REDUCING PRESSURE DROP BUILDUP IN
BIO-01L HYDROPROCESSING REACTORS

FIELD

(G061 This technology refates generalty o the field of renewable fuels and

chemicals. More particularly, the technology relates to hydroprocessing of bio-oils and

mitigating pressure drop buildup in bio-oil hydroprocessing reactors,

BACKGROUND

[0002] Fixed bed reactors are commonty used in the refinmg and chemical
mdustries for chemical conversion operations. T

packed therein. The feed typically fows down through the reactor where it comes into
contact with the catatyst and undergoes the desired conversion reactions, When these
invaolve reaction with hydrogen (Haj, the term hydroprocessing or hydroconversion 1§

used.

HOO03T Hydroprocessing reactions include addition of hivdrogen (Ha) to 2 feed
molecule o achieve reduction chemistry (hvdrogenation) and can also mvolve cleavage of
the molecule (“destructive hydrogenation” or hvdrogenolysis). Hydrogenation reactions
melude saturation of carbon-carbon double bonds (e.g. conversion of olefins to paraftins;
benzene rings to cyclohexane rings) and functional group transtormations (e.g. conversion

of aldehydes o alcohols: nitre compourds (o amines).

(00041 Examples of hydrogenolysis reactions include conversion of organo-subfur
compounds such as mercaptans (o paraffing and hydrogen sulfide. wherem the sulfur atom
15 cleaved off the feed molecules. Other examples melude conversion of organo-nitrogen
compounds and organo-oxvgen compounds (also referred 1o as oxygenatesy to
hrydrocarbons, wherein the mitrogen and oxvgen atoms in the feed molecules are cleaved as
ammonia and water/carbon oxides, respectively. In the refining industry, this class of
hydroprocessing reactions is referred to as hydrotreating. Hyvdrotreating resctions are
typically used 1o remove heteroatoms such as sulfur, nitrogen. and oxygen from

hydrocarbons. Depending on the heteroatom removed, the hydrotreating operation may be



referred 10 as hydrodesulfurization (HDS), hvdrodesxvgenation (HDO}, or

hvdrodentirogenation (HDN).

(06657 Other hydroprocessing reactions include hydocracking, wherein a large
feed molecule breaks into smaller molecules, and hvdroisomerization, wheren a straight-
chain molecule 18 converted 1o a branched molecule of substantially the same average
malecutar weight and a similar boiling point range. More than one hydroprocessing
reszetion may take place at the same tinte i the presence of a single catalyst, When the
goal is improving the quality of a fuel stock {e.g. mmprovement of emission characterssiics,
low temperature flow properties, or thermo-oxidative stalnlity), hvdroprocessing

operations are also referred 0 as “upgrading.”

100061 Although most hydroprocessing deals with upgrading of petroleum
fractions, its use in biofuel production processes has attracted much interest over the past

several years,

160071 During hvdroprocessing of both petroleum fractions and bio-oils, the
pressure drop across the fixed bed reactor nses with time on stream, Without being bound
by theory, this is believed 10 be due to depositon of solids present in the feed as well as
the deposition of solids formed during thermal and/or chemical conversion of the liguid
feed. Examples of the former include suspended solids that were not filtered upstream of
the reactor or sofids that drop out of solution, while the latter includes coke and
polvmerization products. In either case. as solids fill the reactor void (fouling the reactor,
henice the term “foulamt™) the pressure drop nises. The foulant produced by petroleum
hydroprocessing cannot be removed through use of an organic solvent or other dispersing
agent. Once the maximum safe operating pressure drop is reached, the reactor needs to be
shut down and the deposits skimned (physically removed from the reactor when

accumnuiating at the top) or the catalyst replaced (even 1f the catalyst is still active).

OGO There are various options for mitigating fouling and pressure drop in fixed
bed hvdroprocessing reactors. One such option includes grading the bed with several

Javers of catalvst/inert media, withy the Jargest on top and smaliest m the bottom.  Instead
of concentration of the sohids in the top secnion of the reactor resulting m 2 more rapid
pressure drop increase, by grading the bed the solids tend to spread out within the graded

seciion of the reactor.



F0009] Another option involves using a fixed bed reactor media in the form of
wagon wheels, Raschig rings, and other shapes having high void fractions (“high void”
means typically 50% or higher void fraction). Reactors containing top layers of these
media can hold more solids before reaching the pressure drop limit. These high void
media, including high void/low activity catalysts (e.g. “active rings™), may be graded to
provide systems achieving significantly longer pressure drop limited run lengths. “Low
activity catalysts” are those catalysts with less than 5 wt% of the active catalytic metal.
Some of the top bed grading media contains internal macro-porosity capable of capturing
very fine particulates that can nonetheless agglomerate within the fixed bed reactor void

space and cause pressure drop issues.

[0010] An internal bypass apparatus for fixed bed reactors is another option. The
bypass can include pipes which allow a hydrotreater feed o bypass the fouled section of
the reactor so that nothing runs through the fouled section. The pipes can be equipped
with rupture disks that burst open when the pressure drop reaches a value just below the

operating hmit, thus extending run length.

[0011] Although the above pressure drop mitigation methods and equipment can
be useful for hydroprocessing reactor feeds comprising bio-oils, additional methods more

suitable for solid deposits characteristic of bio-oils are desirable.

SUMMARY

[0011a] In one aspect, there is provided a method comprising reducing a pressure
drop across a hydroprocessing reactor having
a reactor feed and producing a hydroprocessing product, wherein:
the reactor feed comprises a bio-oil feed and a hydrocarbon diluent at a
volumetric ratio of hydrocarbon diluent to bio-oil feed from about 1:1 to
about 3:1;
reducing the pressure drop is performed after a rate of pressure drop increase in
the hydroprocessing reactor is about 0.1 psi/hr;

reducing the pressure drop comprises



supplying a volumetric ratio of hydrocarbon diluent to bio-oil feed of at
least about 10:1 to the reactor to generate a mass flux of at least about
1,000 Tb/hr/ft’;
and

re-establishing the volumetric ratio of hydrocarbon diluent to bio-oil feed
from about 1:1 to about 3:1 once a rate of pressure drop decrease is

below about 0.1 psi/hr.

[0012] In one embodiment, a method is provided comprising reducing a pressure drop
across a hydroprocessing reactor having a reactor feed and producing a hydroprocessing
product, where the reactor feed includes a bio-oil feed and a hydrocarbon diluent; and the
step of reducing the pressure drop includes stopping or substantially reducing the bio-oil

feed supplied to the hydroprocessing reactor and supplying the hydrocarbon diluent to the
reactor to generate a mass flux of at least about 1,000 lb/hr/ft®. In some embodiments, the
mass flux is from about 1,000 Ib/hr/ft* to about 10,000 Ib/hr/f. In some embodiments,

the mass flux is at least about 2,000 Ib/hr/ft*. In some embodiments, the hydrocarbon

diluent comprises the hydroprocessing product of the hydroprocessing reactor. In some

embodiments, the bio-oil feed supplied to the reactor is substantially reduced.
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(00131 In some embodiments, the reduction of the pressure drop is performed after
10G to 10,000 reactor volumes of bio-oil have been processed. In some embodimenis, the
reduction of the pressure drop 1s performed after the rate of AP increase is about 01 psishy,
In some embodiments. the method s performed periodically,. In some embodiments, the
periodie reduction of the pressure drop s performed after about 2 davs 1o about 12 months

since either the start of hvdroprocessing or the last reduction of pressure drop.

(G014} in some embodiments, substantially reducing the hio-oil feed includes
supplving the hydrocarbon diluent to the hvdroprocessing reactor at a volumetric ratio of
at feast 1001 of hydrocarbon diluent 1o bio-oil. In some embodiments, substantially
reducing the bio-oil feed meludes supplying the hydrocarbon diluent to the
hydroprocessing reactor at a volumetnic ratio of at feast 13:1 hydrocarbon diluent 1o bio-
oil. In some embodinients, the hydrocarbon diluent 1s supplied al a temperature of abouwt
400 °F to about 800 °F, In some embodiments, the bydrocarbon diluent has a boiling point
range of about 300 °F to about

800 "F. in some embodiments, the step of reducing the pressure drop does not interrupt

production of the hvdroprocessing product.

[G1s} In some embodiments. the big-oil includes a lipid, a carboxyiicacid, a plant
oil, animal fat, algal o1l, a distillate from the fermentation of sugars, a hquid fraction
derived from the fast pyrolvsis of biomass, or a mixture of any two or more thereof, In
some embodiments, the plast oil or animal fat contains nitrogen, sulfur. or phosphorus
from about .1 wppm to about 30,000 wppm. In some embodiments, the bio-oil

comprises a hauid fraction from the fast pyroivsis of biomass. In some embodiments, the

liquid fraction s derived from ground wood, ground swiltch grass, or combinations thereof.

[0016] In some embodiments, the hvdroprocessing reactor comprises a graded bed.
In some embodiments, the graded bed comprises high void and high macro-porosity
media. In some embodiments, the graded bed comprises a catalvst that includes Co, Mo,
Ni, Pt Pd, Ru, W, NiMo, MW, CoMo, or combinations of any two or more thereof. In
some embodiments, the reactor feed further includes a hydrogen gas. In some

1

embodiments, the hvdroprocessing reactor performs at least some hydrodeoxygenation,



[0016a] In another aspect, there 1s provided a method comprising reducing a pressure
drop across a hydroprocessing reactor having a reactor feed, wherein:
the hydroprocessing reactor produces a hydroprocessing product;
the reactor feed is at a temperature from about 550° F. to about 750° F. and is
produced by at ieast combining
a bio-oil feed at a temperature of about 100° F. to about 350° F.; and
a recycled hydroprocessing product of the hydroprocessing reactor at a
temperature of about 550° F. to about 800° F;
wherein the volumetric ratio of recycled hydroprocessing product to bio-oil feed
1s from about 1:1 to about 3:1;
reducing the pressure drop is performed after the theoretical void fraction drops
below 26% and comprises
supplying a volumetric ratio of recycled hydroprocessing product to bio-oil feed
of at least about 10:1 to the reactor to generate a mass flux of at least about
2,000 Iv/hr/f’; and
re-establishing the volumetric ratio of hydrocarbon diluent to bio-oil feed from
about 1:1 to about 3:1 once a decrease in pressure drop is in the range from
about 10% to about 99%.
[0016Db] In yet another aspect, there is provided a method comprising reducing a
pressure drop across a hydroprocessing reactor having a reactor feed and producing a
hydroprocessing product, wherein:
the reactor feed comprises
a bic-o0il feed and a hydrocarbon diluent at a volumetric ratio of hydrocarbon diluent
to bio-oil feed from about 1:1 to about 3:1; and
the bio-oil comprises a plant o1l, animal fat, or both;
reducing the pressure drop is performed atier a rate of pressure drop increase in the
hydroprocessing reactor is about 0.1 psi/hr;
reducing the pressure drop comprises
stopping the reactor feed to the hydroprocessing reactor and supplying the
hydrocarbon diluent to the hydroprocessing reactor to generate a mass flux of
about 1,000 Ib/hr/ft” to about 10,000 Ib/hr/ft’; and
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re-establishing the supply of reactor feed once a decrease in pressure drop is in the

range from about 10% to about 99%.

[0017] In an embodiment, a method is provided that includes the step of reducing a

pressure drop across a hydroprocessing reactor having a reactor feed, where the
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hydroprocessing reactor produces a hydroprocessing product; the reactor feed isata
temperature from about 330 °F to about 750 “F and is produced by at jeast combining 2
bio-oil feed at a temperanyre of about 100 °F to about 350 °F and a recycled
hydroprocessing product of the hydroprocessing reactor at a temperature of about 350 °F
(o about K00 "F) the step of reducing the pressure drop includes substantially reducing the
hiv-o0il feed supplied to the reactor and supplying the recycled hydroprocessimg product to
the reactor o generate a mass flux of at least about 2,000 th/mr/ft; and where the step of
reducing the pressure drop is performed after the theoretical void fraction drops below 26

(L)
S8

00181 Utilizing the present fechnology. it has surprisingly been observed that the
reactor pressure drop is reduced by up to about 80%. The methods of the present
technology may be repeated several times during the reactor run, significantly extending

the run length.
BRIEF DESCRIPTION OF THE DRAWINGS

[6019] FiG. 1 depicts an exemplary process schematic of a bio-otl hydroprocessing
reactor system wherein pressure drop buildup therein is lowered, according to an

embodiment of the technology.

G207 FIG. 2 1s a graph showing pressure drop reduction as a function of time,

according to the Examples.
DETAILED DESCRIPTION

(00217 Various embodiments are described heremafter. it should be noted that the
specific embodiments are not intended as an exhaustive description or as a Hm#tation to
{he broader aspects discussed herein. One aspect described in conjunction with 2
particuiar embodiment is not necessarily Himited to that embodiment and can be practiced

with any other embodiment(s).

HO022] As used heremn, “about™ will be understood by persons of ordinary skill in
the art and will vary to some extent depending upon the context in which it 15 used. If

there are uses of the term which are not clear 1o persons of ordinary skill in the art, given



the comtext in which 1t 1s used, “about™ will mean up 1o plus or minus 10% of the

particular term.

0023 The vse of the terms “a” and “an” and “the” and similar referents in the
context of describing the elements (especially m the context of the following clarms) are (o
be construed 1o cover both the singular and the plaral, unless otherwise indicated herein or
clearly contradicted by context, Recitation of ranges of values herein are merely mtended
to serve as a shorthand method of refernng individually to cach separate value falling
within the range, unless otherwise mdicated heren, and each separate value 1s
mcorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise inchicated herem
or atherwise clearly contradicted by context. The use of anv and all exampies, or
exemplary language (e.g., “such a8”) provided heremn, 15 miended merely to better
illuminate the embodiments and does not pose & limitation on the scope of the claims
unless otherwise stated. No language in the specification should be construed as

indicating any non-chaimed clement as essential,

[G024] The term “mass Gux” will be understood (o mean the total mass fow rate
of Hguid through a reactor divided by the cross sectional area of the reactor and will be

. . . ~ co 2
described hevein in units of ibvhe/ it

(0025 The present technology provides systems and methods for reducing
pressure drop buildup in a bic-0il hydroprocessing reactor as well as maimtaining pressure
drop. In the upgrading of petrolewm products, pressure drop butidup 15 caused by foulanty
filling the reactor voud. In petreleuwm products, the bed must either be bypassed or the
reactor shut down and the foulants physically removed from the reactor: the foulants
cannot be removed throuzh use of a diluent or other dispersing agent run through the
reactor. I contrast to petroleum hyvdroprocessimg, the current technology employs a
hvdrocarbon difuent to remove or redisperse the foulant from an operational reactor.
Utifizing the present technology, it has been observed that the reactor pressure drop 1s
reduced by up to about 80%. The methods of the present technology may be repeated
several times during the reactor run, significantly extending the run length. Moreover, the

present techuology allows for hyvdroprocessing to continue while pressure drop is reduced



ity the reactor, an option not available for pressure drop buildup in petrolenm

hvdroprocessing.

[0026] Pressure drop refers to the difference in pressure (AP) across the reactor
bed from where a feed first makes contact to where the unreacted feed and/or product exits
the reactor bed. Pressure drop buildup thus refers to the increase in the pressure drop over
time across a reactor bed, i.¢. an increase in the difference i pressure from where a feed
first makes contact 1o where the unreacted feed and/or product exits the reactor bed. As
used herein, the term “reduction of pressure drop™ or “pressure drop recovery” refers to
the lessening of the difference i pressure acrogs a reactor bed. Reduction of pressure
drop buildup thus refers to lessening a differcnce m pressure that has increased from the

reactor start of run (SOR) condition,

[eo27] The relationship between pressure drop and a fixed bed reactor’s packing
properues and flow conditions is given by correlations such as the Ergun equation,
described i many Chemical Engineering Unit Operations text books {e.g. Octave
Levenspiel, Engineering Flow and Heat Exchunge, Plemum Press: New York, 1986;
o>

Chapter 63, Varizbles such as void fraction ¢, flow rate. fluid densiiv/viscosity, and

!
narticle size, all affect pressure drop (AP Pressure drop (AP 18 particularly sensitive to

vord fraction: AP s proportzonal to [1-8]7/¢

For example. as a Tixed bed reactor
containing a typical three-lobe hydroprocessmg catalyst becomes fouled with solid
deposits, the theoretical void fraction decreases from 42% (clean) to smaller vord fractions
causing an essentially linear increase in AP, It should be understood that an essentially
Wrear increase in 48 can be approximated by the formula Y = mX + b where Y = 4P, X =
time, m = the rate of change which is a real number and b 1s the value for Y when X = ()
and a sguared correlation coetficient of > 0.8, Once the theoretical void fracton drops
below ahout 22%:, AP starts to rise exponentiatly, assumimg no chanze in feed composition
ard reactor inlet conditions. The void fraction left i a reactor can be determined by
evaluating the rate of change of AP over time: when the AP trend 1% no longer essentially
limear, then the theoretical void fraction has dropped to at least about 22%. Thus, such an
imcicator can be used o derermine when implernentation of the present methods are most

applicable, desirable, or needed.
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(00283 In one aspect, a method 1s provided comprising reducing a pressure drop
across a hvdroprocessing reactor having a reactor feed and producing a hydroprocessing
sroduct, where the reactor feed includes a bio-oi] feed and a hydrocarbon dituent; and the
siep of reducing the pressure drop includes stopping or substantially reducing the bio-o1]
feed supplied 1o the hydroprocessing reactor and supplying the hydrocarbon diluent to the
reactor 1o generate a mass flux of at least about 1,060 lo/hesft shrough the hydroprocessing
reactor. Such a method 1s herein termed “hydrothermal weating.” In some embodiments,
the reactor feed 1s at a temperature {rom about 400 °F to about 800 “F. The reactor feed
may be at a temperature of about 450 °F, about 500 °F. about 550 °F, about 600 °F, about
630 °F. abowt 700 7F, about 750 °F, and ranges between any two of these values or above
any one of these values, In some embodiments, the bie-o1l is at a temiperature {Fom about
00 °F o about

350 °F. The bic-oil may be at a temperature of about 120 °F, about 140 °F, about 160 °F,
about 180 °F. about 200 °F, about 226 °F, about 240 °F | about 260 °F, about 280 "F, about
300 °F, about 326 °F, about 340 °F, and ranges between any two of these values or above
any one of these values, In some embodiments, the bio-oil feed supplied to the reactor i
substantially reduced. In some embodiments, the reactor feed further includes hydrogen
gas, In some embodiments where the reactor feed mclude hvdrogen gas, the hydrogen gas

may be dissolved m at least the hydrocarbon diluent, at least the bio oil, or both.

160261 The term bio-oil 18 used to refer to any biomass or biomass derivative that
is in liguid form when introduced to the fixed bed reactor. Bio-oils can thus include hipids,
carboxylic acids, plant oils, animal fats. algal oils, distiliates from fermentation of sugars.
and houid fractions derived from pyrolysis of woody biomass. As such. depending upon
the source, bio-oils include bio-derived hydrocarbon fractions, fatty acids (c.g. oleic acid.
paimetic acid}, fatty acid esters (e.g. alkyl esters or glyeerides of the fatty acids), shorter
carboxyhe acids (e.g. acetie acid and formic acid), and other oxygenates such as
hvdroxvyacetaldehyde, acetic acid, acetol, and phenolics. Bio-oils are ofien charactenzed
by their oxygen content: whereas conventional pefrochemical feedstock such as crade oil.
coal, and natural gas are hvdrocarbons with typically less than 2 wi %% total heteroatoms,
bie-oils may contain between about 10 wt % and about 40 wit % oxygen. Since
exygenated compounds have lower heating values than hydrocarbons, a primary objective

of bio-oil hyvdroprocessing for manufacture of Tuel products 3s deoxyvgenation.  However,

o
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bio-oils may also have less than 2 wit% total heteroatoms, depending on the sources of the
bio-oil. Additionally, bio-oils typically cannot meet many fuel specifications such as
oxidative stability, water and sediment, copper strip corrosion, ash, and cloud pomt, unless
hvdroprocessed. Simitarly, bio-oils derived by fast pyrolysis of wood chips or swiich
grass do not meet motor fuel specifications unless hydroprocessed. In fact, without
hydroprocessing, these bio-oils have poor stability {e.g. they become more viscous with

time) which limits transportation and storage opiions.

[6030] The bio-oil may be a fatty acid/glyveeride containing composition from a
feedstock such as taliow, lard, poultry fat/oil, used cooking oil, yellow grease, algae oils,
camelina oil, cancla ofl, castor oil, coffee oil, comn oil, fish oil, hemp oil, Jatropha oil,

palm oil, sovbean oil, it oil, tall oil fatry acid, otls from halophiles (1.c. salt water plants
like seaweed), or a combination of any two or more thereot. The bio-o1l may comprise a
composition rich in oxygenated organic compounds derived from fast pyrolysis {including
hydro-pyrotysisy of biomass, The source of the pyrolysis-derived bio-oil may be straw,
bagasse, nut shells, switch grass, barks of spruce, birch, poplar and other trees, or a
combination of any two or more thereof. Pyrolysis of woody biomass includes processes
such as fast pyrolysis of ground wood or switch grass tn a fludized bed reactor system
comprising circulating sand and/or catalyst, In such reacror systems, the circulating solids
media provide the heat for the endothermic pyrolysis reactions. These biomass “cracking”
reactions rypically oceur at temperatures above 800 °F under an oxygen-free atmosphere
thus converting lignocellulose into various hydrocarbons and oxvgenates. In some
embodiments, the bio-oil comprises a Hauid fraction from the fast pyrolysis of biomass.

In some embodiments, the Haguid fraction is derived from ground wood, ground switch

grass, or combmations thereof.

F0G31 The bio-cil can further contain from about 0.1 wppm to about 3 wt %
nitrogen, sulfur, or phosphorus: from about &1 wppm to about 1wt % metals (such as iron
and those from Groups | and [1 of the peniodic table): and from about a 0.01 wt % percent
1o about

30wt % water and sedimenis/solids. In some embodiments, the plant oil or animal fat
containg nitrogen. sutfur, or phosphorus from about | wppm 10 about 36,000 wppm, In
sotme embodiments, the plant oil or antmal fat contams nitrogen, sulfur, or phosphorus

from about 10 wppm to about 30,000 wopm. In some embodiments, the plant oil or

9



animal fat contains metals from about (.1 wppm to about 1 wi%. In some embodiments,
the plant oil or animal fat contains metals from about 1 wppm to about 1 wi%. Depending
on the source of the bic-oil, the solids pregsent therein mclude hignin, feather, protem, wax.

and plastic {e g shredded polvethviene packaging). It should be noted that a fracuon of

o

some of these solids may be dissolved and/or solubilized (e.g. as colloids) in the bio-oil,

and thus be difficult to remove or redisperse by conventional filiration methods and

apparatus,

1O0321 The present technology utilizes a hydrocarbon diluent to gencrate a mass
flux of at least about 1,000 th/hy /it in order o convert, and/or remove, and/or redisperse
the foulant. Thus the present rechnology avoids shutting down the reactor, or using
rupturing disks to bypass a fouled section. Instead, the present technology operates under
similar conditions to the hydroprocessing in order to reduce the pressure drop buildup. In
fact, the present technology allows for, but does not require, hydroprocessing (o continue
in a reactor while pressure drop 15 reduced in the same reactor, In some embodiments, the
mass fux s from about 1,000 I/hre/T t to about 10,000 ib;‘i‘ﬂ"x"fﬁ In some emb(_)cii;:ﬂenm,
the mass flux is from about 1,000 Ib/he/f7 to about 9,000 Ih/he/ 7, about 1,000 ih/hr/fe to
about 8.000 Ih/r/f7, ahout 1,000 Ih/hrAY 1o about 7.000 ib/hy 7 about |L000 Ihihr/ft o
about 6 000 Ih/he/t, or about 1,000 Ib/he/ft to about 5.000 b/, In some
embodiments. the mass flux is at least about 2,000 Ib/be/ft’ . In some embodiments, the
mass fux s from about 2,000 1b/An/ft’ o about 10,000 tb/hr/ . In some embadiments,
the mass flux is from about 2.000 /e o about 2,000 Ih/he/f”, about 2,000  Ib/hrift” to
about 000 Ib/hr/ft, about 2.000 16/ to about 7,000 fh/hr/(t, about 2,000 Thihr/fc to
about 6,000 Ih/he/f ., or about 2.000 I/he/f 1o about 5,000 thihy/ fi’. iIn some

embadiments, the mass fluc s at least about 2,500 Ih/hrife

(0033 fy some embodiments, the hvdrocarbon diluent comprises a recyeled
product of the hydroprocessing reactor. In some embodiments, the hydrocarbon diluent is
supphied at a temperature of sbout 400 °F to about 800 °F. The hydrocarbon diluent may
be supplied at a temperature of about 450 “F. about 500 °F about 350 °F. about 680 °F,
about 650 °F. shout 700 “F, abour 750 °F. and ranges between any two of these values or
ahove any one of these values, In some embodiments, the hydrocarbon diluent has ¢
hotling point range of about

00 °F to about 00 °F. The boiling poird of the hvdrocarbon diluent may be about 356G °F.



about 400 °F, about 450 °F, about 300 °F, about 550G °F, about 640 °F, about 650 °F, about
700 °F, about 750 F, and ranges between any of these values or above any one of these
values. Insome embodiments, the hydrocarbon diluent comprises paraffing in the ©

Cha range. Iy some embodiments, the hvdrocarbon diluent comprises n-parafting m the

Chy to Coy range.

16034 ] in some embodiments. the reduction of pressure drop 1s pertormed after
about 100 to about 10,000 reactor volumes of bic-oil have been processed. In some
embodiments, the reduction of pressure drop 1s performed after about 206 to about 9,000,
about 200 1o zhout 8000, about 20§ to about 7000, about 2060 to abow 6,080, about 200 10
about 3,000, or shout 200 to about 4,000 reactor volumes of bio-o1l have been processed.
I some embodiments, the reduction of the pressure drop 1s performed after about 300 to
about 3,000 reactor volumes of big-oi! have been processed. In some embodiments, the
reduction of the pressure drop s performed after the theoretical void fraction drops below
about 30 %, In some embodiments, reduction of the pressure drop is performed after the
theoretical void fraction drops below

26 %, In some embodiments, the reduction of the pressure drop 1s performed atter the
theoretical voud fraction drops below about 22 %, In some embodiments, reduction of the
nressire drop is performed after the theoretical void fraction drops below 18 %, In some
embodiments, the reduction of the pressure drop 1s performed after the rate of AP increase
is about 0.1 psi/hr. In some embodiments, the reduction of the pressure drop 1s performed
after the rate of AP increase 15 about G.25 pst/hr. in some embodiments, the reduction of
the pressure drop s performed afier the rate of AF imcrease 1s about 0.5 psv/hr. In some
embodiments, the reduction of the pressure drop 18 performed after the rate of AP increase
is about 0.75 psifhr. In some embodiments, the reduction of the pressure drop s

performed after the rate of AP mcrease s about | psi/hr.

(00351 In some embodiments, the method produces an overall AP decrease from
about 10% to ahout 99%. In some embeodiments. the method produces an overall AP
decrease Trom about 25% to about 99%, from about 30% w0 ahout 99%. from about 35 %
0y ashout 99%,., rom about 40% 1o about 9%, from sbout 43%; to about 99%, or from

about 50% to about 99%,. In some embodiments, the method produces an overall AP

decrease from about 20% fo about 93%, from sbaut 20% w about 90%, or from abow

20% 1o ahout 85%, or from about 20% 1o about 80%. In some embodiments, the method

[



produces an overall AP decrease from about 25% to about 80%, from about 30% 1o about
809, from about 35 % to about 80%, from about 40% to about 80%. from about 45% to
about 80%. or from about 50% to about 80%, The overall AP decrease may be greater

than any one of these recited values for the overall AP decrease.

(0036] In some embodiments, the reduction of the pressure drop 18 performed
periodically. In some embodiments, the periodic reduction of the pressure drop is
performed after about 2 days to about 2 weeks since either the start of hydroprocessing or
the last reduction of pressure drop. In some embodiments, the periodic reduction of the
pressure drop is performed after about 2 weeks to about 4 months since either the start of
hydroprocessing or the last reduction of pressure drop. In some embodiments, the periodic
reduction of the pressure drop s performed after about 4 months since either the siart of
hydroprocessing or the last reduction of pressure drop, The periodic reduction of pressure
drop may occur at

2 months, at 4 months, at 6 monihs, at 8 months, at 10 months, at 12 months, or any range

between any two of these values or greater than any one of these values.
[3037] In some embodiments, substantially reducing the bio-oil feed includes

supplying the hydrocarbon diluent to the reactor at a volumetric ratio of at least 10:1 of

hvdrocarbon diluent to bio-oil. In some embodiments, substantially reducing the hio-oil
feed includes supplving the hydrocarbon diluent to the reaetor at a volumetric rauo of at
least 15:1 hydrocarbon diluent to bio-oil. In some embodiments, the step of reducing the

pressure drop does net interrupt production of the hydroprocessing product.

(30G38] In some embodiments, the hyvdroprocessing reactor comprises a graded bed.
In some embodiments. the graded bed comprises high vord and high macro-porosity
madia. High void means at least about 50% or higher void fraction; the term “high macro-
porosity” means the media includes pore diameters greater than 100 nm. in some
embodiments, the graded bed comprises a catalyst that includes Co, Mo, Ni, Pt Pd, Ru,
W. NiMo. NiW, CaMo, or combinations of any two or more thereof. In some
embodiments, the graded bed comprises a catalyst selected from the group consisting of

NiMo, CoMo, and combimations thereof.

[B039] I an aspeet, a2 method s provided that inchudes the step of reducing 4

pressure drop across & hvdroprocessing reactor having a reactor feed, where the
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hvdroprocessing reactor produces a hydroprocessing product: the reactor feed is at a
temperature from about 550 °F to about 750 °F and 1s produced by at least combining a
big-oil feed at a temperature of about 100 °F to about 350 °F and a recvelec
wdmpimu%ww product of the hydroprocessing reactor at a temperature of about 550 F
to about 800 °F; the step of reducing the pressure drop inchudes substantially reducing the
bio-oil feed supplied to the reactor and supplving the recyeled hydi_‘(};aroccssin o praduct to
the reacior to generate a mass flux of at least about 2,000 Ib/hr/ft’; and where the step of
reducing the pressure drop is performed after the theoretical void fraction drops below 26
%. The reactor feed may be at a temperature from about 450 °F, about 500 °F, about 550
"k, about 600 °F, about 656 °F, and ranges between anv two of these values or above any
one of these values. The bio-oil feed may be at a temperature of about 120 °F, about 140
% about 160 °F, about 180 °F. about 200 °F, about 220 °F, about 240 °F, about 260 °F,
about 280 °F_about 300 °F, about 320 °F, about 340 °F. and ranges between any two of
these values or above any one of these values. The recycled hvdroprocessing product may
be supphied at a temperature of about 600 °F, about 650 °F, about 700 °F, about 750 °F,
arwd ranges between any two of these values or above any one of these values, The botling
point of the recveled hydroprocessing product may be about 350 °F. about 400 °F| sbout
450 °F, sbout 300 °F, about 550 °F, abour 600 "F, about 650 °F, about

700 °F, about 750 °F, and ranges between any of these values or sbove any one of these

v lues,

[ 004601 Now, aming to the figures, a hydroprocessing system with two fived bed
reactors, according to an embodiment of the present technology, is llustrated in FIG. L
The hvdroprocessing system has two fixed bed reaciors, a first reactor 116 and a second
reactor 126, A bio-oil 1s split into a fivst stream 112 directed to the first reactor 116, and a

second stream 127 directed 1o the second reactor 126,

0641] The bio-oil first stream § 12 1s combined with a heated hydrocarbon diluent
P10 1o form a first reactor feed 14, The heated hydrocarbon dituent 110 15 formed from a
hydrocarbon dituent 102 and a hvdrogen-rich gas 104, combined to make a hvdrogen-
containing gas 106 prior to heating n a heater 108, The volumetric ratio of hydrocarbon
diluent 102 to the bio-oil fivst stream 112 is from about 0.5:1 to about 1011, about 0,511 to
about &1, about 0.5:1 to about & 12 or about 0.5:1 to abowt 5:1. In some embodiments, the

volumetric ratio 15 from about 111 o about 1(:1, about 11 to about &1, about 1:1 to about
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6:1:. or ahout 111 to ahout 5:1. In some embodiments, the volumetric ratio i from abowt

i1 o about 301

[0042] The hydrogen-rich gas 104 contains from about 76 mol % to 100 mol %
hvdrogen. In some embodiments, the hydrogen-rich gas contains about 75 mol % 1o about
98 mol % hydrogen. The hydrocarbon diluent 102, the hydrogen-rich gas 104, the

&

1

hydrogen-containing gas 106, the heated hydrocarbon dituent 110, the bic-oif first stream
112, and the first reactor feed 114 are at pressures in the range of about 500 psig to about
4,600 psig. The heater 108 may be a single shell and tube heat exchanger. or
combinations of exchangers in series. in parallel, or both. with the heating source g utility
streant {e.g. hot oil or high pressure steam) or another process stream such as effluent from
one of the fixed bed reactors. The heater 108 is operated such that the heated hvdrocarbon

difuent 11013 in the range of about 400 F to about 860 °F.

(00437 The first reactor 16 and second reactor 126 are loaded with supported
catalysts including those having a cataivtic metal selected from Group VI (UPAC
Groups 8-10% and Group VIB (IUPAC Group 6) elements, alone or in combinations of any
two or more theree!. In some embodiments, the catalyst includes Co. Mo, Ni, Pt Pd, Ru,
W, NiMo, NiW, CeMo, or combinations of any two or more thereot, In some
embodiments, the catalyst selected from the group consisting of NiMo, CoMo, and
combinations thereof. Hydroprocessing catalyst supports are typically aluminum oxide, or
combinations of aluminum oxide with phosphorus oxide and stlicon oxide. When a
sulfided catalvst such as NiMo or CoMo is used winle the bio-o1l or the hivdrocarbon
diluent have essentially no organc-sulfur compounds therein, a suifiding agent
feompounds that thermally and/or catabyuically decomposes mito H»S and hydrocarbons) is

aptionally introduced to the bie-oil or hydrocarbon diluent.

[00441 The reactors 116 and 126 may be graded with inert and low activity high
void media. For the ilustrative example of a 30 {t bed. a grading scheme {from top o

-~
£

bottom) comprises a 9 10 12 inch laver of 16 mm wagon-wheel high voud inert media, a 12
to 18 inch faver of 8 mm MiMo active rings, 2 12 to 18 inch laver of 4.8 mm NiMo active
rings. and a 25 1o 27 11 layer of conventional three-lobe or four-lobe NiMo or CoMe
catalyst in the 1.3 10 2.5 mm size range. The high void inert media and active rings are

sold by Haldor Topsos and Criterion under the names TR-18, TK-30, and SENTRY ™



OptiTrap series of products. In some embodiments, cach reactor has a plurality of beds
with aptional gas quench for Hmiting adiabatic temperature rise from exothermic
hvdrogenation reactions. In some embodiments, the graded bed comprises a catalyst that
meludes Co, Mo, Ni, PL Pd, Ru, W, NiMo, MW, CoMo, or combmations of any two or
more thereot. In some embodiments, the graded bed comprises a catalyst sefected from

the group consisting of NiMo, CoMo, and combinations thereof,

(00451 The reactors 116 and 126 are operated at pressures in the range of about
500 psig to about 4,000 psig. in some embodiments, reactors 116 and 126 are operated at
pressures in the range of about 700 psig to about 2,300 psig. The reactors are operated at
temperatures in the range of about 400 °F to about 800 °F. The ratio of the hydrogen-rich
gas 104 to the bio-oils 112 and 122 15 from about 2,000 SCE/BbI to about 16,000 SCF/BbI
The ratio of bio-oil 112 volumetric flow rate to volume of active catalyst 1s from 0.2 o 10

', and may be from 0.5 to 5 by

[6046] The hvdroprocessed bio-oil from reactor 116 is substantially converted to a
hvdrocarbon product which forms the liquid phase of a two-phase product 118, The two-
phase product 118 18 combimed with the bio-otl second stream 122 o form a second
reactor feed 124, The volametrie ratio of the hydrocarbon phase of the two-phase product
FHE 1o the o-otf second stream 122 18 sinubar wo the ratio of hvdrocarbon diluent 102 1o
the big-oil first stream 112; that s, from about 0.5:1 1o about HE 1, about §.5:1 to about
8.1, about .51 to about 6:1; or about §.3:1 to about 3:1, from about 111 to about 1401,
about 111 1o shout 8:1, about 171 o about 6:1; or about 1:1 to about 5:1. In some
embodiments, the volumetric rato 1s from abour L1 to abour 3: 1. The second reactor 126
operates under the same operating range as first reactor 116, Due 1o the addinonal hquid
flow from introduction of the bio-oi second stream 122, second reactor 126 may be larg

than first reactor 116

[G447] The hvdroprocessed big-oil from reactor 126 15 substantially converted to a
hvdrocarbon product which forms the liqud phase of a two-phase product 128 The two-
phase product 128 is separated into the hydrocarbon product and a gas fraction in

separation unit downstream {not shown}. The gas, mainby unreacted Ho, 1s reated (e.g.

through water wash/separation in a cold separator drum and/or scrubber} to remove

components such as water, carbon oxides, ammonia, and bydrogen sulfide, formed during
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HBO, HDN, and HDS reactions. The treated gas is then combined with makeup Hy {not
shown} to produce the hydrogen-rich gas 104 composition. In some embadiments,

hydrogen-rich gas 134 15 not combined with recyele treat gas.

[ The hydrocarhon product may be directed to product fractionation
downstream. to further hydroprocessing (e.g. hvdrocrackingisomerization, or both. to
provide the desired hvdrocarbon biofuel products, such as renewable diesel, jet fuel, and
gasoline. Alternatively, the hydrocarbon product may be partially recycled as the

hvdrocarbon diluent 102,

0491 After a given time of hydroprocessing the pressure drop across reactor 116
cansitions from an essentizlly linear increase to an exponential mcrease. The tme for this
transition to occur may range frorm about 2 days to about 12 months, or may be after about
F00 1o about 10,000 reactor volumes of bio-oil has been processed. This can also be
determmed by the rate of the pressure drop buildup. At this pome, the flow of bio-oil 112
iy discontinued or substantially reduced while maintainmg hydrocarbon diluent fiow 102
and hiydrogen flow 104 at aforementioned conditions. When the bio-oil fiow to the reactor
[16 s substantially reduced, the volumetric ratio of the hydrocarbon diluent 102 to the
bio-0il 112 may be greater than 10:1 and may be greater than 15:1. The temperature of the
heated hydrocarbon diluent 110 is maintained from about 40U °F to about 800 °F, The
hvdrocarbon diluent flow rate is meodified as necessary to ensure at least [.0G0 Ih/hr/ft
mass flux through the reactor 116, At these hydrothermal treating conditions, the pressure
drop across reactor 116 deereases at a rate of from about 1 psi/hr in the beginning of the
hydrothermal treating cycle down to about 0.1 psi/hr later in the cvele, and achieving an
overall AP decrease from about 10% to about 99%. Without wishing to be bound by any
theory, it is behieved that the surprising decrease in pressure drop 1s due w digpersion of
friabie bio-based solid deposits within the fixed bed reactor promoted by the turbulent
flow of hot hydrocarbon diluent and potential thermal decomposition of the deposits

theren.

FO056H Omnee the rate of AP decrease drops substantially below 0.1 psi/hr, or as
dictated by other operating considerations, the flow of bro-o1l 112 to reactor 11615 re-
established. At this point the flow of bic-oil 122 to reactor 126 may be stopped or

substantiallv reduced, thus allowing the second reacior 1o undergo the hvdrothermal



treating cvele. Here the hydrocarbon diluent utilized in the hydrothermal treatment is the
hydrocarbon phase of the two-phase product 118, When the bio-oil flow to reactor 126 13
substantially reduced. the ratio of the hvdrocarbon diluent in the two-phase product 118 to
the bio-oil 127 is greater than 1310 in some embodiments, the ratio 1s greater than 1501,
The adiabatic temperature rise due 1o the hydroprocessing reactions within reactor 116
ensures that the temperature of the two-phase product 11 is in the range of about 400 °F
to about 800 °F. Simitarly, the flow rate of bic-cil 112 and the hydrocarbon dituent 120
are such that mass flus through reactor 126 is greater than 1,000 Ib/he/fi”. After AP has
decreased in the second reactor 126, the flow of bio-oil second stream 122 to second

reactor 126 18 reestablished.

00317 One of the attracuve features of the above-desenbed example is that bio-oil
throughput and fuel production are not substantially interrupted durmg the AP reducing
operation. However, it will be recognized by those of ordinary skill in the art that the
operation that avoids reactor shutdown and catalyst skimming or replacement will be of
interest even if bio-oit flow s interrupted for a 24-72 hour tme period whenever reactor
pressure drop starts 1o increase exponentiafly or approaches desigr limits. Moreover, the
benefits derived by the processes and above-deseribed example can be realized at any time
during the reactor run, even when reachimg the design limits of the reactor or exponential

AP rise are not immmumnent.

(0652 The present technology, thus generally desceribed, will be understood more

readily by reference to the following exampies, which are provided by way of ilustration

and are not intended 1o be limiting of the pre technology.
EXAMPLES
FOUS3] A renewable diesel hvdroprocessing reactor system similar to that

described mn the embodiment of FHG. T was operated with a bio-otl feedstock comprising
mainly of inedible atlow and vellow grease. The reactor systent’s two reactors each
neluded a top bed and a bottom bed with inter-bed gas gquench, The hvdrocarbon dituent

for the reactor systemn was the recyeled hvdrocarbon product fraction,

00543 After about 1,000 reactor volurnes of bio-otl was processed through the

reactor system, the pressure drop across the top bed of the first reactor transitioned from
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an essentially linear rate of increase 1o an exponential one. At this point the bio-oil flow ©
the first reactor was stopped while maintaining diluent to the reactor at an inlet
temperature of about 670 °F and a mass flux of about 2,800 lbo/mrfe . The pressure drop
across the wop bed of the first reactor decreased as shown by curve | of FIG. 20 The

overall pressure drop decrease was from an mital AP of 46 psi to a final A2 of 26 psi to

provide a 43% redaction i the pressure drop.

[0055] Later in the run, the bio-oil feed to the second reactor was stopped 1n order
to hydrothermally treat the second reactor and reduce the pressure drop across its top bed.
The second reactor inlet temperature was about 676 *F, with a total hydrocarbon hquid
mass flux of 2.600 hd/f. The pressure drop across the top bed of the second reactor
decreased as shown by curve 2 of FIG. 20 The overall pressure drop decrease was from an
mitial AP of

32 psi o a fnal AP of 19 psi to provide a 41% reduction 1o the pressure drop.

[0056] While certain embodiments have been iliustrated and described, it should
be understood that changes and meodifications can be made therein i accordance with
ordinary skill in the art without departing from the technology 1y its broader aspects as

defired in the following clanns.

[G0s7] The embodiments, tHustratively deseribed herein may surtably be practiced
in the absence of any element or elernents, Iimitation or hmitations, not specifically
disclosed heren. Thus, for example, the ferms “comprising,” “including,” “containing.”™
etc. shall be read expansively and without limration.  Additionally, the terms and
expressions empioyed herein have been used as terms of deseription and sot of hmitation,
and there 15 no intention in the use of such terms and expressions of excluding any
cquivalents of the fearures shown and descrthed or portions thereof, but 1t 15 recognized
that various modifications are possible within the scope of the ¢laimed technology.

Additionally, the phrase “consisting essentially of " will be understoad to include those
clements specifically recited and those sdditional elements that do not materially affect the
bastc and novel charactenistics of the clauned technology. The phrase “consisting of”

excludes any element not specified.

[OG58] The present disclosure s not to be limited in terms of the particular

embodiments deseribed in this apphication. Many modifications and vanations can be
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made without departing from its spirit and scope. as will be apparent to those skiled in the
art. Functionally equivalent methods and compositions within the scope of the disclosure,
in addition to those enumerated herein, will be apparent o those skilled in the art from the
forcgoing descriptions. Such modifications and variations are intended to fall within the
scope of the appended claims. The present disclosure is to be limited only by the terms of
the appended claims, along with the full scope of equivalents to which such claims are
entitied. 1t is to be understond that this disclosure is not hmited to particular methods,
reagents, compounds compositions or biological systems, which can of course vary. Iiis
also to be understood that the terminclogy used herein 15 for the purpose of deseribing

particular embodiments only, and is not intended to be hmiting,

397 In addition, where features or aspeets of the disclosure are described in
terms of Markush groups, those skilled i the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the

Markush group.

0060 As will be understood by one skilled w the art, for any and all purposes,
particiarly in terms of providing a written description, all ranges disclosed herein also
encornpass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently deseribing and enabling the same
range being broken dows into at least equal halves, thirds, quarters, fifths, tenths, erc. As
a non-limiting example. each range discussed herein can be readily broken down into a
lower third, middie third and upper third, erc. As will also be understood by one skilled in
the art all language such as “up t0,” “at least,” “greater than,” “less than.” and the like,
include the number recited and refer to ranges which can be subsequently broken down
into subranges as discussed above. Finally. as will be understood by one skilled i the art,

a range ncludes each individual member.

(0061 ] All publications, patent apphications, issued patents, and other documents
referred to in this specification are herein incorporated by reference as if each individual
publication. patent application, issued patent, or other document was specifically and
individually indicated 10 be incorporated by reference in its enrety. Definitions that are
contained in text mcorporated by reference are excluded o the extent that they contradict

definitions 1 this disclosure.
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062 | Other embaodiments are set forth in the following clamms.
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WHAT IS CLAIMED IS:

1. A method comprising reducing a pressure drop across a hydroprocessing reactor having
a reactor feed and producing a hydroprocessing product, wherein:
the reactor feed comprises a bio-o0il feed and a hydrocarbon diluent at a
volumeiric ratio of hydrocarbon diluent to bic-oil feed from about 1:1 to
about 3:1;
reducing the pressure drop is performed after a rate of pressure drop increase in
the hydroprocessing reactor is about 0.1 psi/hr;
reducing the pressure drop comprises
supplying a volumetric ratio of hydrocarbon diluent to bio-oil feed of at
least about 10:1 to the reactor to generate a mass flux of at least about
1,000 Iv/hr/ft’;
and
re-establishing the volumetric ratio of hydrocarbon diluent to bio-oil feed
from about 1:1 to about 3:1 once a rate of pressure drop decrease is

below about 0.1 psi/hr.

2. The method of claim 1, wherein the mass flux is from about 1,000 Ib/hr/ft* to about 10,000
Tb/hr/ £,

3. The method of claim 1, wherein the mass flux is at least about 2,000 Ib/hr/8°.

4. The method of claim 1, wherein the hydrocarbon dituent comprises the hydroprocessing

product of the hydroprocessing reactor.

5. The method of claim 1, wherein reducing the pressure drop comprises supplying the
hydrocarbon diluent to the hydroprocessing reactor at a volumetric ratio of at least 15:1

hydrocarbon diluent to bio-oil.

6. The method of claim 1, wherein the hydrocarbon diluent is supplied at a temperatare of
about 400° F. to about 800° F.

7. The method of claim 1, wherein the hydrocarbon diluent has a boiling point of about 300°
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F. to about 650° F.

8. The method of claim 1, wherein the bio-oil comprises a lipid, a carboxvlic acid, a plant oil,
animal fat, algal oil, a distillate from the fermentation of sugars, or a liquid fraction derived

from the fast pyrolysis of biomass.

9. The method of claim 8, wherein the plant oil, animal fat, or both, contains nitrogen, sulfur,

or phosphorus from about 0.1 wppm to about 30,000 wppm.

10, The method of claim 1, wherein the bio-oil comprises a liguid fraction from the fast

pyrolysis of biomass.

11. The method of claim 10, wherein the liquid fraction is derived from ground wood, ground

switch grass, or combinations thereof,
12. The method of claim 1, wherein the hydroprocessing reactor comprises a graded bed.

13, The method of claim 12, wherein the graded bed comprises high void and high macro-

porosity media.

14. The method of claim 13, wherein the graded bed comprises a catalyst comprising Co, Mo,
Ni, Pt, Pd, Ru, W, NiMo, NiW, or CoMo.

15. The method of claim 1, wherein the reactor feed further comprises hydrogen gas.

16. The method of claim !, wherein the hydroprocessing reactor performs at least some

hydrodeoxygenation.

17. A method comprising reducing a pressure drop across a hydroprocessing reactor having a
reactor feed, wherein:
the hydroprocessing reactor produces a hydroprocessing product;
the reactor feed is at a temperature from about 550° F. to about 750° F. and is
produced by at least combining

a bio-oil feed at a temperature of about 100° F. to about 350° F.; and
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a recycled hydroprocessing product of the hydroprocessing reactor at a
temperature of about 550° F. to about 800° F.;

wherein the volumetric ratio of recycled hydroprocessing product to bio-oil feed
is frc_am about 1:1 to about 3:1;

reducing the pressure drop is performed after the theoretical void fraction drops

below 26% and comprises

supplying a volumetric ratio of recycled hydroprocessing product to bio-oil feed
of at least about 10:1 to the reactor to generate a mass flux of at least about
2,000 Ib/hr/ft’; and

re-establishing the volumetric ratio of hydrocarbon diluent to bio-oil feed from
about 1:1 to about 3:1 once a decrease in pressure drop is in the range from

about 10% to about 99%.

18. A method comprising reducing a pressure drop across a hydroprocessing reactor having a
reactor feed and producing a hydroprocessing product, wherein:

the reactor feed comprises

a bio-oil feed and a hydrocarbon diluent at a volumetric ratio of hydrocarbon diluent
to bio-oil feed from about 1:1 to about 3:1; and
the bio-oil comprises a plant oil, animal fat, or both;
reducing the pressure drop is performed after a rate of pressure drop increase in the
hydroprocessing reactor is about 0.1 psi/hr;
reducing the pressure drop comprises
stopping the reactor feed to the hydroprocessing reactor and supplying the
hydrocarbon diluent to the hydroprocessing reactor to generate a mass flux of
about 1,000 [b/hr/ft* to about 10,000 lb/hr/ﬁ‘?’; and
re-establishing the supply of reactor feed once a decrease in pressure drop is in the

range from about 10% to about 99%.

1. The method of claim 18, wherein the hydrocarbon diluent comprises the hvdroprocessing

product of the hydroprocessing reactor.

20. The method of claim 18, wherein the hydrocarbon diluent is supplied at a temperature of

about 400° F. to about 800° F. and has a boiling point of about 300° F. to about 650° F.

23



21. The method of claim 18, wherein the hydroprocessing reactor comprises a graded bed;

and the graded bed comprises a NiMo catalyst, a CoMo catalyst, or a combination thereof,
22. The method of claim 1§, wherein reducing the pressure drop comprises re-establishing
the supply of reactor feed once the decrease in pressure drop is in the range from about 25%

to about 80%.

23. The method of claim 18, wherein the mass flux is from about 2,000 Ib/ht/fi” to about
10,000 Ib/hr/f.
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ABSTRACT

REDUCING PRESSURE DROP BUILDUP IN BIO-OIL HYDROPROCESSING REACTORS

A mefhod is provided involving reducing a pressure drop across a hydroprocessing
reactor having a reactor feed and producing a hydroprocessing product, where the reactor fead
inciudes a bio-oil feed and a hydrocarbon diluent; and the step of reducing the pressure drop
comprises siopping or substantiaily reducing the bic-oil feed supplied to the reactor and
supplying the hydrocarbon diluent o the reactor with a mass flux of at least about 1,000
1b/rft?,

Figure 1
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