0.1% S
ECA fuel can be challenging to supply, since shippers typically purchase lower sulfur fue
oils with propertics suitable for marine applications, and at a steep price discount to

distiliate fuels.
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{8005 Hydrotreaters in front of FCC units, commonly called CFHT, typically
hydroprocess Virgin Gas Oils (VGOs) to sefficiently low sulfur levels such that the
product fuels arc sufficient to be sold as fuel with no further treatment, or with miniroal
incremental hydroprocessing,

HERES ft would be advantageous to utilize a fuel high energy content, low sulfur fuels
in marine applications, which fiels have couventionally incladed cracked distillates.
Distillates can typically command a much higher value than bunker fuels. An alternative
low sulfur marine/bunker fuck, with the correct fuci quality characteristics, could
command a high premium in the marketplace.

{6097] Indeed, there are some publications that disclose the desirability of lowering
the sulfur content of marine/bunker fuels. A non-exclusive list of such publications
includes, for example, U.S. Patent Nos. 4,000,076, 4,420,388, 6,187,174, 6,447,671, and
7,651,605, U5, Patent Application Publication No, 2008/0093262, PCT Publication Mos,
WO I88R/057228 and WO 2009/0013 14, British Patent No. GB 1209967, Russian Patent
Mo, RU 2213125, lapangse Patent No, JP 2006000724, and the following articies: Chem.
& Tech. of. Fuels and Gils (2005), 41(4), 287-91; Ropa a Uhlie (1979), 21(R), 433-40;
Godishnik na Visshya Khum, hesla fostitut, Sofiva (1979), 25(2), 146-48; and Eunergy
Progross (19867, 6(13, 13-19,

[B8008] Thus, it would be desirable to find compositions (and methods for making

themn) in which hydrotreated and/or umeracked gasoil products could be used in

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

SUMMARY OF EMBODIMENTS OF THE INVENTION

[6609] Ome aspect of the invention relates to a method for making a low sulfur marine
and/or bunker fuel composition with a reduced concentration of components that have
hoon crackesd, the mothod comprising: contacting a gasoil feed strcarn having at icast 7300
wppm, for example at least 2000 wppm, sulfur condent with 2 hydrogen-conlaining gas in
the presence of a hydrotreating catalyst under effective hydrotreating conditions ina
catalytic feed hydrotreater, such that the product exhibits at most 53000 wppm, for example
at most 1000 wppm, sulfur content, a pour point of at least 7°C, and a kinematic viscosity
of at least 12 ¢St at about 50°C, without the product being subject to cracking; optionally
blonding at least a portion of the uncracked product with 0-70 vol% of other compounents,

selected from viscosity modifiers, pour point depressants, lubricity modifiers, antioxidants,
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and combinations thereof, to form a marine and/or bunker fuel compuosition, the resulting
marine and/or bunker fuel composition containing the uncracked product having: at most
5000 wppm, for example at most 1000 wppm, sulfur content; at most 25 vol%, based on
all componenis of the marine and/or bunker fuel composition, of residual components
selected from crude fractionation vacuam resid, crude fractionation atmospheric resid,
visbreaker resid, deasphalted vacoum resid, slurry oil, and combinations thereot; less than
50 vol%, based on all components of the marine and/cr bunker fuel composition, of
residual components, components subject to a refincry eracking step, or both: and at lcast
one of a kinematic viscosity at about 50°C from 12 ¢St to 50 ¢5¢, a density at about 15°C
from 0.90 g/em’ to 0.94 glom’, a pour point from 7°C to 45°C, and a calculated carbon
aromaticity index of 830 or less.

HB L Another aspect of the invention relates {0 a low sulfur marine and/or bunker
fuel composttion comprising: 30 vol% 1o 100 vol% of an uneracked, hydrotreated gasotl
product having at most 3000 wppm, for example at most 1000 wppm, sulfur content, a
pour point of at least 7°C, and a kinematic viscosity of at least 12 ¢85t at about 50°C; and
up to 70 vol% of other components, selected from viscosity modifiers, pour point
depressants, hubricity modifiers, antioxidanis, and combinations thereot, wherein the low
sulfur marine and/or bunker fuel composition has: at most 5000 wppin, for example at
most 1000 wppm, sulfur content; at most 25 vol%, based on all components of the marive
and/or bunker fuel coraposition, of residual components selected from crude fractionation
vacuum resid, crude fractionation atmospheric resid, visbreaker resid, deasphalted vacuun
resid, sturry oil, and combinations thereof] fess than 50 vol%, based on all components of
the marine and/or bunker fisel composition, of residual componeunts, components subject (o
a refinery cracking step, or both; and at least one of a kinematic viscosity at about 50°C
from 12 £8t to S0 ¢St, 2 density at about 15°C from 0.90 g/em” to 0.94 g/em’, a pour peint

from 7°C to 45°C, and a calculated carbon aromaticity index of 850 or less.

DETAILED DESCRIPTION OF THE EMBODIMENTS

LHURY In one aspect of the invention, a raethod is described for making a Tow sulfur
marine and/or bunker fucl composition, while another aspect of the invention describes the
low sulfor marine and/or bunker fuel composition so made. in cither aspect, the low sulfur
fuel composition can advantageously meet a atricter standard than currently requived for

marine and bunker fuels by having a maximum sulfur content of 5000 wppm, or more
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restrictively 1000 wppm. Although sulfur content standards for fuels are not generally
given a minimur, it can often be desirable to be as close to the standard maximum as
passible for any nurmber of reasons, which may fnchide, without limitation, that stringent
sulfur standards requiring additional costly treatment can be reduced/minimized by
allowing relatively high-sulfur, relatively {ow-value streams to be incorporated tnto
compositions where they otherwise might not negatively affect the specifications. As
such, in many embodiments meeting the more restrictive 1000 wppm specification, the
tow sulfur marine and/or 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 embodiments meeting the more restrictive 1000 wppm specification, the low sulfur
marine and/or bunker fuels, e.g., made according to the methods disclosed herein, can
exhibit a sulfur content of at most 850 wppm, for example at most 750 wppm, at raost 700
wppnt, at most 630 wppm, at most 600 wppm, at mwost 350 wppo, at most 300 wppra, at
most 450 wppin, at most 400 wppm, at most 350 wppim, at most 300 wppm, at most 250
wppm, at most 200 wppm, at most 150 wppm, at most 100 wppm, at most 75 wppm, at
most SO wppm, at most 38 wppm, at most 20 wppm, at mwost 1S wppim, a most (0 wpprm,
at most & wppm, or af most 5 wppm. Further, in other embodiments meeting the 5000
wppn specification, the low sulfur marine and/or bunker fuels, e.g., made according to the
methods disclosed herein, can exhibit a sultur content of at most 4900 wppm, for example
at most 4800 wppm, at most 4700 wppra, at most 4000 wppm, at raost 4500 wppr, at
most 4400 wppm, at most 4300 wppm, at most 4200 wppin, at most 4100 wppm, at most
4000 wppm, at most 3750 wppm, at most 1500 wppm, at most 3250 wppm, at most 3600
wppm, at most 2750 wppm, at wost 2500 wppm, at most 2250 wppm, at most 2000 wppm,
at most 1750 wpprm, at most 1500 wppm, at most 1250 wppm, at most 1000 wppm, at
most 750 wppm, at most 500 wppm, at most 254 wppm, at most 100 wppm, at most 75
wpptn, at most 34 wppm, at most 30 wppm, at most 20 wppm, at mwost 15 wppm, at most
£ wppro, at most 8 wppm, or at most S5 wppm. T such various other ombodiments, the
tow suffur marine and/or bunker fuels, .g., made according to the methods disclosed
herein, may additionally exhibit a sulfur content of at least 5 wppm, for example at least
10 wppm, at feast 15 wppm, at least 20 wppm, at least 30 wppm, at least 5O wppm, at least
75 wppm, at least 100 wppm, at least 150 wppm, at least 200 wppm, at least 250 wppm, at
feast 300 wppm, at least 350 wppm, at least 400 wppm, at least 450 wppm, at least 560
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wppm, at least S50 wppm, at least 600 wppm, at least 650 wppm, at least 700 wppm, at
least 750 wppm, at least 800 wppm, at least 850 wppm, at least 900 wppm, at feast 950
wppr, at least 1000 wpprm, at least 1250 wpprs, at feast {500 wppm, at least 1750 wppm,
at least 2000 wppm, at least 2250 wppm, at least 2500 wppm, at least 2750 wppi, at feast
3000 wppm, at least 3250 wppm, at least 3500 wppm, at least 3750 wppim, at least 4000
wppm, at feast 4100 wppm, at least 4200 wppm, at least 4300 wppm, at least 4400 wppm,
at least 4500 wppim, at least 4600 wppm, at least 4700 wppm, at least 4300 wppm, or at
least 4900 wppm.
[6012] Advantageously, and contrary to conventional practices, the present
compositions and methods focus on a reduced use/concentration of components that have
been subject to a (refinery) cracking process. This should be understood to include
steps/stages whose primary or significant focus is cracking (e.g., FCC procesaes, steam
cracking processes, thermal cracking processes such as visbreaking and/or coking, and the
like, but typically nov hydrocracking), but not to include steps/stages where cracking i s
very minor focus or a side reaction {e.g., hydrotreating processes, aromatic saturation
processes, bydrofinishing processes, and the like), Withowt being bound by theory, it s
believed that reducing the amount of cracked stocks in a fuel composition can bave an
advantage of improving oxidation stability and/or ignition quality of the fuel composition
{e.g., hydrocracked stocks can tend to be differcotiatable from other cracked stocks in that
their quality, such as in oxidation stability and/or ignition quality, can tend to be
acceptable or even relatively high, perhaps due to the role that hydrogen plays in such
cracking processes). As aresult, conventional cracked components of marine/bunker fuels
suach as cycle olls (eg, light and heavy), shury oils ({2, the FOC bottoms), and the like
can advantageousty be reduced/minimized or at least kept to a velatively low level.
{0013] Further additiopally or alternately, the present compositions and methods can
focus on a reduced use/concentration of residual components. Exarmples of such residual
components can include, but are not imited to, vacuum resid from fractionating
{(total/partial) erude oils, atmospheric resid from fractionating (total/partial) crude oils,
visbreaker resid, deasphalted vacium resid, slurry oil, and the like, and combinations
thereof. Without being bound by theory, it is believed that reducing the amount of
residual components in a fuel composition can have an advantage of reducing metals

content(s) and/or content of catabyst fines in the fuel composition. As a result, such
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residual components of marine/bunker fuels can advantageously be reduced/minimized or
at feast kept to a relatively low level.
{6014 For example, 1o many embodiuments, the content of residual components can be
at most 25 vol%, based on all components of the marine and/or bunker fuel composition,
for example at most 20 vol%, at most 15 vol%, at most 13 vol%,, at most S vol%%, at most 3
vol%, at most | vol%, at most 0.5 vol%, at most §.1 vol%, or substantially none,
Additionally or alternately, in many embodiments, the total content of residual and
cracked components can be less than 50 vol%, based on all components of the marine
and/or bunker fuel composition, for example at most 43 vol%, at most 40 vol%s, at most 35
vol%%, af most 30 vol%, at most 25 vol?%, at most 20 vol%s, at most 15 vol%, at most {0
vil%, at most 5 vol%, at most 3 voi%, at most 1 vol%, at most .5 vol%, at most .1
vol%, or substantially none. Further additionally or alternately, in some embodiments, the
content of eracked components can be at rost 35 vol%4, based on all components of the
marine and/or bunker fuel composition, for example at most 30 vol%, at most 25 vol%, at
muost 20 vol%. at most 15 vol%, at most 13 vol%, at most 5 vol%, at most 3 vol%, at most
T vol%, at most 0.5 vol%, at most 8.1 vol%, or substantially none.
H3015] Still further additionally or alternately, the low sulfur marine and/or bunker
fuels, e.g., made according 0 the methods disclosed herein, can exhibit at least one of the
following characteristics: a Kinematic viscosity at about 50°C {according to standardized
test method ISO 3104) of at Teast 12 ¢5¢t, for example at feast 15 ¢St at least 20 oS¢, at
least 25 ¢S¢, at least 30 ¢St at least 35 ¢St, at feast 40 ¢8¢, or at least 45 ¢St; 8 kinematic
viscosity at about 50°C (according to standardized test method IS0 3104) of at most 3§
¢St for example at most 50 ¢5t, ai most 43 ¢St, at most 40 ¢St, at most 35 ¢S4, at most 30
¢t at most 25 ¢St, at most 20 ¢S, at most 15 ¢S, or at yoost 12 ¢81; a density at about
15°C (according to standardized test method IS0 3675 or ISC 12185) of at most (.94()
gew®, for e example at most ,935 uu at most §.930 G’/L'}l , at most 0,928 g/emy’, at most
$.920 g/c:m", at most 4.913 fg/'cm", at most §.910 g/’cm", at most 0.903 g/cm‘?’ , at most 8,900
‘cm’, at most 0. 895 g gfcm’, at most 0.890 g g/em’, at most 0.885 g/em’, or at most 880
‘em’; a density at about 15°C (according to standardized test method ISO 3675 or 18O
52185} of at least 0.870 g/em’, at least 0.875 glom’, at least 0.880 g/om’, at least 0.885
giem’, at least 0.890 g/om’, at least 0.895 g/em’, at feast 0.900 giom’, at least 0.905 g/ent’,

at least 0.910 g/om’, at least 0.915 g/lom’, at least 0.920 g/cnt’, at least 0.925 ¢/om’, at feast
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0.930 giont’, or at feast 1.935 g/om’; a pour point (according to standardized test method
IS0 3016 of at most 45°C, for example at most 40°C, at most 35°C, at most 30°C, at
most 285°C, at most 20°C, at most {5°C, at most 10%C, at most 6°C, at most 3°C, or at
most 0°C; a pour point (according to standardized test method ISO 3016) of at feast -S07C,
for example at least -35°C, at least -30°C, at least -25°%C, at least -20°C, at least -15°C, at
feast -10°C, at least -5°C, at least 0°C, at least 57C, at least 7°C) at least 10°C, at feast
£5°C, at loast 20°C, at leas !, at least 30°C, at least 35°C, or at {east 40°C; a
calculated carbon aromaticity index {according to standardized test mothod ISO R217
Annex F, including Equation F.1) of 880 or less, for example 865 or less, 850 or less, 40
or less, 830 or less, 820 or less, 810 or less, or 800 or less; and a calculated carbon
aromaticity index {(according to standardized test method ISO 8217 Annex F, including
Equation F.1} of 780 or more, for example 800 or more, 813 or more, 820 or more, 830 or

more, 840 or more, 8580 or mpore, 860 or more, 870 or more, or 888 or more,
{0016] Yet still further additionally or alternately, the low sulfur marine and/or bunker
fuels, e.g., made according to the methods disclosed herain, can exhibit at least one of the
following characteristics: a flash point {according to standardized test method 150 2719)
of at feast 60°C; a bydrogen sulfide content (according to standardized test method P 570)
of at most 2.0 mg/kg; an acid number (according to standardized tost method ASTM D
664) of at most §.5 mg KOH per gram; a sediment content {according to standardized test
wethod 1SO [0307-1) of at most 0.1 wt%; an oxidation stability (measured by ageing
under same conditions as standardized test method 18O 12208, followed by filtration
according to standard test method IS0 10307-1) of at most0.10 mass¥o; a water content
{(according to standardized test method T5G 37333 of at most 0.3 vol%; and an ash content
{accordmg to standardized tost method SO 6245) of at most 0.01 wi%.
{6017 One important component of the low sulfur marine and/or bunker fuel
compusitions according to the invention and/or made according to the methods disclosed
herein s an uneracked, hydrotreated gasodl product, which represcots a gasoil foed stream
{e.g., a vacuum gascil) that has been (cat feed) hydrotreated through contact with a
hydrogen-containing gas in the presence of a hydrotreating catalyst under effective
hydroteeating conditions {in a catalytic feed hydrotreater reactor). This uncracked,
hydrotreated gasoil product is generally the offfuent from g cat feed hydrotreater (CFHT,

before being sent to a refinery cracking unit (such as an FCC unit). In the presest
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invention, the low sulfur marine and/or bunker fuel composition, £.g., made according to
the methods disclosed herein, can be comprised of at least 30 voi% of this uncracked,
hydrotreated gasoil product, for example at least 40 vol%, at least 30 vol%, at least 60
vol%, at fcast 70 vol%, at least 80 vol%, at least 85 vol¥s, at feast 90 vol%, at least 95
vil%, at feast 97 vol%, at least 98 vol%, at least 90 vol, at least 99.9 vol¥%, or at least
99.99 vol%. Additionally or alternately, the low sulfar marine and/or bunker fuel
composition, e.g., made according to the methods disclosed herein, can be comprised of
L0 vol% or fess of this uncracked, hydrotreated gasoil product, for example ai most 99.99
vol%6, at most 99.9 vol%, at most 99 vol%6, at most 98 vol%, al most 97 vol%, at most 938
voi%s, at most 90 vol%, at most 85 vol%, at most 80 vol?s, at most 70 vol%, at most 60
vol%, at most 58 voi%, or at most 40 vol%.

[3018] Prior to being hvdroireated, the gasoil feed stream (g, & vacuum gasoi} feed
stream) can generally have a sulfur content significantly higher than post-hydrotreatment.
For instance, the pre-hydrotreated gasoil feed stream can have a sutfur content of at least

2000 wppin, for example at least 3000 wppm, at least 5000 wppm, at least 7500 wppm, at

least 1 wi%, at least 1.5 wi%, at least 2 wi?%, at feast 2.5 wi¥s, or at least 3 wi%.
>
{6019 After being hydrotreated and without being subject 10 a (refinery) cracking

step, the uncracked, hydrotreated gasoil product can exhibit at least one of the following
characteristics: a sulfur content of at most 3000 wppm, for example at most 4900 wppm,
for example at roost 4200 wppm, at most 4700 wppra, at most 4600 wppm, at most 4500
wppin, at most 4400 wppm, at most 4300 wppm, at most 4200 wppm, at most 4100 wppm,
at most 4000 wppm, at most 3750 wpprm, at most 3508 wppm, at most 3250 wppm, at
most 3000 wppm, at most 2750 wppin, at most 2500 wppm, at most 2250 wppm, at most
2000 wppm, at most { 750 wppin, at most 1500 wppm, at most 1250 wppm, at most 1000
wppm, at most 900 wppm, at most 800 wppny, at most 750 wppim, at most 700 wppm, at
most 630 wppr, at most 500 wppm, at wost 550 wppm, at most 500 wppm, at most 450
wppm, at most 400 wppm, at most 350 wppm, at most 300 wppm, at most 230 wppm, at
most 200 wppm, at most 150 wppm, at most 100 wppm, at most 75 wppm, at most 50
wppm, at most 30 wppm, at most 28 wppim, at most 15 wppm, at most 10 wppm, at most 8
wipm, of at ost S wppm; a subfur content of at least 5 wppm, for exarple at least 10
wppm, &t least 15 wppm, at least 20 wpprn, at least 30 wppm, at least 30 wppm, at least 78

wppnt, at least 100 wppm, at least 150 wppm, at least 200 wpprn, at feast 250 wppm, at
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least 300 wppm, at least 350 wppm, at least 400 wppm, at least 450 wppm, at feast SO0
wppim, at least 550 wppm, at least 600 wppm, at least 650 wpprn, at least 700 wppm, at
least 750 wppm, at least 800 wppm, at feast 850 wppm, at least 900 wppm, at teast 950
wppm, at least 1000 wppin, at least 1250 wppm, at feast 1500 wpprn, at feast 1750 wppm,
at least 2000 wppm, at least 2250 wppm, at least 2500 wppm, at least 2750 wppin, at feast
3000 wpprm, at least 3250 wppm, at least 3500 wppm, at least 3750 wppm, at least 4000
wppm, at loast 4100 wppm, at least 4200 wppm, at least 4360 wppm, at least 4400 wppm,
at fcast 4500 wppm, at feast 4600 wppm, at least 4700 wppm, at feast 4800 wppm, or at
least 4900 wppmy; a kinematic viscosity at about 50°C {according to standardized test
mcthod IS0 3104) of at least 12 ¢S4, for example at feast 15 ¢Sy, at least 20 ¢S4, at least 25
cSt, at least 30 ¢St at feast 35 ¢St, at least 40 ¢8t, or at least 45 ¢St; & kinematic viscosity
at about SH°C {according to standardized test method ISO 3104) of at most 55 ¢St, for
exampie at most 50 ¢St at most 45 ¢8¢, at most 40 ¢St, at most 25 ¢S1, at most 30 ¢St at

miost 25 ¢St at most 20 o5, at most 15 ¢St or at most 12 o8¢ a density at about 15°C

(according to standardized test method 18O 3675 or ISO 12185y of at most 8.940 g w&m
for example at most 0,935 g/’cm", at most 8,930 fgwa at most 0.925 g/em, at most 0.920

giom’, at most 0.915 gleny’, at most 0,910 glom’, at most 0.905 g,/cm‘z' , at most 8,900
glem®, at most 0.495 glom®, at most 0.890 g/em’®, at most 0.885 glem’, or at most 0,880
g/'cm“; a density at about 15°C (according to standardized test method IS0 3675 or ISO
12185) of at Teast 0.870 g/ern’, at feast 0.875 giom™, at least 0.880 g/om’, at least 0.885
gfem’, at least .890 giem’, at least 0.895 glent’, at least 0.900 glem’, at least 0.905 giom’,
at least 0.910 g/ony’, at least 0.915 g/em’, at least 0.920 glom’, at least 0.925 g/ony’, at least
0.930 g/om’, or at least 0.935 g/em®; a pour point (according to standardized test method
ISO 3016) of at most 457C, for example at most 40°C, ai most 35°C, at most 30°C, at

ge)

most 253°C, at most 20°C, at most 15°C, at most 10°C, at most 6°C, at most 5°C, or at
most 0°C; a powur point (according to standardized test method ISO 3016) of at least -30°C,
for exaraple at feast -35°C, at least -30°C, af least -25°C, at least -20°C, at least -15°C, at
least -10°C, at least -5°C, at least 0°C, at least 5°C, at least 7°C, at least 10°C, at feast
15°C, at least 20°C, at least 25°C, at least 30°C, at least 35°C, or ai least 40°C

calculated carbon aromaticity index (according to standardized test method 1SO 8217
Annex F, including Equation F.1) of 880 or less, for example 865 or less, €50 or less, 840

ot less, 830 or less, 820 or less, 810 or less, or 800 or less; and 2 calculated carbon
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aromaticity index (according to standardized test method ISO 217 Annex F, including
Equation F.1) of 780 or more, for example 800 or more, 810 or more, 820 or more, 830 or
more, 340 or more, 850 or more, 860 or more, 870 or more, or XK or more.
{06201 After being hydrotreated and without being subject to a {refinery) cracking
step, the uncracked, hydrotreated gasoil product can opticnally also exhibit at least one of
the foliowing boiling point characteristics: an initial boiling point (IBP) of at least 230°C,
for example at least 235°C, at feast 240°C, at least 245°C, at least 230°C, at least 235°C, at
feast 2060°C, at loast 205°C, at least 270°C, at least 275°C, or at least 280°C: an IBP of at
most 285°C, for example at most 280°C, at most 275°C, at most 270°C, at most 265°C, at
most 260°C, at most 255°C, at most 250°C, at most 2453°C, at most 240°C, or at most
235°C: a T3 boiling point of at least 280°C, for example at least 285°C, at least 290°C, at
feast 295°C, at least 3G0°C, at [east 305°C, at least 310°C, at least 315°C, at least 320°C,
at least 325°C, at least 330°C, at least 335°C, ar least 340°C, at least 345°C, or at least
350°C; a 15 boiling point of at most 355°C, for example at most 330°C, at most 345°C, at
most 340°C, at most 335°C, at most 330°C, at most 3257C, at most 320°C, ai most 315°C,
at most 310°C, at most 305°C, at most 3007, at most 295°C, at most 290°C, or at most
285°C; a T80 boiling point of at least 400°C, for example at least 405°C, at least 410°C, at
teast 415°C, at feast 420°C, at least 425°C, at least 430°C, at least 435°C, at least 440°C,
at least 445°C, at least 450°C, at least 455°C, at least 460°C, at least 465°C, or at least
470°C; a T30 boiling point of at most 475°C, for example at most 470°C, at most 465°C,
at most 460°C, at most 455°C, at most 450°C, at most 445°C, at most 440°C, at most
435°C, at most 430°C, at most 425°C, at most 420°C, at most 415°C, at mosi 416°C, or at
most 405°C; a TS boiling point of at least 5107C, {for example at least S15°C, at least
5207, at least S25°C, at {east 5307, at least 535°C, at least 540°C, at least 545°C, at
least S50°C, at least 5

at least 380°C, at least 585°C, or at feast 590°C; a TYS boiling point of at most $95°C, for

st 555°C, at least S60°C, at least 565°C, at least S70°C, at least 575°C,

oxarapie at raost $90°C, at most 385°C, at most S80°C, at most 375°C, at most 370°C, st
most S65°C, at most 560°C, at most 535°C, at most $S0°C, at most 545°C, at most 5340°C,
at most 335°C, at most 530°C, at most 525°C, at most 520°C, or at most 515°C; a final
boiling point (FBP) of at least S6(°C, for example at least 563°C, at least 570°C, at least
575°C, at least 580°C, at least 385°C, at leasi 590°C, at least 5395°C, at least 600°C, at
feast 605°C, at least 610°C, at least 6153°C, at least 620°C, at feast 625°C, at least 630°C,
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at least 638°C, or at least 640°C; and an FBP of at most 645°C, for exampie at most
6407, at most 635°C, at most 630°C, at most 625°C, at most 620°C, at most 615°C, at
most G10°C, at raost 6035°C, at most 600°C, ar most S938°C, at most 590°C, at most 385°C,
at most 580°C, at most §75°C, at most 370°C, or at most 565°C. As used herein, a
“Tlaoum]” boiling point of a compeosition represents the temperature required to boil at
teast [pum] percent by weight of that composition. For example, the temperature required
to boil at feast 25 wit%% of a feed is referred to hercin as a “T25” boiling point. The basic
test method of determining the boiling points or ranges of any feedstock, any fuel
component, and/or any fuel composition produced according to this invention, can be
performed according to standardized test method TP 480 and/or by batch distillation
according to ASTM DE6-0%e1,
{3321 Opticnally in some embodiments, the uncracked, hydrotreated gasoil product
can additionally exhibit at least one of the following characteristics: a flash point
(according to standardized test method 18O 2719) of at least 60°C; a hydrogen sulfide
content (according to standardized test method 1P 570) of at most 2.0 my'kg; an acid
nurnber {according to standardized test method ASTM D-664) of at most 0.5 mg KOH per
gram; a sediment content (according to standardized test method ISO 10307-1) of at most
(.1 wt%,; an oxidation stability (measured by ageing under same conditions a
standardized test method 1SO 12205, followed by filtration according to standard test
method [SO 10307-1) of at most 0,10 mass%; a water content {according to standardized
test method 180 3733) of at most 0.3 vol%,; and an ash content (according to standardized
test method 150G 6245) of at most 0.01 wi%
[6022] When there are other compovents in the fow sulfur marine and/or bunker fuel
composifion, e.g., made according to the methods disclosed herein, aside from the
uncracked, hydrotreated gasoil product, there can be up to 70 vol% of other components,
mndividually or in total, for example up to 65 vol%, up 10 60 vol%, up to 35 vol%, ap to 50
vol%, up to 45 vol%, up 10 40 vol%, up to 35 vol%, up to 30 vol®%, ap to 25 vol%, up to
20 vol%, up to 15 vol%, up to 10 vol%. up t0 7.5 vol%, up to 5 vol%%, up to 3 vol%, up to
2 vol%, up to 1 vol%, up 10 0.8 vol%, up to 0.3 vol%, up to 0.3 vol%, up t0 0.2 vol¥%, up
10 1600 vppm, up to 758 vppim, up 1o SO0 vppm, up to 300 vppm, or up o 100 vppm.
Additionally or alternately when there are other components in the fow sulfur marine

and/or bunker fuel, e.g., made according o the methods disclosed herein, aside from the
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ancracked, hydrotreated gasoil product, there can be at least 100 vppm of other
components, individually or in total, for example at feast 300 vppm, at least 300 vppm, at
least 750 vppm, at feast 1000 vppro, at least 8.2 vol%, at least 0.3 vol%, at least .5 vol%,
at least (.8 vol%, at least 1 vols, at teast 2 vol%, at least 3 vol%, at least 5 vol%, at least
7.5 vol%a, at least 10 vol%, at least 15 vol%, at least 20 vol®s, atf least 25 vol9%, at least 30
vol%, at feast 33 vol%, at least 40 vol%, at least 45 vol%, at least 58 vol%, ai least 55
vol%, at least 60 vol%, or at least 65 vol%. Examples of such other components can
inchude, but arc not limited to, viscosity modifiers, powr point depressants, lubricity
modifiers, antioxidants, and cormnbinations thereof. Qther examples of such other
components can include, but are not Hmited to, distillate boiling range components such as
straight-run atmospheric {fractionated) distillate stroams, straight-run vacuum
{fractionated) distiliate streams, hydrocracked distillate streams, and the like, and
combinations thereof, Such distillate botling range components can bebave 4s viscosity
maodifiers, as pour point depressants, ag lubricity modifiers, as some combination thereof,

- or even in some other functional capacity in the aforementioned low sulfur marine/bunker
fuct,

180231 Examples of pour point depressants can inelude, but are not liraxied to,

'3

oligomers/copolymers of ethylene and one or more comonomers (such as those
comrpercially available from Wfineum, e.g., of Linden, NI), which may optionally be
modified post-polymerization to be at least partially functionalized {e.g., to oxhibit
oxygen-containing and/or nitrogen-containing functicnal groups not native to gach
reapective comonomer). Depending upon the physico-chemical nature of the uncracked,
hydrotreated gasoil product and/or the low sultur marine and/or bunker fuel composition,
e.g., made according to the methods disclosed herein, in some embodiments, the
oligomers/copolymers can have 2 number average molecular weight (Mn) of about 530
w/mol or greater, for example about 750 w/mol or greater, about 1000 g/mol ur greater,
ahout 1500 g/mol or greater, about 2000 g/mol or greater, about 2500 g/mol ot greater,
about 3000 g/mol or greater, about 4000 g/mol or greater, about S000 g/mol or greater,
abuout 7500 g/mol or greater, or about 10000 g/mol or greater. Additionally or alternately
in such embodiments, the cligomers/copelymers can have a number average molecular
weight (Mu) of about 25000 g/mol or less, for example about 20000 g/mol or less, about

E3000 g/mol or less, about 10000 g/raol or less, about 7500 g/mol or less, about SH0(
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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/mot 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
and/or bunker fuel composition, e.g., made according to the methods disclosed herein, can
include any amount etfective to reduce the pour point to a desired fevel, such as within the
general ranges described hereinabove.
[6024] in some embodiments, in addition 0 an uncracked, hvdrotreated gasoil
product, the fow selfur marine and/or busker fuch, e.g., made according to the methods
disclosed herein, can comprise up 1o 15 vol% (for ex a*nple up to 10 vol%, up to 7.5 vol%
or up to § vol%; additionally or altornately, at least | vol%, for cxample at least 3 vol%, at
cast S vol%, at least 7.5 vol%, or at least 10 voi%s) of shurry oil, fractionated (but
gtherwise untreated) crude oil, or a combination thereof.
{8025) The {(cat feed) hydrotreatment of the gasoil feed strea 1o attain the uncracked,
hydrotreated gasoil product can be accomplished in any suitable reactor or combination of
reactors in a single stage or in multiple stages. This hydrotreatment step typically inchudes
exposure of the foed stream to 8 hydrotreaning catalyst under effoctive hydrotreating
conditions. The hydrotreating catalyst can comprise any suitable hydrotreating catalyst,
e.g., a catalyst comprising at least one Group VI metal {for example selected from Ni,
Co, and a combination thereot) and at least one Group VIE metal (for example selected
from Mo, W, and a combination thereof), optionally mcluding a suitable support and/or
filler material (e.g., comprising alumina, silica, titania, zirconia, or a combination thercof).
The hydrotreating catalyst according to aspects of this invention can be a bulk catalystora
supported catalyst. Technmiques for producing supponed catalysts are well known in the
Techniques for producing bulk metal catalyst particles are known and have been
previously described, for example in U.S, Patent No. 6,162,350, which is hereby
incorporated by reference. Bulk metal catalyst particles can be made via methods where
all of the metal catalyst precursoers are in solution, or via methods where at least one of the
Precursors is in at keast partly in solid form, optionally but preferably while at least another
one of the precursors is provided only in a solution form. Providing a metal precursor at
feast partly in solid form can be achicved, 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 dlustration, some examples of suitable
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hydrotreating catalysts are described in one or more of U.S. Patent Nos. 6,156,095,
6,162,350, 6,299,760, 6,582,590, 6,712,955, 6,783,663, 6,363,803, 6,029,738, 7,229,543,
7,288,182, 7,410,924, and 7,544,632, U.S. Parent Application Publication Nos,
2005/0277545, 2006/0060502, 2007/0084754, and 2008/0132407, and {nternational
Publication Nos. WO (4/007646, WO 2007/084437, W 2007/084438, WO
2007/084439, and WO 2007/0R4471, infer alia.

18026] The catalysts in the hydrotreating step(s) according 1o the invention may
optionally contain additional componcents, 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, flucring-containing compounds, silicon-containing compounds, promoters,
binders, fillers, or like agents, or combinations thereof, The Groups referred to herein
reference Groups of the CAR Version as found in the Pertodic Table of the Eleroents in
Hawley's Condensed Chemical Dictionary, 13™ Edition.

18027} in some embodiments, the effective hydrotreating conditions can comprise ong
or more of: a weight average bed temperatare (WABT) from about 550°F {about 238°C)
1o about 8O0°F (about 427°C); a total pressuwre from about 300 psig (sbout 2.1 MPag) o
about 3000 psig {about 20.7 MIag), for exarmple from about 700 psig (about 4.8 MPag) to
about 2000 psig (about 3.8 MPag); an LHSV from aboat 0.1 ' to about 20 hr', for
example from about 0.2 hr't to about 10 br''; and a hydrogen treat gas rate from about 500
scf/bbl (about 85 Nm'/m’) 1o about 10000 scf/bbl (about 1700 Nur'/m’), for example from
about 750 seffbbl (about 130 Nm /m®) to about 7000 scf/bbi (about 1200 Nm’/m’) or from
about 1000 scf/bbl (about 170 Nm*/m’) to about 5000 sei/bbl (aboat 850 Nm*/nr'),

180281 Hydrogen-containing (treat) gas, as referved to herein, can be either pure
hydrogen or & gas containing hydrogen, in an amount at least sutficient for the intended
reaction purpose(s), optionally v addition to one or more other gases (e. g, nitrogen, light
hvdrocarbons such as methane, and the Like, and combinations thereof) that generally do
not adversely interfere with or affect either the reactions or the products, Impurities, such
as H8 and NH;, are typicaily 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 treat gas stream introduced into a reaction stage can preferably contain at
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least about 50 vol% hydrogen, for example at least about 75 voi%, at least about 80 vol%,
at feast abowd 83 vol%%, or at least about 90 vol%.

{8025 The feedstock provided to the hydrotreating step according to the invention
can, in some embodiments, comprise both a gasoil feed portion and g biofeed (lipid
material) portion. In one embodiment, the lipid material and gasoll feed can be mixed
together prior to the hydrotreating step. In another ersbodiment, the lipid material and
gasoil feed can be provided as separate sireams info One o MOTe APPropriate reactors,
18038} The term “lipid maierial” as used according to the invention is a conposition
comprised of biological materials. Generally, these biological waterials fnchide vegetable
fats/oils, animal fats/oils, fish oils, pyrobysis oils, and algae lipids/oils, as well as
components of such materials. More specifically, the lipid material includes one or more
type of lipid compounds. Lipid compounds are typically biclogical compounds that are
nsoluble in water, but soluble v nonpolar {or fat) solvents. MNon-limiting examples of
such solvents include alcohols, ethers, chloroform, alkyl acetates, benzene, and
combinations thereofl

{8031 Major classes of lipids include, but are not necessanly limited to, fatty acids,
glveerol-derived lipids (including fats, oils and phospholipids), sphingosine-derived lipids
{inchuding ceramides, corchrosides, gangliosides, and sphingomyeling), steroids and their
derivatives, terpenes and their derivatives, fat-soluble vitaming, certain aromatic
compounds, and long-chain aleohols and waxes.

{8032] Iz living organisms, Hpids generally serve as the basis for eell 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 hipopolysaccharides.

{30331 Exarnples of vegetable oils that can be used in accordance with this invention
include, but are not limited to rapeseed (canola) oil, soybean oif, coconut oil, sunflower
oil, palm 0il, palim kernel oil, peamut ¢, hinseed oil, tall o, corm oll, castor oil, jatropha
otl, jojoba oil, olive oil, flaxseed oil, camelina oil, satflower oil, babassu odl, tallow oil and
rice bran otl.

[8034] Vegetable oils as referred to herein can also include processed vegetable oil
material, Non-limiting examples of processed vegetable oil material inchide faity acids
and fatty acid alloyl esters. Alkyl esters typically include C;-Cs alkyl esters. Oue or more

of methyl, ethyl, and propyl esters are preferred.



WO 2012/135247 PCT/US2012/030788

[

[#28
B

[6335] Examples of animal fats that can be used in accordance with the invention
tnchide, bat are not Timited 1o, 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.

EHIRESH Animal fats as referred o herein also include processed animal fat material.
Non-timiting examples of processed animal fat material include fatty acids and fatty acid
abkoyt esters. Alkyl esters typically include C;-Cs alleyl esters. One or more of methyl,
cthyl, and propyl csters are preferred.

{80371 Algae oils or lipids are typically contained iu algae in the form of membrane
components, storage products, and metabolites. Certain algal strains, particularly
microalgac such as diatoms and cvanobacteria, contain proportionally high levels of lipids.
Algal sources for the algae oils can contain varying amounts, e.g., from 2 wi% to 40 wi%
of fipids, based on total weight of the bioroass itself.

{6038} Algal sources for algae oils include, but are not limited to, vnicelular and
multicetiular algae. Examples of such algae include a rhodophyte, chilorophyte,
heterokontophyte, tnbophyte, glaucophyte, chlorarachniophyie, englenoid, haptophyte,
cryptoroonad, dinoflagelium, phytoplaskton, and the like, and corshinations thercofl In

one embodiment, algae can be of the classes Chlorophyceae and/or Haptophyta, Specific

species can include, but are not limited to, Neockioris oleoabundans, Scenedesmus
dimorphys, Euglena gracilis, Phaeodactvium wwicornutum, Pleurochrysis carterae,
Prvmuesium parvem, Tetraselmis chui, and Chiamydomonas reinhardtii.

18039 The Hpid material portion of the feedstock, when present, can be comprised of
trighycerides, fatty acid alkyt esters, or preferably combinations thereof. Tn one
embaodiment where lipid material is present, the foedstock can include at Jeast 0.05 wt %
lipid material, based on total weight of the feedstock provided for processing into fuel,
preferably at feast 0.5 wi%, for example at least 1 wi%, at least 2 wi%o, or at least 4 wi%,
Additionally or alternately where hipid matenal is present, the feedstock can include vot
maore than 40 wit% lipid material, based on total weight of the feedstock, preferably not
maore than 30 wi%, for example not more than 20 wit% or not more than 10 wi%.

§00644] In embodiments where lipid material Is present, the feedstock can include not

greater than 99.9 wit% mineral oil, for example not greater than 99.8 wi%, pot greater than

99.7 wi%., not greater than 99.5 wi¥%%, not greater than 99 wi%, not greater than 98 wi%s,
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not greater than 97 wi%, not greater than 95 wi%, not greater than 90 wi%, not greater
than 85 wi % mineral oi, or not greater than 80 wi%, based on total weight of the
fecdstock, Additionally or alternately in embodiments where lipid material is present, the
feedstock can include at least SO wi% mineral oil, for example at least 60 wi%, at least

70 wilo, at least 75 wi¥o, or at least 80 wi% mineral oi, based on total weight of the
feedstock.

{0041 ] in some embodiments where lipid material is present, the lipid material can
comprise a fatty acid alkyl ester, such as, but not limited to, fatty acid methy! esters
(FAME), fatty acid ethyl esters (FAEE), and/or fatty acid propyl esters,

{80421 Additionally or alternately, the present invention can include one or more of
the following embodiments,

{80431 Embodiment 1. A method for making a fow sulfur marine and/or bunker fucl
composition with a reduced concentration of compenents that have been cracked, the
method comprising: contacting a gasoil feed stream having at least 2000 wppm, for
example at least 7300 wppm, sulfur content with a hydrogen-containing gas in the
presence of a hydrotreating catalyst under effective hydrotreating conditions in a catalytic
feed bydrotreater, such that the product exhibits at reost 5000 wppm, for exarple at most
1000 wppm, sulfur content, a pour point of at least 7°C, and a kinematic viscosity of at
feast 12 ¢St at about 50°C, without the product being subject to eracking; optionally
blending ar least a portion of the uncracked product with 0-70 vol% of other components,
selected from viscosity modifiers, pour point depressants, tubricity modifiers, antioxidants,
and combinations thereof, to form a marine and/or bunker fuel compaosition, the resulting
marine and/or bunker fuel composition contaimng the uncracked product having: at most
5000 wppm, for example at most 1000 wppm, sulfur content; at most 25 vol%, based on
all components of the marine and/or bunker fuel composition, of residual components
selecied from crude fractionation vacuarn resid, cruds fractionstion atmospheric resid,
vishreaker resid, deasphalted vacown resid, slurry oil, and combinations thereof) less than
50 vol%, based on all components of the marine and/or bunker fuel composition, of
residual components, components subject to a refinery cracking step, or both; and at least
one of a kinematic viscosity at about 50°C from 12 ¢St to 50 ¢5¢, a density at about 15°C
from 0.90 g/em’ 10 0.94 g/em’, 2 pour point from 7°C o 45°C, and a caiculated carbon

aromaticity index of 850 or less,
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{6044 Embodiment 2. A low sulfur marine and/or bunker fucl composition
comprising: 30 vol% to 100 vol% of an uncracked, hydrotreated gasoil product having at
most 1000 wppm sulfur contont, a pour point of at least 57°C, and & kinematic viscosity of
at least 15 ©5t at about 50°C; and up 1o 70 volos of other components, selected from
viscosity modifiers, pour point depressants, lubricity modifiers, antioxidants, and
combinations thereof, wherein the low sulfur marine and/or bunker fuel composition has:
at most 1000 wppm sulfur content; at most 25 vol%, based on all components of the
marine and/or bunker fucl composition, of residual components selected from crude
fractionation vacuum resid, crude fractionation atmospheric resid, visbreaker resid,
deasphalted vacuum resid, shurry oil, and combinations thereof; less than 30 vol9s, basex
on all components of the marine and/or bunker fuel composition, of residual components,
components subject to a refinery cracking step. or both; and at least ong of a kinematic
viscosity at about 50°C from 12 ¢St 1o 50 ¢St, a donsity at about 15°C from 0.90 gen 10
0.94 glem’, a pour point from 7°C 0 45°C, and a caleulated carbon aromaticity index of
850 or less.

{6045] Embodiment 3. The method of embodiment {, wherein the gasoil feed stream
is a vacuum gasoil having a sulfur content of at least T wt%s.

180461 Embodiment 4. The method or composition of any of the previous
embodimments, wherein the uncracked, hydrotreated gasoil product exhibits a sulfur content
of at most 600 wppra, a pour potnt of at most 30°C, and/or a kinematic viscosity of at most
50 ¢St at about 50°C.

{8047} Embodiment 5. The method or composition of any of the previous
embodiments, wherein the marine and/or bunker fuel composition has a sulfur content
between 900 wppm and 1000 wppm,

{8048] Embodiment 6. The method or composition of any of the previous
embodiments, wherein the marine and/or bunker fuel composition comprises at most 30
vol%, based on all components of the marine and/or bunker fuel composition, of
components subject to a refinery cracking step, and/or at most 10 vol% of residual
components, based on all components of the marine and/or banker fucl composition.
8849 Embodiment 7. The method or composition of any of the previous
embodiments, wherein the blending results i the marine and/or bunker fuel composition

comprising from 40 vol% to 100 vol% of the uncracked, hydrotreated gasoil product.
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{8058 Embodiment & The method or composition of any of the previous
embodiments, wherein the blending results in the marine and/or bunker fuel composition
comprising from 20 vol% 1o 100 vol% of the uncracked, hydrotreared gasoil product.
{6051 Embodiment 9. The method or composition of any of the previous
embodiments, wherein the blending results in the marine and/or banker fuel composition
comprising from &5 vol® to 99.99 vol% of the uncracked, hvdrotreated gasoil product.
{8052] Embndiment 10, The method or composition of any of the previcus
cmbodiments, wherein the resulting marine and/or bunker fucl composition comprises up
to 15 vol% of shurry oil, fractionated crude oil, or a combination thereof

180531 Embodiment 11, The method or composition of any of the previous
embodiments, wherein the marine and/or bunker fuel composition exhibits one or more of
the following: a flash point of at least 60°C; a hydrogen suifide content of at most 2.0
mg/kg; an acid nurnber ot at most 0.5 mg KOH per gram; a sediment content of at moss

0.1 wt%%; a water content of at most §.3 vol%; and an ash content of at most 0.01 wi%,

EXAMPLES

Example 1

SHERES! In prophetic Example 1, a vacuum gasoil, having been fractionated from a
crude oil and exhibiting the properties disclosed jo Table 1 below, is provided to a {cat
foed) hvdrotreating unit that is toaded with a commercially available alumivea-supported
Group VIB/Group VIH (e.g, NiMo) hydrotreating catalyst. In the hydrotreating unit, the
vacuum gasoil was both hydrotreated to remove most {e.g, at teast 809 by weight, for
example at least 90% by weight or at feast 95% by weight) of the sulfir content (e.g.,
hdrotreating conditions included a WABT between about 315°C and about 4535°C, for
example between about 375°C and about 420°C, 2 total pressure from about 3.4 MPag (o
about 20.7 MPag, for example of about 5.0 MPag, a hydrogen partial pressure from about
2.1 MPag to about 20.7 MPag, a hydrogen treat gas rate from about 500 scfibbl to about
5000 scf/bbi, for example of about 2000 scf/bbl, and an LHSV from about §.2 hr'! to about
10 b, for example of about 0.5 hr™'). The product from the hydrotreating unit is an
uncracked, hydrotreated vacuum gasot] product {details in Table 2 below), prior to being
fed to an FCC unit. At least a portion of ¢his uncracked, hydrotreated vacuum gasoil

product can be diverted from the FCC unit into 8 marine and/or bunker fucl compusition,
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optionally including one or more other additives. At least 30% by volume, and up ©

130% by volume, of the marine and/or bunker fuel composition can be comprised of this

uncracked, hvd

rotreated vacuum gasol] product.

Table 1.

Typical {(actual) wndreated/virgin VGO feed

Sulfur, wt%

0.8-25(~1.8)

Nitregen, wppin

~800 -~ 1900 {~1280)

Density at ~13°C, glom’

~00,90 - (3,95 (~ 324}

Conradsen carbon residue, wi%

~325 - .90 (~6.5}

fnitial Beiling Peint 3BP), °C
TE Boiling Point, °C ~290 - 330 (~-31 1)
150 Boiling Peint, °C ~425 - 465 (~443)
TOX Boiling Peint, °C ~545 - 385 {(~360)
Vinal Boiling Peint (FBP), °C 5350 — 635 (608}
Nickel confent, mg/kg =01 - 2(-0.6)

Vanadium content, mg/kg ~0.2 -4 (-2

~225 =265 (-247)

Table 2,

Uncracked, hydratreated VGO Product
Sulfur, wppm 580
Kisematic Viscesity @g~38°C, ¢8¢ 35
Kinematic Viscosity @g~180°C, ¢St 7.1
Pour Point, °C 33°C
Dheasity at ~15°C, ;g./cm3 0,902
Water condent, Ya{v/v) .05
Ash content atf ~556°C, % (w/m) <(.010
Micrecarhon residue, %(m/m} <{},10)
Total sediment, Ye{m/m) (.01
Flash Point, % >
CCAl 797
Lubricity, pm 191
Acid number, rag RO/ <43,
Silicon condent, me/ke <]
Aluminum content, mg/kg <1
Si+ Al countent, mg/kg <2

Example 2
{8055] tn prophetic Example 2, an uncracked, hydrotreated vacuum gasoil product,
similar to that described in Examaple |, can be combined with a (cracked) shurry oil to form
a marine and/or bunker fuel composition. In this ombodiment, the relative composition of
the fuel composition can be about 88 vol% of the uncracked, hvdrotreated vacuum gasoil
prodact and about 12 vol% of the shary oif. The individual characteristics of each
componeni, as well as of the resulting marine and/or bunker fuct composition, are shown

below in Table 3.
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Table 3.
s s ot iR VGO . v ~88/12 viv
Characteristic Product Sturry O Mixture
Density@~13°C, g/ee 0,902 103 3917
Sulfar, wppm 580 ~3500 ~93%
Kinematic Viscosity @-~38°C, o5t 35 o0 37
Pour Point, °C 33 i5 ~31
N+ Al content, mg/kg ~{} ~500 ~60
Example 3
{8056] In prophetic Example 3, an uncracked, hydrotreated vacuam gasoil product,

similar to that deseribed in Example 1, can be combined with a side draw off of a crude oil
fractionator, e.2., an uncracked composition having roughly a kerosene, jet, and/or diesel
boiling vange (such as having a T1 from about 360°F to about 420°F or of about 390°F
and a T99 from about 770°F 1o about SRO°F or of about 8035°F, and/or having a T10 from
about S20°F o about 640°F or of about 380°F and a T90 from about 690°F to about R30°F
or of about 760°F, e certain cases also un-hydrotreated), to form a marine and/or bunker
fuel composition. In this embodiment, the relative composition of the fuel composition
can be about 93 vol% of the uncracked, hydrotreated vacuum gasoil product and about 7
vol% of the erude oil fraction. The resulting fuel composition can have at least a 5°C
tower, and preferably at feast a {0°C lower, pour point than the 100% uncracked,
hydrotreated vacuum gasoil product alone {e.g., from Example 1). The resulting fuel
composition may optionally also have at feast a 3 ¢St lower {e.g., at least a § ¢St lower)
kinematic viscosity {as measured at about 50°C) and/or at least a 0.005 glem’ lower (..,

at jeast a 0.008 g/em” lower) density (as measured at about 15°C).

Fxample 4

80571 in prophetic Example 4, an uncracked, hydrotreated vacuum gasotl product,
similar to that described in Example 1, can be combined with the bottoms from an FCC
unit to form 8 marine and/or bunker fuel coroposition. In this embodiment, the relative
composition of the fuel composition can be about 90 vol% of the uncracked, hydrotreated
vacuum gasoil product and about 10 vol®% of the (cracked} FCC bottoms. The resulting

.

fuel composition can have at least a 3°C lower, and praferably at least a 5°C lower (e.g., at



WO 2012/135247 PCT/US2012/030788

o
b
P

least & 10°C lower), pour point than the 100% uncracked, hydrotreated vacoum gasoil

product alone (e.g., from Example 1),

Example S
HEHS In Example 5, three samples of uncracked, hydrotreated vacuam gasoil product

(identified as A, B, and C), each relatively simifar 1o that described in Example 1 and each
having a pour point of about 39°C, were combined with a pour point depressant (PFPD) to
form a marine and/or bunker fuel composition. In this embodiment, the relative
composition of the fuel composition was ~99+ vol% of the uncracked, hydrotreatec
vacuum gasoil product and frora about 230 wppim to about 3000 wppra of Infincum R185
PPD.

HHES Considering uncracked, hydrotreated vacuum gasoil product A, three different
contents of the PPD were added as follows, based on the total weight of the marine/bunker
fuel - about 2506 wppm (identified as A1), about 1000 wppm (identified as A2}, and sbout
5000 wppm (identified as A3), which resulted in pour points for the resuiting
marine/bunker fuels of about 18°C {A D), about 12°C (A2), and about 9°C (A3},
Considering uncracked, hydrotreated vacuum gasoil product B, about 1000 wppm of the
PPD was added, based on the total weight of the marine/bunker fuel, which resubied ina
pour point for the resulting marine/bunker fuel of about 12°C. Considering uncracked,
hydrotreated vacuum gasot! product C, abour 1000 wppm of the PPD was added, based on
the total weight of the marine/bunker fuel, which resulted in a pour point for the resulting

marine/bunker fuel of about 9°C

Example 6
[8068] In Example 6, several samples of uncracked, hydrotreated vacuum gasoil

prodact (abbreviated “product” in this Exarmple), similar to that described in Example 1,
were combined with a heavy cycle ol {FCC distillate) to form a marine and/or bunker fuel
composition. In this embodiment, the relative composition of the resultant fuel ranged
from 100 vol% to about 70 vol¥% of the product and from 0 vol% to about 30 vol% of the

heavy cycle ol (HCO). The individual characteristios of the pure product and the pure

HCO, as well as mixtures thereof (Samples 6A-D representing marine and/or bunker fuel

compositions according to the invention), are shown below in Table 4,
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Table 4.

‘ . Kinelic Viscosity ] [ Density @135°C
ample wi% product | wi% HC oy " wir Point (°C A
Saniple | wi% product | wi% HCO @30°C (c80) Pour Point (°C) (2fem)
6A 100 3 ~28 ~36 ~(. 900G
Hg3 ~430 ~10 ~20 ~ 36 (3.905
o ~80 ~290 ~15 ~ 33 ~(3.910G
3N -7 ~30 ~12 ~ 30 -~3.315
Pure HCO 0 100G ~3 -9 ~0.930

(6061

The principles and modes of operation of this invention have been described

above with reference to various exemplary/preferred embodireents, As understood by

those of skill in the art, the overall invention, defined by the claims, can encompass other

preferred embodiments not specifically enumerated herein,
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CLAIMS:

1. A method for making a low sulfur marine bunker fuel composition with a reduced
concentration of components that have been cracked, the method comprising:
producing an uncracked gasoil product by contacting a gasoil feed stream having at
least 2000 wppm sulfur content 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 5000 wppm sulfur content, a TS5 boiling
point of at least 280°C, a TS50 boiling point of at least 400°C, a T95 boiling point of at least
510°C, a pour point of at least 7°C, and a kinematic viscosity of at least 12 ¢St at about 50°C,
without the product being subject to cracking;
optionally blending at least a portion of the uncracked gasoil product with 0-70 vol%
of other components, selected from viscosity modifiers, pour point depressants, lubricity
modifiers, antioxidants, and combinations thereof, to form a marine bunker fuel composition
containing the uncracked gasoil product and having:
at most 5000 wppm sulfur content;
at most 25 vol%, based on all components of the marine bunker fuel composition,
of residual components selected from crude fractionation vacuum resid, deasphalted
vacuum resid, slurry oil, and combinations thereof;
less than 50 vol%, based on all components of the marine bunker fuel
composition, of residual components, components subject to a refinery cracking step,
or both; and
at least one of a kinematic viscosity at about 50°C from 12 ¢St to 50 cSt, a density
at about 15°C from 0.90 g/cm’ to 0.94 g/em’, a pour point from 7°C to 45°C, and a

calculated carbon aromaticity index of 850 or less.

2. The method of claim 1, wherein the gasoil feed stream is a vacuum gasoil having a

sulfur content of at least 1 wt%.

3. The method of claim 1, wherein the uncracked gasoil product exhibits a sulfur content

of at most 600 wppm.
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4. The method of claim 1, wherein the uncracked gasoil product exhibits a pour point of
at most 30°C.
5. The method of claim 1, wherein the uncracked gasoil product exhibits a kinematic

viscosity of at most 50 ¢St at about 50°C.

6. The method of claim 1, wherein the gasoil feed stream is a vacuum gasoil having a
sulfur content of at least 7500 wppm, and wherein the resulting marine bunker fuel

composition has a sulfur content between 900 wppm and 1000 wppm.

7. The method of claim 1, wherein the resulting marine bunker fuel composition
comprises at most 30 vol%, based on all components of the marine bunker fuel composition,

of components subject to a refinery cracking step.

8. The method of claim 1, wherein the resulting marine bunker fuel composition
comprises at most 10 vol% of residual components, based on all components of the marine

bunker fuel composition.

9. The method of claim 1, wherein the blending is accomplished such that the resulting
marine bunker fuel composition comprises from 40 vol% to 100 vol% of the uncracked

product.

10.  The method of claim 1, wherein the blending is accomplished such that the resulting
marine bunker fuel composition comprises from 80 vol% to 100 vol% of the uncracked

product.

11. The method of claim 1, wherein the blending is accomplished such that the resulting
marine bunker fuel composition comprises from 85 vol% to 99.99 vol% of the uncracked

product.

12.  The method of claim 1, wherein the resulting marine bunker fuel composition

comprises up to 15 vol% of slurry oil, fractionated crude oil, or a combination thereof.



