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(54) Title: IMPROVED HYDROPROCESSING OF BIORENEWABLE FEEDSTOCKS

(57) Abstract: The present invention provides an improved process for producing diesel boiling range fuel or fuel blending compon -

ent from renewable feedstocks such as plant oils and g

reases. The improvement mvolved the addition of an organic polysulfide to

the renewable feedstock betore it enters the pre-reaction heating unit of the process resulting i reduced fouling i the pre-reaction
heating unit. The mvention also provides the use of such organic polysulfide in renewable feedstocks used in hydroprocessing equip -
ment for reducing fouling in the pre-reaction heating units of such processes.
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IMPROVED HYDROPROCESSING OF BIORENEWABLE FEEDSTOCKS

Field of the Invention

(0601}  The present invention provides an improved process for producing diesel
bothing range fuel or fuel blending component from renewable feedstocks such as plant

oils and greases. The improvement involved the addition of an organic polysulfide to the

m reduced fouling in the pre-reaction heating unit. The wvention also provides the use
of such orgamc polvsulhide m renewable feedstocks used m hvdroprocessing equipment
for reducimg fouling in the pre~reaction heatmg units of such processes.

Backeround of the Invention
[0002] Eovironmental interests and an increasmg worldwide demand for energy have
cncouraged encrgy producers o mvestigate renewable energy sources, mcluding
biotuels. Biotuel 1 oblamed trom biological material that i3 ving or relatrvely recently
lifeless, 1 contrast to fossil fuels (also referred to as mineral fuels) which are dertved
from ancient biological material. There 15 particularly interest m biofuels wheve, as
Furope, regulatory requuerements bave been or will be introduced that will require
creased use of biofuels for motor vebicles, principally by blending with mneral fuels.
10003 Biofuels are typrcally made from sugars, starches, vegetable ous, or anunal
fats using conventional technology from basic feedstocks, such as seeds, often referred 1o
as bio-feeds. For example, wheat can provide starch for fermentation mto bioethanol,
while oil-contaming seeds such as sunflower seeds provide vegetable otl that can be used
iy biodiesel.
[0004]  The conventional approach for converting vegetable oils or other fatty acid
dertvatives mto haud fuels in the diesel boiting range 1s by a transestenification reaction
with an alcohol, typically methanol, n the presence of catalvsts, normally a base catalyst
such as sodivm hydroxide. The product obtamed s {vpicallv a [atty acid alkyvl ester, most
commoenty fatty acid methyl ester {known as FAME), Whie FAME has many desirable
qualities, such as high cetane and its perceived environmental benefit, 1t has poor cold
Hlow relative to mineral diesel because of its straight hydrocarbon chain. It also has lower

stability because of the presence of ester moicties and wsaturated carbon-carbon bonds.
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[0665]  Hydrogenation methods are also known to convert vegetable oils or other
remove  undesirable oxvgen by hydrodeoxypenatton  to produce  water,
hydrodecarbonvlation to produce CO, or hvdrodecarboxylation to produce CO. In
hydrodeoxygenation, unsaturated carbon-carbon bonds present m feed molecules are
saturated (hvdrogenated) before deoxygenation. Compared to transesterification, this
type of hydrotreating has the practical advantage that it mav be practiced i a refinery
uttlizing existing mfrastracture. This reduces the need for investment and provides
potential for operating on a scale that s more hkely to he sconomical.

{06 There are methads, developed by UOP (EcoFming) and Neste, which process
Publication No. W() 2008/020048 deseribes a process for coprocessing triglyeerides with
heavy vacuum otl in single or multiple reactors, and partial hvdrogenation of oxygenated
hydrocarbon compounds such as glycerol is disclosed as being more desivable from the
a process for the catalvtic hydrotreatment of a feedstock dertved from petroleam, of the
pasoll type, m at igast one fixed bed hydrotreatment reactor, whergim up o about 30% by
weight of vegetable oils andfor amimal fats are incorporated mto the feedstock, and the
reactor 1s operated in a single pass without recyele.

10007} European Patent No. EP 1911735 describes co-hvdrogenation of a carboxvlic
acid and/or denivative with a hydrocarbon stream from a refinery, as a retrofit. CoMo or
NiMo catalysts are disclosed. It 15 stated that condifions are mantained in the reactor
such that almost complete conversion of the carboxyviic acid andior ester 15 achieved, that
18, greater than 90% conversion and preferably greater than 95% conversion. The product
is described as suitable for use as or with a diesel fuel.

008 PCT Publication No. WO 2008/040973 describes a process, which is suitable
as a retrofit, in which a mixed feed of carboxylic acid and/or derivatives including esters.
and a rehinery process stream, such as a diesel tuel, are hydrodeoxvgenated or

N

simultaneously hydrodesuliurized and hydrodeoxvgenated. The catalyst mav be Ny or Co
n combimation with Mo, The process produces a product which is described as suitable
for use as diesel, gasohine or aviation fuel It w stated that, under the described

condifions, conversions of greater than 90% of the co-fed carboxyhec acid andior
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derivatives are typical and usually greater than 95% is achieved.

{00091 PCT Pubhication No. WO 2007/1 38254 describes a process m which 1 a first
stage a hydrocarbon process stream, which may be a muddle distiliate, 15 hvdrogenated
andd then fed with a carboxylic acid andior ester to a second hydrogenation stage. The
tinal product may be diesel tuel, and the beneflits are said to be reduced exotherm,
mmproved diesel vield, reduced fouling, reduced coking, and reduced residual oletins
andior heteroatoms. Mention 18 made of an alternative process i which an antreated
hvdrocarbon process stream s fed with the ester. Conditions @ the second reactor are
said to be the same as the first, and NiMo and CoMo are described as preferred catalysts
for the first reactor. It is stated that conditions are mamiained in the reactor such that
almost complete conversion of the carboxylic acid andfor ester is achieved, that is greater
than 90% conversion and preferably greater than 95% conversion.

100 10] Unites States Application 2009/0077865 describes means of reducing fouling
and deposition formation in the reaction chamber of a hydroprocessing unit, but provides
ne teaching on controlling veducing fouling and deposition formation in the heat
exchanges andfor furnaces used to pre-heat the feed stream before it enters the reaction
chamber. The tvpes of deposiis mvolved and fouling wvolved in the reaction chamber
are different from those at issue 0 the pre-reaction heating unit, as the reaction chamber
18 at a higher temperature, tvpically includes a catalyst bed that can themselves catalyze
depostt formation, can themselves be fouled, and can bave materials stripped from them
by the process stream. These are different and unrelated problems to the issue of fouling
in the pre-reaction heating wnt,

0011} All of these processes and approaches can be difficult to carry out over long
pertods of tme due to touling caused by deposit formation m the processing equpment,
particularly in the pre-heating unit that the bio-feed stream typically passes through
before entering the reaction unit.  This pre-heating unit, or heat exchanger, brings the
feed stream up to or near o the desired temperature for the reaction that is to take place
11 the reaction chamber unit.

10012] When the pre-heating unit becomes touled there 15 a reduction mn the
efficiency of the heat-exchange, as the fouling deposits act as an msnlating layer, and can
even begin to inhibit flow through the unit if the deposits are allowed to accumulate.

The foulmg of concern here meludes fouling from: {1) pre-exasting fonlants present in the
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feed swream, such as msoluble inorganic debris including sand and corrosion scale,
insoluble organic debris such as cellulose and lignin, marginally soluble components that
become msotuble m areas of locally-high temperature mcluding the beat exchanging
surfaces of the pre-heating unit, such as asphaltenes i crude oil; and (1) foulants formed
by chemucal reactions that take place m the pre-heating umit such as polymers formed by
reactions at the localiy-high temperature meinding the heat exchanging surtaces of the
pre-heating unit, where such reaction may take place when the feed stream contains
polvmerizable components, trace metal components that act as catalysts, and dissolved
OXYgen.

T 3 When the pre-heating unit becomes fouled the entire process must be shat
down in order to remove the deposits. This is a costly and time consuming activity that
also reduces operation time for the equipment involved.

G014 Therefore, there s a nead for an improved hvdrofreating process for
biorenewable feedstocks, such as vegetable oils and animal fats, that reduces the amount
of fouling seen in the pre-reaction heating unit of the process.

Sammarv of the bwvention

[0015] The sabject invention relates to a process for producing a hydrocarbon stream
antable for use as a fuel from a renewable feedstock, wherein saxd process comprises:
feedimyg an oxygenate feed stream 10 a pre-reaction heating nnit wherein an organic
PO hvsulfide is added to the oxygenate feed stream before it enters the pre-reaction heating
ungt in order to reduce fouling mn said pre-reaction heating anit.

016} The subject mvention relates to a process for producmg a hydrocarbon
stream suttable for use as a fuel from a renewable feedstock, wherein said process
comprises: {a) feeding an oxveenate feed stream to a pre-reaction heating unit) (b)
feeding said feed stream to a hydrotreatment reaction zone; (¢} contacting the feed
streamy within the hydrotreatment reaction zonge with a gas comprising hvdrogen under
hydrotreatment conditions: {d) removing a hydrotreated product stream; and (e
separating from the hydrotreated product stream a hvdrocarbon stream suitable for use as
fuel, wherein an organic polysulfide 18 added 1o the oxygenate feed streamn betore it
enters the pre-reaction heating wmt i order o reduce fouling n said pre-reaction heating
unit. In some emboediments the hydrocarbon stream recovered after step ¢) is a diesel

fuel.
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fat and crude sov bean oil.  The oxvgenate feed stream imay also be abtammed by
transestertfication of Cs to Cag carboxviic esters with an alcohol in the presence of a base
catalyst. Specific examples include fatty acid methyl esters.

0018} The organic polvsuifide may mclude a compound of the formula R-5:-R, ora
mixtare of such compounds, where R 1s branched alkyi of 3 to 15 carbon atoms and x 18
gither an teger between | and 8 or even 3 and 8. The organic polysulfide may be
added to the feed stream in an amount of at least 100 or 1000 ppm based on the weight of
said oxygenate feed stream.

10019} The sabject invention also relates to the use of an organic polysulfide in an
oxveenate feed stream to reduce fouling m a pre-reaction heating unit of a
hydroprocessing unit that converts said oxvgenate feed stream to a hydrocarbon stream

suitable for use as a fuel.

10620} Various features and embodiments of the mvention will be described below
by way of non-limiting ilustration.

f frf-* & f . FORES N

{021 ] This mvention generally relates 10 a process for hvdroconversion of
oxvgenated hydrocarbon compounds.  The hydroconversion process, or specific
hvdroprocessing umt suitable for use with the present mvention 18 not overly limited so
long as the umit employs a pre~reaction heating unit, for example a heat exchanger or
furnace that heats the feed stream before it enters the reaction chamber, which may also
be referred to as the hvdrotreatment reaction zong.

{022} The imvention relates to a process for g}if@dm{:is g a hydrocarbon stream
suitable for use as a fuel from a renewable feadstock, wherein said process comprises:
teeding an oxvgenate feed stream to a pre-reaction heating unit wherein an organic
polvsatfide 15 added to the oxyvgenate feed stream betore o enters the pre~reaction heating
unit in order 1o reduce foulmeg mn said pre~-reaction heating unti.

100231 Processes for producing hvdrocarbon streams suitable for use as foels, where

the feedstocks are carboxylic esters and similar renewable materials, may generally

mchude the steps: (a) feeding an oxveenate feed stream to a pre-reaction heating unit; (b)
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feeding saxd feed stream to a bydrotreatment reaction zong; {c) contacting the feed
stream within the hvdrotreatment reaction zone with a gas comprising hydrogen undey
hydrotreatment conditions; {d) removing a hydrotreated product stream; and (@)
separating from the hydrotreated product stream a hydrocarbon stream suitable for use as
tuel.

024 in some embodiments the stream 18 reacted m the hyvdrotreatment reaction
zone antil no more than 86 wi¥s of the esters in the oxygenate feed stream are converted
to hyvdrocarbons. In some embodiments the hydrotreated product stream obtatned from
the hydrotreatment reaction zone can be further hydrotreated in one ov more additional
hydrotreatment  reaction zongs by comtacting the stream with hydrogen under
hydrotreatment conditions until at feast 90, 95 or even 99 wi¥ of the esters in the
oxygenate feed stream are converted to bydrocarbons. The hvdrotreated product stream
can then be removed from the additional hydrotreatment reaction zone{s).

{0025]  Thus, in some embodiments the invention comprises: (a) feeding an
oxvaenate feed stream to a pre-reaction heating unit; (b feeding said feed stream to a
first hvdrotreatment reaction zone; (¢) contacting the feed stream withmn the
hydrotreatment reaction zone with a gas comprnsing hvdrogen under hvdrotreatment
conditions until not more than S6% of the esters m the oxygenate feed stream are
converted by hvdrodeoxyveenation to hyvdrocarbons; {dy removing from the first
hydrotreatment reaction zone g first hydrotreated product stregm; (e} contacting the
hvdrotreated product stream within at least a second hvdrotreatment reaction zone with a
gas comprising hvdrogen under hvdrotreatment conditions antil at least 90, 95 or even 99
wit of the esters m the oxvgenate feed stream are converted to hydrocarbons: ()
removing from the second hvdrotreatment reaction zone a second hydrotreated product
suitable for use as fusl.

[026] The hydrotreatment reaction may be carried out at temperatures in the range
of from about 130 o about 430°C and pressures of from about §.1 10 about 23 MPa or
from 1 to 20 MPa or even 15 MPa. Where the hydrotreatment reaction 1s carmied out in a
single reaction zone, the temperature can range from about 200 to about 400°C, or from
about 250 to about 380° C. However, in where there are two or more sta A0S of

hydrotreatment, the temperature in each reaction zone may be lower, as a milder
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hydrotreatment may be camed owt. In such embodiments, the temperature can range
from about 150 to about 300°C or from about 200 to about 300°C. Additionally, in
certain two stage hydrotreatment reaction zone embodiments, the temperature m the first
reaction zone can be lower than the temperature in the second reaction zone.

0627} The hydrogen used m any hydrotreatment process according {o the mvention
may be a substantially pure, fresh feed, but 1t 18 also possible to use recycled hvdrogen-
containing feed from elsewhere m the process, or from the retinery, that may contan

contamination from by-products, preferably such that the chemical nature andior the

concentration of the by-products in the hvdrogen does not cause a significant reduction
{e.i., not more than a 10% reduction, preferably not more than a 3% reduction} m the
activity andfor lifetime of any catalvst to which the hvdrogen is exposed. The hvdrogen
treat gas ratio can typically be in the range of about SO Nm'/my’ (about 300 scfibbi) to
abont 1000 Nm'/m' {about 5900 scfbbly. In certain embodiments, typically when
relatively milder hydrotreatment conditions are desired, the hydrogen treat gas ratio can
be from about 75 Nmm'/m® (about 450 scfbbl) to about 300 Nm'/m’ {about 1800 scfibbl)
or from about 100 Nm'/m’ (about 600 scfbbl) to about 250 Nm'/m® (about 1500
sci/bbi}. In other cmbodiments, tvpically when relatively harsher hvdrotreatimemt
conditions are desired, the hvdrogen treat gas ratio can be from about 300 Nm'/m” (about
1800 sefbbl) to about 650 Nm'/m® (about 3900 scfbbly or from about 350 Nm'/im’
(about 2100 scfibbi) to about 550 N/t (about 3300 scfbbl).

0028} The hvdrotreatment step{s) may be catalyzed, and suitable catalysts include

those comprising one or more Group VI metals and one or more Group VIB metals, for

Mo or such as Ni, Mo, and W. Each hydrotreatment catalyst is typically supported on an
oxile such as alumina, silica, zirconia, titama, or a combination thereof, or another
known support material such as carbon. Such catalysts are well known for use in
hvdrotreatment and hydrocracking.

0029 A NiMo catalyst mav be used o mitiate olefin saturation at a lower mlet
temperature. Most units are constrained by a maximam s:;sps.:-*::_z.'::tt;ii?n;,g,{;''-te;zt:rsq;sa-i*z;-fr;a:t;ur-ei3 and farge
amounts of heat are released from treatment of biofeeds. Initiating olefin saturation at

lower temperature with NiMo allows for longer cvele lengths {as the maximum
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temperature will be reached later) andfor permits processing of more biofeeds.

[0030] A CoMo catalyst may be used for lower hvdrogen partial pressure
desulfunizaton and to slow down the kinetics of bioteed treatment. Spreading the
exotherm out tfifimugho:mt the process by having stich a lower actiy ;i'ty cata lﬁ}rsi will reduce
to structural issues if near reactor walls), At high h}-*dmgen pmia.i pressures, ﬁf;;e use of
CoMo may also reduce the amount of methanation that occurs, which helps to reduce
hvdrogen consumption,

0031 As used Berein, the terms "CoMo™ and "NiMo" refer to comprising oxides of
molybdenum and either cobalt or mckel, respectively, as catalvtic metals. Such catalysts
may also optionallv include supports and minor amounts of other materials such as
promoters. By way of dlustration, sustable hydrotreating catalysts are described, for
example, in one or more of LIS, Pat. Nos. 6,136,695, 6,162 350, 6,299,760, 6,582, 59
6712955, 6.783.663, 6863803, 6920738 7.220548, 7.288.182. 7410924 and
7,544,632, 11.S. Patent Application Publication Nos. 20050277545, 2006/0060502,
2007/0084754, and 20084132407, and International Publication Nos. WO (4/0076486,
WO 2007084437 WO 2007084438, WO 2007084439 and WO 2007/08447 1

10632} A combination of catalvsts may be used m the first or in the second {or
subsequent) hydrotreatment reaction zones. These catalysts may be arranged in the form
of a stacked bed. Allernatively, one catalyst may be used m first bydrotreatment regetion
zone and a second catalyst m the second {or subsequent} hydrotreatiment reaction zones.
In a preferred arrangement the birst hvdrotreatiment reaction zone comprises a stacked
bed of NiMao catalyst, followed by a CoMo catalyst. The second reaction zone preferably
comprises a CoMo catalvst. Nevertheless, in alternate arrangements stacked bed
arrangements, the N iMo catalyst in the first hydrotreatinent zone may be substituted with
a catalyst contaming N1 and W metals or a catalvst contammng Ni, W, and Mo metals.
({0033 The hvdrotreatment mayv be conducied at liguid howrly space velocities
(LHSV) of from about 0.1 to about 10 ™', for example from about 0.3 to about 5 by’ or
from about 0.5 to about 5 b, In the embodiments of the invention where there are two
reactor, where the reaction zones are in separate m::tr;:mrs} may be mﬂﬁq :ﬁﬂfﬁ. as

mdicated above this mav be achieved bv using lower temperatures. Alternatively or in
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addition, the LHSY may be increased to reduce severity. In such an embodiment, the
LHSYV is preferably from abont 1 to about 3 hr'.

1034 it 1s believed {o be within the competence of one skilled in the art to select an
appropriate catalvst, and then determine the specific conditions within the above-
mentioned ranges under which the hyvdrotreatment according to the wvention may be
carried out, so that hvdrodesulfurization of the hydrocarbon feed and conversion of the
oxvgenate feed to hydrocarbons can be achieved, eg. without significant loss of
hvdrocarbons botling in the diesel range due to vnwanted hyvdrocracking.

[0035] Following hydrotreatment, whether in a single bydrotreatment step or in 8
sequence of two or more hydrotreatment steps, a hydrotreated product stream s
recovered from the hvdrotreatment and a hvdrocarbon product stream suitable for nse as
fuel can then be separated from . The hydrotreated product stream may be subjected to
conventional separation processes to achieve this; for example, flash separation to
remove light ends and gases, and fractionation to isolate hydrocarbons boiling in the
diesel fuel range.

10036 in addition, the hydrotreated product stream may be subjected to optional
hydroisomerization over an somerization catalyst 1o mmprove the properties of the final
prodhuct, such as the cold flow properties.

037} in the embodiments of the invention where the hvdrotreatment of an
oxveenate feed stream comprising olefinic unsaturation and the hydrocarbon foed stream
are carried out m two or more hydrotreatment reaction zones, the hydrotreatment 1s
preferably conducted to spht heat release between the two reaction zones. For example,
m the first hydrotreatment reaction zone the olefins may be saturated, and the methyl or
ethyl ester groups removed along with some oxvgen removal, and then i the second
hydrotreatment reactor the conversion to hvdrocarbons suitable for use as fuel is
completed. This enables each stage to be camried ouwt under relatively milder conditions
and with better control of heat release than would a single stage hydrotreatment io
achieve similar hydrocarbon conversion.

00381 The first hvdrotreated product stream removed trom the tirst hydrotreatment
reaction zone may thiﬁm}ly be cooled before 1t is hydrotreated within the second
hydrotreatment reaction zone nsing couventional means, such as heat exchangers or

quench gas treatment. Heat recoverad m this way may be used to preheat feed at other
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points in the process, such as the oxygenate feed to the first reaction zong.

39} A further option 18 to pass the first hydrotreated product stream through a
separator to separate out anv hight ends, CO, €Oy, or water before it 15 passed mto the
second reaction zone. Such removal of the CO and water may improve catalvst activity
and cvele length.

040] The recoversed hydrocarbon product stream may be used as fuel, such as
diesel fuel, heating oil, or jet fuel, either alone or combined with other suitable streams.
A preferred use of the hydrocarbon product stream 18 as diesel fuel and 1t may be sent to
the dieset fuel pool. It may also be subjected to further convention treatments, including
the addition of additives to enhance the performance, 8.2, as a diesel fuel

10041} This invention extends to a fuel, such as diesel fuel, heating oil, or jet fuel,
when prepared by the process as described heremn.

10042} In one embodiment, the recovered product hydrocarbon stream can comprise
at Jeast 90, 93, or 95 wie saturated hyvdrocarbons typically up to about 98, 99, 99.5 or
eyven Y99 iafft.‘f:if%g and less t}ia‘;;}. b, 0.5, 02, or 0.1 wit% ester-contaming compounds. In
300, 200 or even 100 welght ppm {wppm)} ester-contaming compounds.  In stull other
embodiments recovered product hydrocarbon stream may contain no more than 100, 200,
or SO0 wppb, or 1, 2, 5, or 10 wppm ester-containing compounds if any; no more than 1,
0.5, 0.2, 0.1 wt% or no more than 500, 200, 100, 75, 50, or even 25 wppm acud-
contamng compounds if any; not more than 10 wppm sulfur-containing compounds,
based on the total weight of the product hvdrocarbon stream. In this embodiment, the
product hydrocarbon stream can be used as, and/or can be used as a blend component in
combination with ong or more other hvdrocarbon streams, to form a diesel fuel, a jet
fuel, a heating oil, or a portion of a distillate pool.

0043 In another embodiment, where there are at least first and second
hydrotreatment reaction zones, the partially converted first hydrotreated product stream
from step (b)) can comprise from about 30 wt %% to about 60 wt % of compounds
contatning only hydrogen and carbon atoms, at least about 4 wit % trans-estenhied {i.e.,
contaming the alkyl group from the alcohol, preferably methyl) ester-containing
compounds, at least about 2 wit % acid-containing compounds that are fully saturated,

and at least about 03 wi %0 alkyl alcchols, based on the total weight of the partially
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converted first hydrotreated product stream.

{44 in some embodiments the renewable feedstock 15 co-fed with petroleum
derived feedstocks 11 a standard or modified hydroconversion process.  Mixtures of
oxygenated compounds, such as those found in bio-oils denved from pyrolysis or
bguetaction, are also meluded m the defimtion of bromass-derived oxvgenated
compound. In some embodiments the process of the mvention uses onlyv the renewable
feedstock and no petroleum derived feedstocks are co-fed mnto the process.

the Pre-Heating Tinii

[0045] As noted above, the invention related to a process for producing a
hyvdrocarbon stream useful as diesel fuel from renewable feedstocks where the process
uses a pre-reaction heating unit that heats the renewable feedstock stream before it enters
the reaction zone.

0046 The pre-reaction heating unit i3 typically one or more heat exchangers or
furnaces positioned before the hydrotreatment reaction zone. The pre-reaction heating
unit brings the feed stream up to the desired temperature before it enters the reaction
zone. This desired temperature may be the desired reaction temperature, or 1t may be
just below the desired reaction temperature,

10847 As noted above, fouling and deposit formation in the pre~reaction heating uny
18 a serions problem for hydroprocessing unit. The deposits that form in the pre-reaction
heating unit tend © he different from those that are a concern i the hydrotreatment
reaction zone. Deposits in the pre-reaction heating unit iend o be more related to the
renewable feedstock stream, mcluding smpurities and debris in the stream itselt.  In
contrast, deposits m the hyvdrotreatment reaction zone tend t© be more related to
undesired reaction byproducts. Furthermore the impact of fouling and deposits m these
two regions of the process are very different. In the pre-reaction heating unit, fouling
and deposits can impact the heat exchange, thus causing the feed stream 1o come o the
reaction zone cooler than desired andfor requiring more energy and cost to get the feed
stream up to the deswred temperature.  In the reaction zone, deposit control and fouling
are almost solelv focused on the catalysts, ensuring the catalvst 15 avarlable to facthtate
the desired reactions, and is not itself fonled. in other words, the deposits and fouling
concerns in the pre-reaction heating unit are different from the deposits and fouling

concerns in the reactinn zone.
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[0048]  The pre-reaction heating unit may, in some embodiments, bring the feed
stream ap to the desired reaction temperature, meludmg any of the reaction temperatures
described above. In other embodiments the pre-reaction heating umt may bring the feed
sfreanm up 1o a temperature 5, 10 or even 157 € below the deswred reaction temperature,
mncluding any of the reaction temperatures described above.

The Feed Nrequn

[0049] The present mvention relates to a process for producing a hvdrocarbon stream
useful as diesel fuel from renewable feadstocks such as those onginating from planis or
animals. This rencwable feedstock may be referred to as an ox ygenale stream Or sunply
as the renewable or bio rengwable feed stream.

0050} The term renewable feedstock is meant to include feedstocks other than those
obfatned from petroleum crude o1, Another term that has been used to descnibe this
class of feedstock is bio-renewable fats and oils. The renewable feedstocks that can be
used in the present mvention include any of those which comprise glycerides and free
triglycertdes, but monoglyeendes and diglyveerides may be present and processed as well.
0051 Examples of these renewable feedstocks include, but are not limuted to,
canola o1, com oil, sov oils, rapeseed o1l, sovbean oil, colza ol tall oll, sanflower o1l
hempseed oil, olive oil, linseed oil, coconut oil, castor oil, peanut oil, palm oil, mustard
o, jatropha o, tallow, yvellow and brown greases, lard, tram otl, fats i mlk, fish ol
algal o, sewage sludge, wood pulp, dertvative of wood palp, and the ke, Additional
examples of renewable feedstocks include non-edible vegetable oils from the group
comprising Jatropha curcas (Ratanjoy, Wild Castor, Jangli Erandi), Madhuca indica
{Mohuwa), Pongamua pmnnata {(Karanjt Honge), and Azadiracta indicia {Negem).

j0052]  The wiglycerides and FFAs of the typical vegetable or animal fat contain
aliphatic hydrocarbon chams in their structure which have about § to abont 24 carbon
atoms with a majority of the fats and oils containing aliphatic hydrocarbon chains with
16 and 18 carbon atoms.

0053 ] Mixtures or co-feeds of renewable feedstocks and petroleam  derived
be used, especially as a co-feed compenent in combination with the above listed

teedstocks, mclude spent motor otls and ndusirial lubricants, used paraffin waxes,
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liquids derived from the gasification of coal, biomass, or natural gas followed by a
downstream lquefaction step such as Fischer-Tropsch technology, Hauids derived from
depolvmenization, thermal or chemical, of waste plastics such as polypropvlene, high
density polvethviene, and low density polvethviene; and other synthetic otls generated as
byproducts from petrochenucal and chemcal processes.  Mixtures of the above
feedstocks may also be used as co-feed components. One advantage of using a co-feed
component 15 the transtormation of what has been considerad to be a waste product from
a petroleum based or other process o a valuable co-feed component t© the current
PrOCess.

NG Renewable feedstocks that can be used in the present invention may coniain a
varictv of impurities. For example, tall oil is a bvproduct of the wood processing
industry and tatl o1l contamns esters and rosin acids i addition 10 FFAs., Rosm acids are
cvehic carboxylic acids. The renewable feedstocks may also contain contaminants such
as atkall metals, e.g. sodium and potassium, phosphorus as well as solids, water and
detergents.  An optional first step is to remove as much of hfﬁse contanynants as
possible.  One possible pretreatment step involves contacting the renewable feedstock
with an ion~-exchange resin in a preftreatment zone at pretreatment conditions.

0055} in some embodiments the oxvgenate feed stream iz derived from biomass,
and 1s preferably derived from plant oils such as rapeseed oil, palm oil, peanut oil, canola
o, suntlower ot tall od, corn otl, sovbean oil, obive oil, jatropha o, jojoba oil, and the
ltice, and combinations thereof. It may additionally or altemately be denved from animal
oils and ﬁi'i's._,,. such as fish oil, lard, taliow, chicken fat, miik pmdmi and the hLe and
be nsed.

[0056] A typical feed stream contains alkyl (preferably methyl andior ethyl, for
example methvl) esters of carboxvlic acids such as methyl esters of satwated acids
(typically having from 8 to 36 carbons atiached to the carhoxylate carbon, preferably
from 10 10 26 carbous, tor exampie from 14 to 22 carbons), which may contain ong more
unsaturated carbou-carbon bonds. In some embodiments the feed stream mcloades:
methyl esters of Cir saturated acids, methyl esters of Cig acids with 1 olefin bond:
methyl esters of Cig actds with 2 olefin bonds; methyl esters of e actds with 3 olefin

bowds; or methyl esters of Cyy saturated acuds.
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{0057} As used herein, the phrase "alkyl ester”, with reference to esters of carboxylic
acids should be understoad to mean a straight or branched hvdrocarbon having from 1 o
24, 1 to 18, 1 to 12, or even 1 to 8 carbon atoms attached via an ester bond to a
carboxyiate moiety. For clartty, though a preferred alkyl ester of a carboxylic acid
mcludes fatty acid esters such as FAME, there 13 no requirement that the alkyl esters of
carboxyviic acids be charactenized as "fatty acid” esters m order to be useful m the
mvention.

0038} The oxvgenate feed stream may be denved from biomass by a
transesterification reaction with an appropriate alcohel, that is a Cy 1o Cyy alcobol, in the
presence of catalysts, normally a base catalyst such as sodium hydroxide, to obtain a
fatty acid alkyl ester {e.g.. where the alkyl group is a methyl andfor ethyl group). The
oxvgenate feed stream may contain esters of carboxylic acids which are saturated or
unsaturated, with unsaturated esters contamning one or more, tvpically one, two or three,
olefinic groups per molecule. Examples of unsaturated esters include esters of oleic,
linoleic, palmitic, and stearic acid. A preferred oxvgenate feed stream comprises one ot
move methvl or ethvl esters of carboxyihic acids.

0039} An oxygenate feed stream comprising one or more methyl or ethyl esters of
carboxylic acids may be dertved from biomass by a transestertfication reaction with the
appropriate alcohol, that is methanol and/or ethanol.  In some embodiments the
oxveengte feed stream comprises fatty acid methyl ester {FAME), although, where a
lower net greenhouse pas emissions effect process s of mcereased importance, processing
of fatty acid ethyl esters {(FAERE) can be advantageous {due to the use of ethanol mstead
of methano! as a transesterification agent).

0060} The renewable feed stream may mclude oxveenated hydrocarbon compounds
that have been produced via the lguefaction of a solid biomass material. In a specific
embodiment the oxvgenated hydrocarbon compounds are produced via a mld
hydrothermal conversion process. such as described in EP 061135646, filed on Mav 5.
2006, In an alternate specitic embodiment the oxvgenated hydrocarbon compounds are
produaced via a mild pyrolysis process, such as described m EP 0611353679, filed on May
3, 20006,

{061} The renewable feed stream may be mixed with an morganie material, for

exampie as a resuit of the process by which they were obtained. In particular, sohd
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described in co-pending application EP 061135810, filed May 35, 2006, These materials
nay subsequently be liguefied m the process of EP 061135640 or that of EP 061135679,
cited herem above. The resulting Hqutd products contain the morganic particles. 1t 1s not
necessary  to remove the morgamie particles from the oxygenated hvdrocarbon
compounds prior to the use of these compounds 11 the process of the present nvention.
To the contrary, it may be advantageouns to leave the morgamc particles i the
oxvegenated hydrocarbon feed, m particular if the morganic matenial 1s a catalvtically
active material. In the alternative the inorganic material may be used as a catalyst carvier.
HHI62 Stmtlarly, the oxveenated hydrocarbon compounds may have been obtamed
pending applicanon EP 061172177, filed Jul. 14, 2006, In this case the oxvgenated
hydrocarbon compounds may contan organic fibers. It mav be advantageous o leave
these fibers in the reaction feed, as they may have catalytic activity. The fibers may also
be nsed as a catalyst carrier, for example by bringing the fibers into contact with a metal

10063} In some emboduments the oxvgenate feed stream 1s dertved from a plant o,
an animal ol or fat, algae, waste o, or a combination thereot. For example, the feed
stream may be chicken fat or sovbean oil, inclading crude (warefined) sovbean oi.

0064} in other emboduments the oxvgenate feed stream 15 obtamned by the
transesterification of Cy 1o Uy carboxylic esters with an alcohol in the presence of a base
catalvsi. In some of these embodiments the oxveenate feed stream comprises fatty acid
methvi esters.

[0065]  The oxyvgenate feed stream can mclade cancla oil, com oil, rapeseed oil,
soybean oil, colza oil, tall ol, sunflower oil, hempseed oil, olive oil, linseed oif, coconut
oif, castor oil, peanut oil, palm oil, mustard oil, cottonseed oil, inedible tallow, yellow
and brown greases, lard, train od, fats m nulk, fish oil, algal o, sewage sludge, ratanjoy
oil, wild castor oil, jangh oil erandi oil, mohuwa oil, karanji honge oil, neem oil, and
mxtures thereof,

10066} n still further embodiments, any of the oxvgenate teed streams discussed
above may further include a co-feed component,  Suitable co-feed components mclude
spent motor oils, spent industrial lubrivants, used paraffin waxes, liguids derived from

the gasification of coal followed by a downstream hiquefaction step, liquids dertved from
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the gasification of biomass followed by a downstream liquefaction step, liquids derived

from the gasification of natural gas followed by a downstream hquefaction step, hiquids

dertved from depolvmernization of waste plastics, synthetic otls, and mixtures theregof.

0867} The polysuifides of mterest mclude those with the formula R-5;-R where R 13
a itnear or branched alkyvl of 2 1o 13 or 3 to 15 carbon atoms and x 18 either an integer
is used.

[0068]  SulfrZol™ 34, gvailable from the Lubrizol Corporation, is an example of a
suitable polysuifide, which may be described by the formula R-S,-R where x can be 4 {or
about 30-50 number percent of the molecules or 3 1o 6 for about 8§0-95 number percent
of the molecules. Trace amounts of molecules where x 15 1, 2, 7, or 8 may also be
present.

{069} 1o some embodiments each R mn the formula above would be a linear or
branched alkyl of 2 to 10 or 3 © 10 carbon atoms, and in some embodiments each R
woudd be a Abutyl group. In some embodiments at least 3%, on a molar basis, of the
polysuifides have R groups that are ~butvi groups.

0070} The amount of polysutfide added to the feed stream would depend on the
specific properties of the feed stream bemg used. In some embodiments one could adjst
the amount of polvsulfide added i order to control the deposi formation m the pre-
heating wmit.  The adjusted amount, found o control deposyit formation, may be
considered the effective amount for the specific feed stream bemg used.  In other
embodimments the polysuifide could be used in amounts such that #t adds at least 10 ppm
or S0 ppm of sulfur to the feed stream, or so it adds from about 20 to about 300 ppm or
even from 50 to 250 ppm of sulfur. In some embodiments the polysulfide could be used
m amounis such that it adds about 50 and 400 ppm or even 73 to about 300 ppm of sulfur
to the feed stream. In stifl other embodiments, the polysulfide itself may be added so
that 1t 15 present at least 100, or even at feast 200, 300, 400 or even 1000 ppm 1 the feed
stream, on a wetght basis. In some embodunents the polysuliide ttself s added such that
it is present at 100 to 1000, 200 1o 800, 300 to 700, 400 to 600, or even 450 to 5530, or
300 ppm i the feed stream, on a weight basis.

The Live of an {roanic Polvsulfide io Redvce Preo-Heatine Unir Foulin
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(0671}  The subject invention also relates to the use of an organic polysulfide in an
oxygenate feed stream to reduce fouling in a pre-reaction heating unit of a
hydroprocessing unit that converts saxd oxygenate feed stream to a hydrocarbon stream
suttable for use as a fuel. The organic polysulfide mav be any of the matenials described
above and may be used m any of the amounts provided.  In some embodiments, the use
of the organic polvsulfide s solely for the reduction of fouling and/or deposit formation
i the pre-heating wut, and 15 not added 1o reduce foulimg and/or deposit formation in the
reaction chamber, to reduce fouling and/or deposit formation on the catalysts used mn the
reaction chamber, or to protect andior restore any sulfur in the catalysts wsed in the
reaction chamber.

1006721 As used heremn, the term “hydrocarbyl substitnent” or "hydrocarbyl group” is
used inits ordinary sense, which 15 well-known to those skilled in the art, Specifically, it
refers to a group having a carbon atom directly attached to the remainder of the molecule
and having predommantly hvdrocarbon character. Examples of hydrocarbvl groups
inchade: hydrocarbon snbstituents, that is, aliphatic (e.g.. alkvl or alkenv}), alicvelic (e.u.,
cyctoatkvl, cycloalkenyl) substituents, and aromatic~, aliphatic~, and alicyche~substituted
aromatc substituents, as well as cvche substituents wherain the g 18 completed
through another portion of the molecule (e.g., two substitnents together Torm a ring);
substituted hvdrocarbon substituents, that s, substiments containing non-hvdrocarbon
groups which, m the context of thus mvention, do not alter the predomimnantly
hvdrocarbon nature of the substituent (e.¢., halo {especially chloro and Hluoro), hydroxy,
atkoxy, mercapto, alkvimercapto, nitro, nitroso, and sulfoxy); hetero substituents, that is,
substituents which, while having a predonunantly bydrocarbon character, in the context
of this mvention, contamn other than carbon tn a rmg or cham otherwise composed of
carbon atoms.  Heteroatoms include sulfur, oxygen, nitrogen, and encompass
substituents as pyndvl, furvl, thienyl and smidazolvl.  In general, no more than two,
preferably no more than one, non-hydrocarbon substituent will be preseni for every ten
carbon atoms m the hvdrocarbyl group; tvpically, there will be no non-hvdrocarbon
substituents in the hydrocarbyl group. As used herein, the term “hydrocarbonyl group”™
or “hvdrocarbony! substituent” means a hydrocarbyvl group containing a carbony! group.
{0073 It is known that some of the materials described above mway interact in the

final formulation, so that the components of the final formulation may be different from
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those that are initially added. For instance, metal tons (of, e.g., a detergent) can migrate
to other acidic or anionic sites of other molecules. The products formed thereby,
including the products formed upon emploving the compeosition of the present invention
m its intended use, may not be susceptible of easy description, Nevertheless, all such
modifications and reaction producis are mceluded within the scope of the present
mvention; the present mvention encompasses the composttion prepared by admixmg the
components descrnibed above.

Exambples

{007 4] This invention is ilhustrated by the following examples that are merely for the
mupose of dlusiration and are not to be regarded as Houting the scope of the vention or
the manner in which it can be practiced. Unless specificallv indicated otherwise, paris
and percentages are given by weight,

10075} The examples described below are evaluated using a laboratory-scale thermal
fouling test with a bot liguid process simulator (HLPS). The laboratory thermal fouling
test is an accelerated test designed to simulate the fouling or coking problems
experienced m refinery or petrochemical processes, mctuding hvdroprocessing units.
The test operating temperature 18 usuaily hgher than those seen i a piant i order 1o
accelerate the simudation and reproduce and evaluate fouling problems m a reasonable
time. For this testing all examples were evaluated using a 6 hour run time. The tests can
be done under mert atmosphere such gs nitrogen or under atr, with air considered to he a
harsher test condition.  The tests can be done by one-pass through or by a recveling
mode. Normally, the tests are done in one~-pass mode but i some cases recveling mode
s used in order to further accelerate the testing as recvele mode 1s considered a harsher
test condition.

10076]  The test procedure includes passing the renewable feedstock through a
anit. The system is pressurized during the test to prevent the fluid from vaporizing in the
heat exchanger. The test proceeds by holding counstant the heat exchanger miernal
surface temperature while montoring the change in the higuid outlet temperature., I
fouling occurs (i.e. a fonling deposit builds up on the surface of the heat exchanger
heating tube) a decrease in the fluid outlet temiperature occurs which corresponds to

fouling charactenistics of the fluid bemng tested.  The degree of change m the
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temperatures can be used to calculate an overall effectiveness of the systemy, that is, the
amount of antifouling prevented compared to the baseline system.  Under the test
conditions here, a higher effectiveness indicates more of the fouling expected (that seen
in the basehline) has been avoided. This antifonling effectiveness is calculated as a
percentage  value relatrve 15 a baseline, wsmyg the followmg formula: Percent
Effectiveness = {ATusce -~ ATex) ATnase where the ATpage 18 the change i outlet

-
AL

temperature seen i the basehne test and ATy 18 the change m outlet temperatare seen in

the test run using the additive matenial,

additve {Additive A} and Examples 3 and 4 are treated with a difterent additive
{Additive B), while Example 1 is an non-additized baseline. Example 2 contams 395
ppm of a dialkyl disulfide (Addinve A}, Example 3 contains SO0 ppm of a mixture of
polvsulfides including di-tert-butyl polvsulfides (Additive B) and Example 4 contains
183 ppm of Additive B.

0078 The feed stock 13 tested using the laboratory-scale thermal fouling test
described above using a nitrogen atmosphere m recyele mode for & 6 hour test run. The
results collected are summuarized in the table below:

Table 1

Exampie |
Dbaseling)

Example 3
{ 300 ppim B)

(393 pput &)

Example 2

Nitrogen
Recyele

| Temperature Change (AT °C)

. o ) .
{ A ettt e R, S S S . A S

b Antifouling Effectiveness (%) NA 23 %% 41394

S ¥
. . ~ :
------------------------------ h---------------------------------------l.-----‘--------- - e e e e e e e e e e e e e e e e e e e e e e o e o oo .o ..o .o .o . e e e e e e e e e e e e e e e e e e e e e o e e o o o o ... .o .o oo e e e e e e e e e e o e e e e e e e e o e e o e o o o o o .o .o .o o o e e e e e e e e e e e e e e e e e e e e e e e o o o o o o o o o o o o

0797 The results show that the antifouling effectiveness of renewable feed stocks
such as chicken fat can be improved by the addition of an organic polysulfide. The
results also show that Additive B i1s more effective than Additive A at reducing toulmng.

Example Set 2

{080 Example Set 2 uses a crude soyv bean od feed stock. The maternial used m
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each example is the same crude soy bean oil material, however Example 3 s treated with
500 ppm of a mixture of polysulfides mcludmg di-tert-butyl polysulfides {Additive B
[0081]  The feed stock 13 tested using the laboratory-scate thermal fouling test
described above using an air atmosphere in recvele mode for a 6 hour test run. The
resulis collected are summarized in the table below:

Table 2

Fetwietwtet et et et et et et et et et et et et ey,

kxampie 5

Exampie 4

{baselme)

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

| Heat Exchanger Temp (°C

| Antifouling Effectiveness (%)

[0082]  The results show that the antifouling effectiveness of renewable feed stocks
sach as a crude sovhean ol can be tmproved by the addition of an organic polysulfide.

[0083]  Each of the documents referred to above 1s fncorporated herein by reference.
Except m the Examples, or where otherwise explicitly mdicated, all numerical quantities
i this description spectfying amounts of matenals, reaction conditions, molecular
weights, number of carbon atoms, and the hike, are to be uanderstood as modified by the
word "about”  Except where otherwise mdicated, all numerical quantities m the
descrrption spectiyimg amounts or ratios of matenals are on a weight basis.  Unless
otherwise indhicated, each chemical or composition referred to herein should be
mterpreted as bemg a commercial grade matersal which may contain the somers, by-
products, derivatives, and other such materials which are normally understood to be
present n the commercial grade. However, the amount of each chemucal component is
presented exciusive of any solvent or diluent o, which may be customarily present in
the commercial material, unless otherwise mdicated. It 18 to be understood that the upper
and lower amouni, range, and ratio limits set forth herein may be mdependently
combined. Sinularly, the ranges and amounts for each element of the wvention can be

used together with ranges or ammounts for any of the other elements. As used herein, the

St -

expression “consisting essentially of" permits the inclusion of substances that do not
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materially affect the basic and novel characteristics of the composition under consider-

ation.
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What 1s claimed s

i A process for producing a hydrocarbon stream suitable for use as a fuel from g
renewable feedstock, wherem sard process comprises: feedmg an oxvgenate feed stream
to a pre-reaction heating unit wherein an organic polysuliide 15 added to the oxvgenate
feed stream before 1t enters the pre~-reaction heating anit i order to reduce fouling m saxd

pre-reaction heating unit,

2. A process for producmg a hydrocarbon stream suitable for use as a fuel from a
renewable feedstock, wherein said process comprises:

a) feeding an oxvgenate feed stream o a pre-reaction heating unit;

b} feeding said feed stream 1o a hvdrotreatment reaction zong;

¢} contacting the feed stream within the hydrotreatment reaction zone with a gas
comprising hydrogen under hydrotreatment conditions;

d) removing a hydrotreated product stream; and

¢} separating from the hydrotreated product stream a hvdrocarbon stream suitabie
for use as fuel;

wherem an organic polysulfide 15 added to the oxvgenate fead siream betore i

enters the pre-reaction heating unit in order to reduce fouling 1 sard pre-reaction heating

.
3. The process of anv of the claims 1 to 2 wheremn said oxygenate feed stream is

derived from a plant oil, an animal oil or fat, algae, waste oll, or a combination hereof,

4, The process of any of the clamms 1 10 3 wherein said oxveenate feed stream 18
obtained by transesterification of Cs to Cig ca;rbc}wiic esters with an alcohol in the

presence ot & base catalyst.

3. The process of any of the claims 1 to 4 wheremn said oxvgenate feed stream

comprises fatty acid methyl esters.
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. The process of any of the claims 2 to 5 wherein said hvdrocarbon stream

recovered after step e} 1s a diesel fuel.

7. The process of any of the claims 2 o 6 further comprising feeding a petroleum

derived feed stream m the reaction zone wiath the oxygenate feed siream.

8. The process of any of the clanms 1 to 7 wherein the oxvgenate feed stream
compirises at least one component selected from the group consusting of canola oil, com
o, 3oy oil, rapeseed o, sovbean oil, colza .{:si.':‘ié:,._., tall oil, sunflower oil, hempseed o1l . olive
o, fnseed o, coconut oif, castor ail, peanut oil, palm oil, mustard oil, cottonseed oil,

&

medible tallow, vellow and brown greases, {ard, tramn oil, fats in nulk, fish o1, algal oil,

)

sewage sludge, ratanjoy o, wild castor oil, jangh ol erand: oif, mohuwa oil, karang

honge otl, neem oil, and mixtures thergof

9. The process of any of the claims | to 8 wherein the oxyeenate feed stream further
comprises at least one co-feed component selected from the group consisting of spent
motor otls, spent mdustnial lubricants, used parafttin waxes, hquds denved from the
aastiication of coal followed by a downstream fiquelaction step, higuids derived trom the
gasification of biomass followed by a downstream higuefaction step, hquids derived from
the gasification of natural gas followed by a downstream lguetaction step, liguids

derived from depolvmerization of waste plastics, synthetic oils, and mixtures thereof

0. The process of any of the claims 1 to ¥ wheremn said organic polysulfide
comprises a compound of the formula R-S-R where R is branched alkyl of 3 to 15

carbon atoms and x is an nteger between 1 and 8.

11, The process of any of the claims | to 10 wherein said organic polysulfide
comprises a compound of the formula R-5-R where R is branched atkyl of 3 to 15

carbon atoms and X 15 an integer between 3 and 8.

12, The process of any of the claims 1 to 11 wherein said organic polysulfide

comprizes a mixture of compounds each having the formua R-5:-R where R 13 branched
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alkyl of 3 to 15 carbon atoms and x Is an integer between | and §.

i3 The process of any of the clamms 10 fo 12 wherain R 15 3 branched alkyl group

contaming from 3 to 10 carbon atoms.

t4.  The process of any of the clamms 10 to 13 wherein at least 50% of the R groups of

satd organic polvsalfide are tert-butvl groups.

IS, The process of any of the claims 1 10 14 wherein said orgamic polysulfide s
added m an amount of at least 100 or 1O ppm based on the weight of saxd oxvuenate

fead stream.

16, The use of an organic polvsulfide m an oxvgenate feed stream to reduce fonling
n a pre~reaction heating unit of a hvdroprocessing unit that converts said oxyvgenate feed

stream to a hvdrocarbon stream suitable for use as a fuel.
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