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ABSTRACT
Diesel fuel compositions are provided that have unexpectedly beneficial cold flow
properties. Methods for forming such diesel fuel compositions are also provided. The
improved cold flow properties are achieved in part based on dewaxing of a distillate fraction
of the composition. The improved cold flow properties are achieved further in part based on
inclusion of a cold flow additive and fatty acid alkyl ester in the composition, such as fatty

acid methyl ester.
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DEWAXED DIESEL FUEL COMPOSITION

[0001]

FIELD

[0002]  The invention relates to diesel fuel compositions that include a dewaxed distillate

fraction, fatty acid alkyl ester, and a cold flow additive.

BACKGROUND

[0003] In cold climates, the ability to produce diesel fuels in a cost-effective manner while
still satisfying cold flow requirecments 1s a significant factor in the profitability of fuel
suppliers. Shifting more kerosene molecules into diesel fuel can result in lower profitability,
as this can reduce the amount of kerosene available for higher margin products such as jet
fuel.

[0004] An alternative to using lighter distillate streams and/or blending more kerosene
into diesel fuel to satisty cold flow requirements can be to include a catalytic dewaxing stage
as part of hydroprocessing. In a dewaxing process, wax-forming normal paraffins in a
distillate fraction can be selectively removed by isomerization or cracking to improve the cold
flow properties of the final diesel fuel, such as pour point, cloud point, cold filter plugging
point (CFPP), or low temperature flow test (LTFT). Such improvements in cold flow
properties can, for example, allow a refiner to improve its profitability by moving heavier
distillate streams into the diesel fuel pool and lighter distillate streams into the jet fuel pool.
While such benefits can be substantial, performing a dewaxing process uses additional
refinery resources, such as energy and hydrogen, and can have other drawbacks, such as
destruction of molecules that enhance cetane number.

[0005] Still another option for improving the cold flow properties of a diesel fuel can be
to include a cold flow additive in the diesel fuel. Depending on the functionality of the

additive, it may be known as a cloud point depressant (CPD), pour point depressant (PPD),
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middle distillate flow improver (MDFI), wax antisettling additive (WASA), or wax
antisettling flow improver (WAFI). Diesel fuels are commonly treated with MDFI or WAFI,
the latter combining an MDFI with a WASA. MDFIs typically incorporate polymers acting
as nucleators and polymers acting as wax growth arrestors. Both types of polymers are
commonly copolymers of ethylene and vinyl esters, especially copolymers of ethylene and
vinyl acetate. The difference in functionality between the nucleators and wax growth arrestors
1s achieved, for example, by varying the average molecular weight of the copolymers and ratio
of ethylene to vinyl ester. While MDFI and WAFI are often effective at reducing the pour
point or CFPP of diesel fuel, more modest benefits are typically achieved for cloud point and
LTET. It 1s cloud point and LTFT, however, that best assure low temperature operability in
heavy duty trucks, and at least one standards body (Canadian General Standards Board) does
not permit CFPP.

[0006] In addition to distillate fractions from mineral sources (e.g., crude oil, oil sands,
shale o1l), diesel fuel may contain fatty acid alkyl ester (FAAE) and/or synthetic hydrocarbon
from processes such as gas-to-liquid (GTL), biomass-to-liquid (BTL), or hydrogenation of
glycerides and fatty acids (e.g., hydrogentation derived renewable diesel - HDRD). Compared
to FAAE, synthetic hydrocarbons are more readily incorporated into diesel fuel without
degrading fuel properties due to their chemical similarity to distillate fractions from mineral
sources. Unfortunately, synthetic hydrocarbons also tend to be more expensive than FAAE,
especially compared to fatty acid methyl ester (FAME), which can make BTL and HDRD less
desirable for meeting regulatory requirements for renewable content in diesel fuel. Issues with
the cold flow properties of FAME, however, are. well known. For instance, even at low blend
levels (e.g., less than or equal to 5% by volume), FAME is known to raise the cloud point of
diesel fuel and contribute impurities (e.g., saturated monoglycerides, sterol glucosides) that
can separate above the cloud point of FAME-containing blends. FAME is also known to make
cold flow additives less effective for treating diesel fuel. As a result, the incorporation of

FAME into diesel fuel in cold climates is frequently offset with higher blend levels of kerosene

or avolded altogether.
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[0007] What 1s needed are further improvements in the ability to make diesel fuel
compositions with adequate cold flow properties that reduce or minimize the need to
supplement the diesel fuel compositions with kerosene boiling range material.

[0008] U.S. Patent 8,292,976 describes a diesel tuel additive and a method for reducing
emissions from an engine combusting a middle distillate fuel. The fuel additive contains a
combination of a cetane improver and a mineral oil co-additive. The mineral oil co-additive
can correspond to a lubricating oil base stock or a Fischer-Tropsch oil with a similar boiling
range. Optionally, a portion of a fatty acid methyl ester can be incorporated into the diesel
fuel.

[0009] U.S. Patent Application Publication 2006/0236598 describes biodiesel fuel
compositions that include biodiesel, mineral diesel, and an additive. The additive can
correspond to an additive suitable for reducing clogging of filters at low temperatures, such
as a glycol ether additive. The blend is described as being useful for reducing precipitates that
form when biodiesel with substantial water content is exposed to colder temperatures.

[0010] U.S. Patent Application Publication 2015/0344801 describes cold flow improvers
for use with mineral diesel fuels, biodiesel fuels, and blends thereof. The cold flow improvers
correspond to polymer compositions that include a polyalkyl(meth)acrylate polymer, a graft
copolymer corresponding to a copolymer based on ethylene as graft base and one or more
polyalkyl(meth)acrylate polymers grafied thereon, and at least one non-grafted ethylene-based
copolymer. The cold flow improvers are described as being beneficial for improving cold

flow properties of mineral diesel, biodiesel, and blends thereof.

[0011] U.S. Patent 8,674,160 describes dewaxing of renewable diesel fuel, such as
dewaxing of feeds containing a hydrotreated biocomponent portion. Such feeds can
optionally further include a mineral portion.

[0012] European Patent Application Publication EP 2078744 describes adding a
Fischer-Tropsch derived gas oil component to a composition including a middle distillate base
fuel and a cold flow additive. The addition of the Fischer-Tropsch derived gas oil component

1s described as being useful for reducing the cold filter plugging point of the composition.
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SUMMARY

[0013] In various aspects, a method for increasing the response of diesel fuel to cold flow
additive 1s provided. The method includes incorporating 0.5 vol% to 10 vol% of fatty acid
alkyl ester into a diesel base comprising a dewaxed distillate fraction to form a diesel fuel
composition. The diesel fuel composition can further include 100 ppmv to 4000 ppmv ot a
cold flow additive. The resulting diesel fuel composition can have a minimum low
temperature flow test (L'TFT) pass temperature of -10°C or less.

[0014] In various additional aspects, a diesel fuel composition i1s provided. The diesel
fuel compositions can include a dewaxed distillate fraction, such as a dewaxed distillate
fraction having a TS5 distillation point of 138°C or more. The diesel fuel composition can
further include 0.5 vol% to 10 vol% of fatty acid alkyl ester. The diesel fuel composition can
further include 100 ppmv to 4000 ppmv of a cold flow additive, such as 100 ppmv to 3000
ppmv or 300 ppmv to 1500 ppmv. The diesel fuel composition can have a minimum LTFT
pass temperature of -10°C or less.

[0015] The amount of fatty acid alkyl ester in the diesel tuel composition can correspond
to 1.0 vol% to 7.0 vol% of the diesel fuel composition. Examples of suitable fatty acid alkyl
esters can include, but are not limited to, fatty acid methyl esters. Examples of fatty acid
methyl esters correspond to canola methyl ester, soy methyl ester, corn oil methyl ester,
rapeseed methyl ester, sunflower o1l methyl ester, or mixtures thereof. In some aspects, the
fatty acid alkyl ester can have a CSFBT of 1.8 or less and/or a cloud point of 3°C or less.
[0016] In some aspects, the cold tlow additive can correspond to copolymers of ethylene
and vinyl esters, the vinyl esters optionally comprising vinyl acetate, vinyl 2-ethylhexanoate,
or a combination thereof.

[0017] In some aspects, the dewaxed distillate fraction can correspond to a distillate
fraction that 1s catalytically dewaxed through isomerization, cracking, or a combination
thereof. Examples of 1somerization dewaxing catalysts can include ZSM-48 and/or ZSM-23.
Examples of cracking dewaxing catalysts can include ZSM-5 and/or USY. Additionally or
alternately, the cloud point of the dewaxed distillate fraction can be -10°C to -40°C.

[0018] The drop in minimum LTET pass temperature associated with the use of cold flow

additive for the diesel fuel composition can be 5°C or more, or 9°C or more. By contrast, the

-4 -
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change 1n cold filter plugging point associated with the use of cold flow additive for the diesel

fuel composition can be a drop of 4°C or less and/or an increase of 1°C or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows minimum LTFT pass temperatures for a variety of diesel fuels that
include a dewaxed distillate fraction that is dewaxed by a catalyst that dewaxes primarily by
1Isomerization. The diesel fuels differ in FAME content and/or cold flow additive.

10020} FIG. 2 shows minimum LTFT pass temperatures for a variety of diesel fuels that
include a dewaxed distillate fraction that 1s dewaxed by a catalyst that dewaxes primarily by
cracking. The diesel fuels differ in FAME content and/or cold flow additive.

[0021] FIG. 3 shows mintmum LTFT pass temperatures for a variety of diesel fuels that do
not include a dewaxed distillate fraction. The diesel fuels differ in FAME content and/or cold

flow additive.

DETAILED DESCRIPTION

[(0022] All numerical values within the detailed description and the claims herein are
modified by “about” or “approximately” the indicated value, and take into account
experimental error and variations that would be expected by a person having ordinary skill in
the art. The term “distillate fraction™ is used to mean a diesel fuel blend component, excluding
FAAE and additives. The term “dewaxed distillate fraction” 1s used to mean a distillate

fraction that has been treated 1n a catalytic dewaxing process. The term “dewaxed diesel fuel”

1s used to mean a diesel fuel comprising a dewaxed distillate fraction.

Overview

[0023] In various aspects, diesel fuel compositions are provided that have unexpectedly
beneficial cold flow properties. The improved cold flow properties are achieved in part based
on dewaxing of a distillate fraction of the composition. The improved cold flow properties are
achieved further in part based on inclusion of a cold flow additive and fatty acid alkyl ester
(FAAEL) 1n the composition.

[0024] Conventional methods for improving one or more cold flow properties of a diesel

fuel include incorporating lighter distillate fractions into the fuel, dewaxing a portion of the

-5
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fuel, and treating the fuel with cold flow additive. Due to competing uses for lighter distillate
fractions, 1t 1s frequently desirable to utilize heavier distillate fractions for diesel fuel and
compensate for the poorer cold flow properties by dewaxing the heavier fractions or by
treating the diesel fuel with cold flow additive. There are, however, limitations on the amount
of improvement that can be achieved via dewaxing without significantly impacting other
factors, such as yield, operating costs and other measures of product quality (e.g., cetane).
Cold flow additives are also conventionally limited in their ability to improve key cold flow
properties, such as cloud point and LTFT, and typically show diminished performance in the
presence of FAAE.

[0025] It has been unexpectedly discovered that the benefit of adding a cold flow additive
to a dewaxed diesel fuel can be increased by also adding FAAE to the fuel. FAAE typically
have relatively poor cold flow properties in comparison to dewaxed diesel fuel. For example,
FAME can typically have a cloud point of -5°C or higher, while a dewaxed diesel fuel might
be required to meet a cloud point specification of -10°C or less, -20°C or less, or -30°C or
less. As a result, addition of FAAE to dewaxed diesel fuel would not be expected to be
beneticial to cold flow. However, i1t has been discovered that addition of FAAE to dewaxed
diesel fuel can enhance the improvement in cold flow properties that is achieved by addition
of cold flow additive. Significantly, this enhancement can be demonstrated in the rigorous
LTFT method.

0026] In some aspects, a dewaxed distillate fraction can correspond to a heavy portion of
a dewaxed diesel fuel. In such aspects, the dewaxed distillate fraction can correspond to a
260°C+ fraction, or a 280°C+ fraction, or a 300°C+ fraction. In other aspects, the dewaxed
distillate fraction can correspond to a broader boiling range distillate fraction, such as by
performing dewaxing on substantially all of a distillate boiling range feed. Optionally, a
dewaxed diesel fuel can include a dewaxed distillate fraction and one or more additional

(optionally dewaxed) distillate fractions.

Components

[0027] In some aspects, a dewaxed distillate fraction can have an initial boiling point of
at least 230°F (110°C), or at least 250°F (121°C), or at least 300°F (149°C), or at least 350°F

(177°C), or at least 400°F (204°C), or at least 450°F (232°C), such as up to 550°F (288°C) or
-6 -
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possibly still higher. The initial boiling point can vary widely, depending on how much
kerosene or other lighter distillates are included. In another embodiment, a dewaxed distillate
fraction can have a final boiling point of 800°F (427°C) or less, or 700°F (371°C) or less, or
650°F (343°C) or less. Another way of charaéterizing a distillate fraction 1s based on the
temperature required to boil and recover a specified percentage by volume. For example, the
temperature required to boil and recover 5 vol% 1s referred to as the “T5.” A dewaxed
distillate fraction can have a TS5 of at least 280°F (138°C), or at least 300°F (149°C), or at
least 350°F (177°C), or at least 400°F (204°C), or at least 450°F (232°C), such as up to 550°F
(288°C) or possibly still higher. Optionally but preferably, a dewaxed distillate fraction can
also include a reduced or minimized amount of lighter distillate components, so that the T5 1s
200°C or more, or 230°C or more, or 260°C or more, such as up to 300°C or possibly still
higher. In other aspects, the dewaxed distillate fraction can have a T95 of 800°F (427°C) or
less, or 750°F (399°C) or less, or 700°F (371°C) or less, or 650°F (343°C) or less, or 600°F
(316°C) or less. Examples of suitable TS5 to T95 boiling ranges can include a TS5 of 200°C or
more and a T95 of 427°C or less; or a TS5 of 200°C or more and a T95 of 370°C or less; or a
TS5 01 220°C or more and a T95 of 350°C or less. Distillation properties for a distillate fraction
can be determined by ASTM D86. When forming a diesel fuel composition, the portion of the
diesel tuel composition that includes a dewaxed distillate fraction, prior to introduction of
FAAE, can be referred to as a diesel base.

[0028] In some aspects, the feed for a dewaxed distillate fraction can comprise a mineral
oil. By “mineral oil” is meant an oil originating from a fossil/mineral fuel source, such as
crude o1l, o1l sands or shale o1l, and not the commercial organic product, such as sold under
the CAS number 8020-83-5, e.g., by Aldrich. Examples of mineral oils can include, but are
not limited to, straight run (atmospheric) gas oils, demetallized oils, coker distillates, cat
cracker distillates, hydrocracker distillates, heavy naphthas, diesel fuel boiling range
distillates, heating oil boiling range distillates, jet fuel boiling range distillates, and kerosene
boiling range distillates. The mineral oil portion of the feed can comprise any one of these

example streams or any combination thereof. Preferably, the feed does not contain any

appreciable asphaltenes.
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[0029] In various aspects, feeds for a dewaxed distillate fraction can have a nitrogen
content from <1.0 wppm to 6000 wppm nitrogen, such as <1.0 wppm to 10 wppm, 100 wppm
to 500 wppm, or 1000 wppm to 3000 wppm. In various aspects, feeds for a dewaxed distillate
fraction can have a sulfur content from <1.0 wppm to 40,000 wppm, such as <1.0 wppm to
20 wppm, 500 wppm to 5,000 wppm, or 5,000 wppm to 25,000 wppm. Depending on the
aspect, a feed can be hydrotreated prior to dewaxing to reduce the amount of sulfur and/or
nitrogen content that a dewaxing catalyst is exposed to. In such aspects, performing a
separation between the hydrotreating and dewaxing stages may be desirable. Either with or
without such hydrotreating, in some aspects the sulfur content of a dewaxed distillate fraction
can be 2000 wppm or less, or 200 wppm or less. In such aspects, the nitrogen content of the
dewaxed distillate fraction can be 500 wppm or less, or 50 wppm or less. In some aspects
where the distillate fraction corresponds to a hydrotreated dewaxed distillate fraction, the
hydrotreated dewaxed distillate fraction can contain very low amounts of sulfur and nitrogen,
such as a nitrogen content of 50 wppm or less, or 10 wppm or less, and a sulfur content ot 50
wppm or less, or 15 wppm or less.

[0030] Prior to dewaxing, an optionally hydrotreated distillate feed can have a cloud point
of -30°C or more, or -20°C or more, or -10°C or more, or 0°C or more, such as up to 10°C or
possibly higher. After dewaxing, a dewaxed distillate fraction can have a cloud point of 0°C
or less, or -10°C or less, or -20°C or less, or -30°C or less, or -40°C or less, such as down

to -50°C or possibly lower. For example the cloud point of the dewaxed distillate fraction can

be -10°C to -40°C, or -20°C to -40°C. Cloud point can be determined according to ASTM
D2500 or ASTM D5773.

[0031] In addition to a dewaxed distillate fraction, a dewaxed diesel fuel can include

FAAE, such as FAME. The FAAE can conform to an industry standard, such as ASTM
D6751, CAN/CGSB-3.524, or EN 14214. The FAAE can be made from a variety of natural
oils or fats (e.g., canola, corn, palm, rapeseed, soybean, sunflower, tallow), recycled oils or
fats (e.g., yellow grease, brown grease), or mixtures thercof. The alcohol used to make the
FAAE can be methanol, ethanol, or other higher alcohols. Optionally but preferably, the
FAAE can have a cloud point of 3°C or less and/or a cold soak filter blocking tendency

(CSFBT) of 1.8 or less. The CSFBT can be measured according to CAN/CGSB-3.0 No. 142.0.
-8 -
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The amount of FAAE blended into the dewaxed diesel fuel can be 0.5 vol% to 10 vol%, or
1.0 vol% to 7.0 vol%, or 1.0 vol% to 5.5 vol%, or 1.5 vol% to 7.0 vol%, or 1.5 vol% to 5.5
vol%.

[0032] A dewaxed diesel fuel can also contain a cold flow additive, such as a CPD, PPD,
MDFI, WASA or WAFI. The cold flow additive can contain copolymers of ethylene and
vinyl esters, such as copolymers of ethylene and vinyl acetate, copolymers of ethylene and
vinyl 2-ethylhexanoate, and/or copolymers of ethylene, vinyl acetate and vinyl
2-ethylhexanoate. Optionally but preferably, the cold flow additive can be at least one of the
following: PPD, MDFI, WAFI. The cold flow additive can be an additive for reducing pour
point, CFPP, minimum LTFT pass temperature, or combinations thereof. The concentration
of cold flow additive in a dewaxed diesel fuel can depend on the additive’s formulation, such
as the amount of solvent with active ingredient, and can be within the range specified by the
additive supplier. These ranges can vary from a minimum effective concentration to a
maximum concentration beyond which the additive becomes less beneficial to cold tlow or
can have undesirable effects. Examples of minimum concentrations include 10 ppmv or more,
or 25 ppm or more, or 50 ppm or more, or 100 ppm or more, or 500 ppm or more, or 1000
ppm or more. Examples of maximum concentrations include 500 ppm or less, or 1000 ppm or
less, or 3000 ppm or less, or 5000 ppm or less. Concentrations can be volume based (ppmv or
vppm) or weight based (ppmw or wppm). Examples of concentration ranges include from 20
ppmv to 1000 ppmv, from 50 ppmw to 500 ppmw, from 100 ppmv to 4000 ppmyv, from 100
ppmw to 4000 ppmw, from 300 ppmv to 1500 ppmv, from 500 ppmyv to 2000 ppmv, or from
1000 ppmv to 3000 ppmv.

[0033] A dewaxed diesel fuel can also contain one or more additional (optionally

dewaxed) distillate fractions. These distillate fractions can comprise mineral oils, such as
straight run (atmospheric) gas oils, demetallized oils, coker distillates, cat cracker distillates,
hydrocracker distillates, heavy naphthas, diesel fuel boiling range distillates, heating o1l
boiling range distillates, jet fuel boiling range distillates, kerosene boiling range distillates, or
combinations thereof. Mineral oils can be hydrotreated to improve their qualities as blend
components, such as by reducing sulfur content to meet a sulfur specification or removing

reactive functional groups to improve stability. Distillate fractions can also comprise synthetic

-9 .
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hydrocarbons, such as GTL hydrocarbons, BTL hydrocarbons, HDRD, or hydroprocessed
esters and fatty acids (HEFA). Compared to mineral oils, synthetic hydrocarbons can have
low sulfur content, low nitrogen content, low aromatics content, and high cetane number.
Incorporation of synthetic hydrocarbons into dewaxed diesel fuel can be beneficial to improve
these fuel properties and, in the case of renewable synthetic hydrocarbons (e.g., BTL
hydrocarbons, HDRD, HEFA), raise renewable content. Distillate fractions, including
synthetic hydrocarbons, can optionally be dewaxed to improve their cold flow properties.
Lighter distillate fractions, such as those with a T95 of 320°C or less, 300°C or less, 280°C or
less, or 260°C or less, can also be selected to enhance the cold flow properties of a dewaxed
diesel fuel.

Hydroprocessing — Dewaxing

[0034] Catalytic dewaxing relates to the removal and/or isomerization of long chain,

paraffinic molecules from feeds. Catalytic dewaxing can be accomplished by selective
hydrocracking or by hydroisomerizing these long chain molecules. Dewaxing catalysts can
correspond to catalysts having crystalline zeolitic framework structures, such as crystalline
aluminosilicates or silico-aluminophosphates (SAPOs). Some zeolitic structures can
correspond to molecular sieves. In an aspect, the zeolitic framework structure can be a
framework structure having 1-D or 3-D channels. In an aspect, the zeolitic framework
structure can correspond to a 10-member ring 1-D framework structure. Examples of suitable
zeolitic framework structures can include, but are not limited to, MRE (ZSM-48), MTT
(ZSM-23), FER (ZSM-35), BEA (zeolite Beta), FAU (USY), MFI (ZSM-5), and
combinations thereof. Some types of catalysts can perform dewaxing primarily by cracking,
while other types of catalysts can perform dewaxing primarily by isomerization. For example,
dewaxing catalysts with a zeolitic framework structure corresponding to MRE and/or MTT
can correspond to catalysts that perform dewaxing primarily by isomerization. Dewaxing
catalysts having a framework structure of MFI and/or FAU can correspond to catalysts that
perform dewaxing primarily by cracking.

[0035] Optionally, the dewaxing catalyst can include a binder for the zeolitic framework

structure, such as alumina, titania, silica, silica-alumina, zirconia, or a combination thereof.

- 10 -
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In an embodiment, the binder can be alumina, titania, or a combination thereof. In another
embodiment, the binder can be titania, silica, zirconia, or a combination thereof.

[0036] One feature of zeolitic framework structures that can impact activity is the ratio of
silica to alumina in the framework structure. In an aspect, the zeolitic framework structure
can have a silica to alumina ratio of 200 to 1 or less, or 120to 1 orless, or 100 to 1 or less,
or 90to 1 orless, or 75 to 1 or less. In an aspect, the zeolitic framework structure can have
a silica to alumina ratio of at least 30 to 1, or atleast 50to 1, or at least 65 to 1. For example,
the silica to aluminaratiocan be 30 : 1 t0200 : 1,0or65:1t0 100:1,0r50:1to 120:1, or
30:1t075:1.

[0037] The dewaxing catalyst can also include a metal hydrogenation component, such as
a Group VIII metal. Suitable Group VIII metals can include Pt, Pd, Ni, or a combination
thereof, such as Pt and Pd. The dewaxing catalyst can include at least 0.03 wt% of a Group
VIII metal, or at least 0.1 wt%, or at least 0.3 wt%, or at least 0.5 wt%, or at least 1.0 wt%, or
at least 2.5 wt%, or at least 5.0 wt%. Additionally or alternately, the dewaxing catalyst can
include 10.0 wt% or less of a Group VIII metal, or 5.0 wt% or less, or 2.5 wt% or less, or 1.5
wt% or less. For example, the dewaxing catalyst can include 0.03 wt% to 10.0 wt% of a
Group VIII metal, optionally a Group VIII noble metal, or 0.3 wt% to 5.0 wt%, or 0.1 wt% to
2.5 wt%.

[0038] In some aspects, the dewaxing catalyst can also include a Group VIB metal, such
as W or Mo. An example of such an embodiment could be a dewaxing catalyst that includes
Ni1and W, Mo, or a combination of W and Mo. In such an embodiment, the dewaxing catalyst
can include at least 0.5 wt% of a Group VIB metal, or at least 1.0 wt%, or at least 2.5 wt%, or
at least 5.0 wt%. Alternatively, the dewaxing catalyst can include 20.0 wt% or less of a Group
VIB metal, or 15.0 wt% or less, or 10.0 wt% or less, or 5.0 wt% or less, or 1.0 wt% or less.
In some aspects, the dewaxing catalyst can include N1 and W, Ni and Mo, or N1, W, and Mo.
[0039] Catalytic dewaxing can be performed by exposing a feed to a dewaxing catalyst
under effective (catalytic) dewaxing conditions. Effective dewaxing conditions can include a
temperature of at least S00°F (260°C), or at least 550°F (288°C), or at least 600°F (316°C),
or at least 650°F (343°C). Alternatively, the temperature can be 750°F (399°C) or less, or

700°F (371°C) or less, or 650°F (343°C) or less. For example, the temperature can be 260°C
- 11 -
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to 399°C, or 288°C to 371°C. The hydrogen partial pressure can be at least 200 psig (1.4
MPa), or at least 500 psig (3.4 MPa), or at least 750 psig (5.2 MPa), or at least 1000 psig (6.9

MPa) and/or 1500 psig (10.3 MPa) or less, or 1200 psig (8.3 MPa) or less, or 1000 psig (6.9
MPa) or less, or 800 psig (5.5 MPa) or less. For example, the pressure can be 1.4 MPa to 10.3
MPa, or 1.6 MPa to 3.3 MPa. The Liquid Hourly Space Velocity (LHSV) can be at least 0.3
hr!, or at least 1.0 hr'!, or at least 1.5 hr'! and/or 5.0 hr! or less, or 3.0 hr! or less, or 2.0 hr!
or less. For example, the LHSV can be 0.3 hr! to 5.0 hr!. The hydrogen treat gas rate can be
at least 500 scf/bbl (84 Nm>/m?), at least 750 scf/bbl (126 Nm?/m?), or at least 1000 scf/bbl
(169 Nm’/m°>) and/or 4000 scf/bbl (674 Nm*/m?) or less, 2000 scf/bbl (337 Nm>/m?) or less,
1500 scf/bbl (253 Nm>/m°) or less, or 1250 scf/bbl (211 Nm?/m?) or less. For example, the
treat gas rate can be 84 Nm’/m’ to 674 Nm*/m>.

Additional Hydroprocessing — Hydrotreating

[0040] In some aspects, additional hydroprocessing, such as hydrotreating, can be
performed before and/or after catalytic dewaxing. A hydrotreating process can remove
oxygen, sulfur, and nitrogen from a feed and saturate olefins. Hydrotreating can make a feed
better suited to a dewaxing process and/or improve the quality of a blend component for diesel
fuel.

[0041] A hydrotreating catalyst can contain at least one Group VIB metal and/or Group
VIII metal on a support such as silica, silica-alumina, alumina or titania. Examples include
Co-Mo, Ni1-Mo, Ni1-Co-Mo, and Ni1-W. Hydrotreating conditions can be selected to be similar
to the dewaxing conditions noted above. In some aspects, the hydrotreating conditions can
include a temperature of 500°F (260°C) to 800°F (427°C), a hydrogen partial pressure of
200 psig (1.4 MPa) to 3000 psig (20.7 MPa), an LHSV of 0.1 hr'! to 10 hr'', and a hydrogen
treat gas rate of 500 scf/bbl (84 Nm?/m’) to 10000 scf/bbl (1685 Nm?>/m?>).

0042} [f a hydrotreating stage is used prior to dewaxing, a separation device can
optionally be used to separate out impurities prior to passing the hydrotreated feed to the
dewaxing stage. The separation device can be a separator, a stripper, a fractionator, or another

device suitable for separating gas phase products from liquid phase products. For example, a

separator stage can be used to remove HoS and NH3 formed during hydrotreating.
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Alternatively, the entire effluent from the hydrotreating stage can be cascaded to the dewaxing
stage 1f desired.

Dewaxed Diesel Fuel Properties

[0043] A dewaxed diesel fuel can meet one or more common industry standards for diesel
fuel, such as ASTM D975, CAN/CGSB-3.517, EN 590, CAN/CGSB-3.520, ASTM D7467,
or CAN/CGSB-3.522. In addition, a dewaxed diesel fuel can contain common diesel fuel
additives, such as lubricity improver, cetane improver, conductivity improver, corrosion
inhibitor, detergent, marker, dye, antioxidant, and combinations thereof. Optionally, a
dewaxed diesel fuel can meet one or more common industry standards for other distillate fuels
(e.g., heating oil, marine distillate), such as ASTM D396, CAN/CGSB-3.2, or ISO 8217. A
common practice 1s to supply these other distillate tuels by recertifying on-road diesel fuel, in
which case they can readily benefit from cold flow improvements for on-road diesel tuel
(typically the most severe application for cold flow). The cold filterability of a dewaxed diesel
fuel can be tested by methods such as LTFT and CFPP. Common industry standards tor LTFT
include ASTM D4539 and CAN/CGSB-3.0 No. 140.1, and common industry standards for
CFPP include ASTM D6371, IP 309, and EN 116. These methods can also be modified in
various ways (e.g., cooling rate, screen size) to provide alternative methods for testing cold
filterability. Cold filterability requirements for a dewaxed diesel fuel, such as minimum LTFT
pass temperature or CFPP, can vary substantially based on geographic location and time of
year. For example, requirements for minimum LTFT pass temperature can be 0°C or less, or
-10°C or less, or -20°C or less, or -30°C or less, or -40°C or less, such as -47°C or possibly

lower.

[0044] For a dewaxed diesel fuel containing FAAE, a cold flow additive can be added to
a distillate fraction (e.g., a dewaxed distillate fraction), the diesel base prior to FAAE addition,
the dewaxed diesel fuel after FAAE addition, or some combination thereof, It can be beneficial
for solubility to add the cold flow additive to a component and/or blend that is elevated in
temperature, such as shortly after hydroprocessing. By including FAAE in a dewaxed diesel
fuel, the response of the dewaxed diesel fuel to cold flow additive (i.e., the improvement in
cold filterability) can be increased, and this increased response can be demonstrated by the

rigorous LTFT method. A dewaxed diesel fuel containing FAAE can have a drop in minimum
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LTFT pass temperature associated with the use of cold flow additive of up to 13°C or possibly

more. Optionally but preferably, the drop in minimum LTFT pass temperature can be 5°C or

more, or 9°C or more.

Examples

[0045] In the following examples, diesel fuels may be referred to based on their content

of FAME. A “B0” refers to a diesel fuel that does not include FAME. A “B2” refers to a
diesel fuel that contains 2 vol% FAME, while a “B5” refers to a diesel fuel that contains 5
vol% FAME. The FAME used in each example is a canola methyl ester with a cloud point of
-3.4°C and a CSFBT of 1.4.

Example 1 — Dewaxed Diesel Fuels (Isomerization Dewaxing)

[0046] A diesel fuel (B0O) with a catalytically dewaxed heavy component was treated with

five commercially available cold flow additives (A - E). For the diesel fuel in Example 1, the
heavy component was dewaxed in the presence of a catalyst that operates primarily by
isomerization. The diesel fuel had a TS5 of 216°C and a T95 of 334°C. The commercially
available cold flow additives are marketed as improving CFPP, pour point, LTFT, or some
combination of these properties. Treat rates in each case were near the upper end specitied by
the additive supplier in its product data sheet, and ranged from 1000 ppmv to 3000 ppmv. A
second group of samples was also prepared corresponding to a blend of the diesel fuel with 5
vol% FAME (B5) and treated with the same set of additives. The effect on minimum LTFT
pass temperature is shown in FIG. 1. In all cases, the presence of FAME unexpectedly resulted
in a significantly larger decrease in minimum LTFT pass temperature, 1.e., improvement in
cold flow. For the B0 samples, the addition of the cold flow additives resulted in decreases 1n
minimum LTFT pass temperature of 2°C to 4°C. By contrast, the addition of the cold tlow
additives to the B5 samples resulted in decreases in minimum LTFT pass temperature of 9°C
to 13°C. This was unexpected in view of the conventional impact of adding FAME to a diesel
fuel. Due to less favorable cold flow properties, such as a higher cloud point and higher pour
point, addition of FAME to a diesel fuel would conventionally be expected to increase the
minimum LTFT pass temperature. This conventionally expected increase was demonstrated
by the increase in minimum LTFT pass temperature for the BS sample without a cold tlow

additive. However, the synergistic effect of adding both FAME and a cold flow additive to
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the diesel fuel samples was sufficiently large so that the additive-treated B3s actually

demonstrated better cold flow than the additive-treated BOs. For comparison, CFPP testing
was also completed for this sample set. For the BO samples, CFPP decreased by 2°C to 8°C
upon addition of cold flow additives. For the B5 samples, CFPP decreased by -2°C (an
increase in CFPP) to 4°C upon addition of cold flow additives. Therefore, the benefits of
FAME incorporation into a dewaxed diesel fuel could not be inferred from CFPP.

Example 2 — Dewaxed Diesel Fuels (Dewaxing based on Cracking)

[0047] A diesel fuel (BO) with a catalytically dewaxed heavy component was also
prepared as a B2 and B5. For the diesel fuel in Example 2, the heavy component was dewaxed
in the presence of a catalyst that operates primarily by cracking. The B0 was prepared by
blending 70% by volume of the dewaxed heavy component (TS5 of 223°C and T95 of 326°C)
with 30% by volume of a kerosene boiling range component (T5 of 170°C and T95 0f 261°C).
Suitable volumes of FAME were added to the BO to make the B2 and B5. The B0, B2 and BS
were each treated with 1000 ppmv of cold flow additive C and D from Example 1. The effect
on mimmimum LTFT pass temperature 1s shown 1n FIG. 2. While neither B2 nor BS5 achieved
better cold flow than B0, the B2 and B5 showed larger improvements in cold flow than B0,
unexpectedly resulting in fuels with comparable cold flow despite the presence of FAME.
This testing was also conducted with two additional sets of BO/B2/B5 with distillate fractions
sourced from the same refinery. These additional sets only differed from the first set in the
heavy component: one set used a heavy component (15 of 228°C and T95 of 327°C) with
mid-level dewaxing and the other set used a heavy component (TS5 of 241°C and T95 of

322°C) with no dewaxing. The improvements in minimum LTFT pass temperature associated
with cold flow additives C and D tor all samples are summarized in Table 1. The two digits

separated by a comma correspond to results with cold flow additives C and D, respectively.
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- Table 1 - Imprbvement in minimum LTFT pass temperature (°C)

Dewaxing BO B2 B5

None 2.3 | 3.4 12,3 |
Mid-level 3,3 4.4 5,5

dewaxing

Full dewaxing 3.4 5,4 6,5

[0048] As shown in Table 1, the response to additive generally increased with dewaxing
severity and, for mid and full dewaxing, with FAME content. Once again, the presence of
FAME increased the effectiveness of the cold flow additive, although the additized B2 and
B35 compositions had minimum LTFT pass temperatures that were similar to or slightly higher
than the BO compositions’. However, the increased effectiveness of cold flow additives in the
presence of FAAE can potentially be beneficial, for example, for producing winter diesel fuels
with greater renewable content to satisfy current or future regulations (e.g., low carbon fuels
standards, renewable fuels quotas). As in Example 1, testing of these samples by CFPP did
not produce comparable results. For instance, the BO/B2/BS set with full dewaxing of the
heavy component showed improvements in CFPP after addition of cold flow additive of 6°C
(B0), 4°C to 6°C (B2), and -2°C to 2°C (BY5). Based on CFPP, which 1s less stringent but
easier to run than LTFT, incorporation of FAME degraded the response to cold tlow additive.
Example 3 (Comparative) — Diesel Fuels (Non-Dewaxed) including FAME and Cold Flow
Additive

[0049] A diesel fuel without any dewaxed components (B0O) was also prepared as a BS.
The BO had a T5 of 192°C and a T95 of 305°C. Both the B0 and B5 were treated with the

same set of cold flow additives as in Example 1. The cffect on minimum LTFT pass
temperature is shown in FIG. 3. Neither the BO nor the BS showed significant improvement
in cold flow. Additionally, the improvements observed were similar in size for both the B0
and B5. For comparison, CFPP testing was also completed for this sample set. For the BO
samples, CFPP decreased by 0°C to 3°C upon addition of ¢old flow additives. For the B5
samples, CFPP decreased by 2°C to 6°C upon addition of cold flow additives. These CFPP

results demonstrate an improved CFPP response to cold flow additive in a non-dewaxed diesel
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fuel due to FAME. This phenomenon is known in industry and, as the examples demonstrate,

does not correlate with improved LTFT response to cold flow additive in dewaxed diesel fuel

due to FAME.

Additional Embodiments

[0050] Embodiment 1. A method for increasing the response of diesel fuel to cold flow
additive, comprising: incorporating 0.5 vol% to 10 vol% of fatty acid alkyl ester into a diesel
base comprising a dewaxed distillate fraction to form a diesel fuel composition comprising a
minimum low temperature flow test (LTFT) pass temperature of -10°C or less, wherein the
diesel fuel composition further comprises 100 ppmv to 4000 ppmyv of a cold flow additive.
[0051] Embodiment 2. The method of Embodiment 1, wherein 1.0 vol% to 7.0 vol% of
fatty acid alkyl ester 1s incorporated into the diesel base, or 1.5 vol% to 5.5 vol%, wherein the
fatty acid alkyl ester optionally comprises fatty acid methyl ester, the fatty acid methyl ester
optionally comprising canola methyl ester, soy methyl ester, corn o1l methyl ester, rapeseed
methyl ester, sunflower o1l methyl ester, or mixtures thereof.

[0052] Embodiment 3. The method of any of the above embodiments, wherein the fatty
acid alkyl ester has a CSFBT of 1.8 or less, a cloud point of 3°C or less, or a combination
thereof.

[0053] Embodiment 4. The method of any of the above embodiments, wherein the cold
flow additive comprises copolymers of ethylene and vinyl esters, the vinyl esters optionally
comprising vinyl acetate, vinyl 2-ethylhexanoate, or a combination thereof.

[0054] Embodiment 5. The method of any of the above embodiments, 1) wherein the
dewaxed distiilate fraction is catalytically dewaxed through i1somerization, cracking, or a
combination thereof; 11) wherein the cloud point of the dewaxed distillate fraction 1s -10°C to
-40°C; or 111) a combination of 1) and 11).

[0055] Embodiment 6. The method of Embodiment 5, a) wherein catalytic dewaxing
comprises catalytic dewaxing in the presence of a catalyst comprising ZSM-48, ZSM-23, or
a combination thereof; b) wherein catalytic dewaxing comprises catalytic dewaxing 1n the
presence of a catalyst comprising ZSM-3, zeolite Beta, USY, or a combination thereof; or ¢)

a combination of a) and b).
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[0056] Embodiment 7. The method of any of the above embodiments, wherein a drop 1n
minimum LTFT pass temperature associated with the use of cold flow additive for the diesel
fuel composition 1s 5°C or more, or 9°C or more.

[0057] Embodiment 8. The method of any of the above embodiments, wherein the diesel
fuel composition comprises 100 ppmv to 3000 ppmv of cold flow additive; or wherein the
diesel fuel composition comprises 300 ppmv to 1500 ppmv of cold flow additive.

[0058] Embodiment 9. A diesel fuel composition, comprising a dewaxed distillate
fraction, 0.5 vol% to 10 vol% of fatty acid alkyl ester, and 100 ppmv to 4000 ppmv of a cold
flow additive, the dewaxed distillate fraction comprising a T5 distillation point of 138°C or
more, the diesel fuel composition comprising a minimum LTFT pass'temperature of -10°C or
less.

[0059] Embodiment 10. The composition of Embodiment 9, comprising 1.0 vol% to 7.0
vol% of fatty acid alkyl ester, or 1.5 vol% to 5.5 vol% of fatty acid alkyl ester.

[0060} Embodiment 11. The composition of Embodiment 9 or 10, wherein the fatty acid
alkyl ester comprises fatty acid methyl ester, the fatty acid methyl ester optionally comprising
canola methyl ester, soy methyl ester, corn oil methyl ester, rapeseed methyl ester, suntlower
o1l methyl ester, or mixtures thereof.

[0061] Embodiment 12. The composition of any of Embodiments 9 — 11, wherein the fatty
acid alkyl ester has a CSFBT of 1.8 or less, a cloud point of 3°C or less, or a combination
thereof.

[0062] Embodiment 13. The composition of any of Embodiments 9 — 12, wherein the

cold flow additive comprises copolymers of ethylene and vinyl esters, the vinyl esters
optionally comprising vinyl acetate, vinyl 2-ethylhexanoate, or a combination thereof.

[0063] Embodiment 14. The composition of any of Embodiments 9 - 13, wherein the
cloud point of the dewaxed distillate fraction 1s -10°C to -40°C.

[0064] Embodiment 15. The compositiOn of any of Embodiments 9 - 14, comprising 100
ppmv to 3000 ppmv of cold flow additive, or 300 ppmv to 1500 ppmv of cold flow additive.

[0065] Additional Embodiment A. The method of any of Embodiments 1 — 8, wherein a
change in cold filter plugging point associated with the use of cold flow additive for the diesel

fuel composition is a drop of 4°C or less and/or an increase of 1°C or more.

- 18 -

CA 3009228 2018-06-22




[0066] Additional Embodiment B. A diesel fuel composition formed according to any of
Embodiments 1 — 8 or Additional Embodiment A.

[0067] Additional Embodiment C. The composition of any of Embodiments 9 — 15,
wherein a drop in minimum LTFT pass temperature associated with the use of cold flow
additive for the diesel fuel composition 1s 5°C or more, or 9°C or more.

[0068]  Additional Embodiment D. The composition of any of Embodiments 9 — 15 or
Additional Embodiment C, wherein a change in cold filter plugging point associated with the
use of cold flow additive for the diesel fuel composition is a drop of 4°C or less and/or an
increase of 1°C or more

[0069] While the present invention has been described and illustrated by reterence to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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CLAIMS:

1. A method for increasing the response of diesel fuel to cold flow additive, comprising:
incorporating 0.5 vol% to 10 vol% of fatty acid alkyl ester into a diesel base
comprising a dewaxed distillate fraction to form a diesel fuel composition comprising a
minimum low temperature flow test (LTFT) pass temperature of -10°C or less,
wherein the diesel fuel composition further comprises 100 ppmv to 4000 ppmv of a

cold flow additive.

2. The method of claim 1, wherein 1.0 vol% to 7.0 vol% of fatty acid alkyl ester 1s

incorporated 1nto the diesel base.

3. The method of claim 1, wherein 1.5 vol% to 5.5 vol% of fatty acid alkyl ester is

incorporated into the diesel base.

4. The method of claim 1, wherein the fatty acid alkyl ester comprises fatty acid methyl
ester.
J. The method of claim 4, wherein the fatty acid methyl ester comprises canola methyl

ester, soy methyl ester, corn oil methyl ester, rapeseed methyl ester, sunflower oil methyl

ester, or mixtures thereof.

6. The method of claim 1, wherein the fatty acid alkyl ester has a CSFBT of 1.8 or less,

a cloud point of 3°C or less, or a combination thereof.

7. The method of claim 1, wherein the cold flow additive comprises copolymers of

cthylene and vinyl esters.

8. The method of claim 7, wherein the vinyl esters are vinyl acetate, vinyl

2-ethylhexanoate, or a combination thereof.
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CA 3009228 2018-06-22



9. The method of claim 1, wherein the cloud point of the dewaxed distillate fraction is -

10°C to -40°C.

10.  The method of claim 1, wherein the dewaxed distillate fraction 1s catalytically

dewaxed through 1somerization, cracking, or a combination thereof.

11.  The method of claim 10, wherein catalytic dewaxing comprises catalytic dewaxing in

the presence of a catalyst comprising ZSM-48, ZSM-23, or a combination thereof.

12.  The method of claim 10, wherein catalytic dewaxing comprises catalytic dewaxing in

the presence of a catalyst comprising ZSM-35, zeolite Beta, USY, or a combination thereof.

13.  The method of claim 1, wherein a drop in minimum LTFT pass temperature associated

with the use of cold flow additive for the diesel fuel composition 1s 5°C or more.

14.  The method of claim 1, wherein a drop in minimum LTFT pass temperature associated

with the use of cold flow additive for the diesel fuel composition 1s 9°C or more.

15.  The method of claim 1, wherein the diesel fuel composition comprises 300 ppmv to

1500 ppmv of cold flow additive.
16. A diesel fuel composition, comprising a dewaxed distillate fraction, 0.5 vol% to 10
vol% of fatty acid alkyl ester, and 100 ppmv to 4000 ppmv of a cold tflow additive, the

dewaxed distillate fraction comprising a T35 distillation point of 138°C or more, the diesel tuel

composition comprising a minimum LTFT pass temperature of -10°C or less.
17.  The composition of claim 16, comprising 1.0 vol% to 7.0 vol% of fatty acid alkyl ester.

18. The composition of claim 16, comprising 1.5 vol% to 5.5 vol% of fatty acid alkyl ester.
-71 -
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19. The composition of claim 16, wherein the fatty acid alkyl ester comprises fatty acid

methyl ester.

20.  The composition of claim 19, wherein the fatty acid methyl ester comprises canola
methyl ester, soy methyl ester, corn oil methyl ester, rapeseed methyl ester, suntlower oil

methyl ester, or mixtures thereof.

21.  The composition of claim 16, wherein the fatty acid alkyl ester has a CSFBT ot 1.8 or

less, a cloud point of 3°C or less, or a combination thereof.

22. The composition of claim 16, wherein the cold flow additive comprises copolymers of

ethylene and vinyl esters.

23. The composition of claim 22, wherein the vinyl esters are vinyl acetate, vinyl

2-ethylhexanoate, or a combination thereof.

24.  The composition of claim 16, wherein the cloud point of the dewaxed distillate fraction

1s -10°C to -40°C.

25.  The composition of claim 16, comprising 300 ppmv to 1500 ppmv of cold flow

additive.

_29 .

CA 3009228 2018-06-22



1/3

N
N

\

™\
/
/

j

f

Mw
o
e
¥ X" & & 8 & 3%

Y, ‘ainjeladwa) ssed | 417 wnwiuiwl

CA 3009228 2018-06-22

-36

B
cold

none

FIG. 1



2/3

s

I 8 8 R

f !

-31
-32
-33

3, ‘'2injesadwa) ssed |47 wnuiuw

CA 3009228 2018-06-22

c0
i

C
cold flow additive

none

FIG. 2



3/3

it}

2
W

u .2
e
O
&
<
O
-
O

a 0
0

<L

L

"

O

-

-30-

N
(Ti

-26
2

D, ‘dunjesadwa) ssed | 4] wnuiuiw

FIG. 3

CA 3009228 2018-06-22



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings

