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METHOD OF PROCESSING A BHO-BASED MATERIAL
AND APPARATUS FOR PROCESSING THE SAME

TECHNICAL FIELD OF THE INVENTION

[0001]  The present invention relates to a method of processing & renswable resowge, 1o

particular a bio-based material, and ap apparatus for prooessing the same.
BACKGROUND OF THE INVENTION

[0002]  The following discussion of the background to the invention is Intended to facilitate
understanding of the present invention. However, it should be appreciated that the discassion iy
ant an acknowledgment or admission that any of the materig! referred o was pablished, known or
3 part of the common general knowledge In any jurisdiction as at the priority date of the

application.

[0003]  Due to global warming and Hmited supply of non-renewable resources such as fossil
fuel, crade ofl and peiroleum, there Is 2 need to provide combustible Hguid fuels that are available
from alternative sources that are repewable. Usage of nonwenewable resources may have
significant impact on greenhouse gas emissions, Thevefors, using alternative sourees that ave
renewable may reduce gresnhouss gas emissions and be more environmentally friendly compared

o non~renewabde resources.

[0004]  Biofuel is being increasingly considered as a viable renewable resource for various
applications, such as in engines. Examples of biofuel include bivmass derivatives, biogases, and
Hquid fuels and can be widely divided into bioaleohols, biodiesel, green diesel, vegetable oil,

bivethers, biogas, syngas and solid biomass fds,

[GO08]  There are various challenges with using biofuel. For instance, the use of biotuel such
as vepetable odl in cnpines requires signifivant engine modification, including changing of piping
and injector construction materials so that engine performance nay be maintatned as compared to
pon~renewable resources such ss dicsel or petrol. Furthermore, manenanee costs may be
increased due to higher wear and tear, which may lead to an inerease in inoidences of engine

Failure.

[00G8]  Puthenmore, conventional methods of processing hiofuel sulfor from  various

drawhacks, For instance, vegstable off may underge tansesterification with an aloohod such as



methanof, thereby forming biodiessl, However, transestorification may be associated with
drawbacks such as the need o pretreat the fedstock so that bindiesel of good qualily may be
obtained and by-producis need to be renoved before the biodiesel can be used and meet lndustry

standuds,

LA

[0007] o addition, thermal or catalytic cracking of vegetable oils or animal oils may lead to a
wide speetrum of possible unwanted products which may compromise the yield of the desired
products, For instance, processes that makes nse of a catalyst comprising alumina led o a generally

wselective method, thereby leading o low pority and low vield of the desived products.

[0008]  In light of the ahove, there exists a need for a methad 1o provess hiofel so that the
10 wonted biofael may be suitable for use as a combustible Hguid oil. There further axists a need o
develop @ metbod of provessing & bhio-based mater il that amcliorates at least one of the

disadvantages mentioned above

SUMMARY OF THE INVENTION

{0009 techmical problem to be solved by the disclosure or present invention i3 to provide a

,......
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greated oif for making green diesel and phase change materials suitable for use 1 applications such
as, but not imied to, engines, car parts and buildings. In particnlar, the treated oll of the present
invention can be obiained through a method of processing without the need to use any

petrochemical source as 3 starting matertal {or a raw maten EA

[0040]  Another technical problom to bo selved by the disclosure or present invention is 1o
20 provide a method for processing 4 bio-based material such that high purity of desired products

may be obtained.

{0011} v accordasce with an aspect of the invention there is provided a methad of processing
@ rencwable bio-based material comprising the step of reacting the bio-based material with
hydrogen in the preseuce of a catalyst on @ support in a reactor to form a teeated otl; (i) passing the
25 treated ofl through a distillation upitand sn adsorption unit to form green diesel; andfor {it) passing
the treated off through a1 least one distillation colwmmn to separate the treated off into gt least one
component and passing the st least one component through an adsorption column; and wherein the
reactor comprises a cooling function for controlling the temperature of the reacton whein the
cooling Rumetion is ot least one of an internal cooling Runction and an exteral cooling Fonction.

3 Advaniageously, the treated ol may be oblained iy o one-step method and further provessed t©
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form green diesel, POM and/or industrial solvent using 2 combination of a distitlation step and an
adsorption sten. Conseguently, high purily of gress diesel, POM andfor industrial selvent may be
obtained. More advantageously, av the teated ol van be independently andior sslectively
provessed o one or more desired produsts, such as green diesel, POM andfor industrial sotvent,

S the method is versatile and casily tunable, Furthermore, the method may lead 1o a savings in time

ard costs

(00121 I various enthodiments, the suppert is aluwmioa {ALQOR), silios (80} or alumina-silica

0131 o various embodiments, the treated off comprises at least one Kind of n-parafiin and at
{0 least one kingd of isoparaffin and the method further comprises the step of seleeting the catalyst

depending on whether a ow volume of isoparaffing ora high volume of sopatatiing is desired.

[0014] 1o various enthodinents, the support i3 Al and the catalyst on AliOx is selected from

the group ennsisting of NiMo/AL Gy and NiW/ALG:.

[O0M48] In various embodiments, the support iz AlQzand the catalyst on AlOn s selected from

15 the group comsisting of NiCoMo/ALO: NiMoP/ALOf and CoMa/ALG:.
[0016]  In various erbodiments, the temperature in the reacior 18 200°C to 400°C.
00171 [n vardoos embodiments, the temporature in the reactoy 13 250°C 10 350°C,
{00181 In various embodiments, the pressure in the reactor 13 25 bar to 40 bar,
[0018] In various emsbodiments, the pressure in the reactor is 3¢ bar to 40 bar,

3 [0020]  In varions embodiments, the ratio of hydrogen to the blo-based material is Q.03g

bivdrogen'y bio-based material to 8.10g hydrogen'g bio-based material.

{0021} In wvarions embodiments, the vatio of hydrogen to the bovbased material ix 0.05g

=

hvdrozends blo-based material to 0.07g hedrogon'y bio-based matenal.
[0022] In varicus smbodiments, the space veloeity s 0.5 & o 2 100

25 00231  In varnious embodiments, the method further comprises the step of purifying the tréated

ail,
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{ﬁ@ﬁﬂ»] In various smbodiments, the step of purifving the tremted oil comprises the step of
passing the treated oil through & high-pressure separator followed by the step of passing through a

fow-pressure separaior,
[0025] 1o various ebodiments, the reactor is a trickle bed reactor or a packed bad reactor,

[0D26] o varipus embodiments, the intemal cooling function comprises adding ¢ conling

substanes pito the reactor,

{00271  inwarions embodimens, the external cooling function is a multi tube or a shallow bed

reactor with a heat transfer unit,

'.“3.\

[0028]  lu various embaodiments, the adsorption unit comprises at least one adsorbent selected
frota the group consisting of activated carbon, ton exchange resin, molecular sieve and chemical

sdsorbent.

(00291  In various smbadiments, the at least one component is selected from the group
consisting of n-pavaffin haviog less than 16 carbon atems, nehexadecane, s';\uim’:pmd{:casxm it

octadecans and n-paraffin having rmore than 18 carbon atoms,

[0030]  In various embodiments, the adsorption column comprises ot least one adsorbent
selected from the group consisting of activated carbon, ion exchangs resin, molecular sieve and

chemical adsorbent,

[B031]  In accordance with another aspect of the invention, there s provided a green diesel

pomprising isoparaffin in an amount of § 1o 10 wi% and n- paraffin in an amount of B to 100

wide.
[0032] 1o various embodinents, the green diesel hay a distillation range of 200°C 1o 33¢°C.

[0033]  Iu various embodiments, the green dicse] has a fash point iy the range of 100°C o
130°C,

[0034]  In various smbodiments, the green diese] further comprises total glycerides less than

{.0%wit,

[DO35]  In accordance with another aspeet of the tnvention, there is provided a phase change

material comprising soparaffin in an smount of § o 1 wi% and o- perafiin inan amount of 5%t
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[0038]  In accordunce with gnother aspect of the tvention, there i providked an industrial

solvent comprising p-paraffin and a distillation range of 2530°C {e 270°C.

0371 In accordance with ancther aspect of the tnvention, thers iy movided 2 system for
processing a renewable bio~based material comprising 8 reactor for reacting the hio-hased matertal

with hyvdrogen in the presence of # catalyst on a support to forn a troated o) and wherein the

reactor comprises 8 conling function for controlling the femperature of the reactor; (1) a distillation
unit for passing the iregted oil through 1o form green diese] and an adsorption unit for passing the

green diesel through; anddor (1) at least ong distillation column o sepavate the treated ol into at
feast one component and an adsorption colonmn for passing the at least one component through;
wherein the conling function is at least one of an internal cooling function aud an external cocling
function, Advantageously, the system may be relatively straightforward, simple and vorsatile
becanse the treated ol may be ohiained in a one-step and further processed to form green diesel,
POCM andVor industrial solvent, Conseguently, high purity of green diesel, PCM and/or industrial

sofvent may be obtained. Furthermore, the system may Kad to @ savings in tune and costs.

[0038]  In various smbodimenty, the internal cocling function comprises a cooling substanee
selected from the group consisting of a fresh amount of the bio-based material, a fresh amount of

hydrogen, a portion of the treated it and 2 combination thereofl

[0038] In various embodiments, the system further comprises a high-pressure separator and 2

fow-pressure separator for passing the treated oif through,

00401 In varous embodiments, the external cooling function comprises a multi tubec or a

shallow bed reaciov with a heal transfer unii.

{00441 In various embodiments, the extormnal cooling function further comprises a coolant
selected from the group consisting of a fresh amount of the bo-based material, a fresh amount of

hydrogen, a portion of the trested oil, & combination thereof aned a hizat transter Huid.

[0042]  Specifically, an embodiment of the present inveation relates to u methed of processing
a bio-based material to form a freated oil for making green diessed and phase changs materials,

BRIEF DESCRIPTION OF THE DRAWIRGS

[0043]  The invention will now be deseribed, by way of sxample only, with reference 1o the
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gecompanying drawings, inwhiche

[0044]  Figure 1 Uhotrates s flow disgram of prepaving treated ofl from a bio-based waterial
and green diesel using the treated 0il;

{00481  Figure 2 iusirates a How diagram of preparing st least one phase change material amd
an industrial solvent using the treated oil prepared from the method in bigure 1§

[0046]  Figure 3 ilustrates a flow diagram of an alternative method for preparing freated oil,
green diesel, at fesst one phase change material and an mdustrial solveat,

{00471 Figure 4 tlastraies a How disngram of the reactor comprising an internal coohog
function; and

[0048] Figure 5 iHlustrates a fow dagram of the reactor comprising an extemal cooling
frungetion.

DETAILED DESCRIPTION

[0048]  Particular embodiments of the prosent invention will now be described with reference
to the accompanying drawings. The tesminology used herein s for the purpose of deseribing
particutar embodiments only and i3 not hntended to Hmit the scope of the present investion.
Additionally, wiless defined otherwise, all {echnical and scientific terms used herein have the same
meanings as commmonty understood by one or ordinary skill in the art to which the present invention
belongs. Where possible, the same reference numerals are used throughout the figures for clarity

aied consisteney.

[O080]  As used herein, the term “cetane number” refers to a guality that rates the nition

guality of green diescl.

[0051]  As used hersin, the term “density” refers to the ratio of mass of 8 particular fuel and

volume ocoupled by the particular fuel.
[0052]  Asused herein, the term “cloud point™ measures the first appearance of wax.

[00531  As used hevein, the term “contanimant” refirs to a substance that {5 not a desired
product of the method of the present fnvention, such as but not limited 1o Hght hydrocarbons such
as propane, hydrogen, water, varben monoxide, carbon dioxide, nitrogen, sulphur, phosphorus,

heavy metals, alkali metals, solids, detergent and acids.

00541 As used herein, the term “cooling function” refers o the introduction o a cooling
substancs, coolanl andfor a mechanicsd device/apparatug fo decrease or at least maimain the

temperature of the reactor to prevent everheating, The tntroduction s cooling substance includss



{~d
v

St

2

i

but is not imited to the introduction of a fresh amount of the bio-based matenal, introduction ot a
{resh amount of hydrogen, introduction of a portton of teated ol or mtraduction of & cambination
thereof. The introduction of coolants includes but 15 not Hmited to the introduction of a fresh
amount of the bio-based materad, introduction of o fresh amount of hydrogen, introduction of &
nortion of treated oil, infroduction of a combination thereof or inroduction of a heat wanster fluid,
The mechanical devicg/apparatus for cooling the reactor includes but is not imited to g multt tube
or, a shallow bed reactor with a hest transfer unit, The mechanical device/apparatus for cooling
the reactor may be mtgrated with the resctor or may be a separats unit attachable/detachable from
the reactor.
[O0585]  As used hereln, the term “cooling substance™ includes but is oot Brotted 1o the teem

“guenching substance™

[00868]  As used herein, the torm “green diesel” refers to a binfhel that containg mainly paraffin
which s devived from o renowable resource such as a bio-based material fnstead of @ nows
renewable resourge such as a petroleum-based ol In other swords, there 15 no need for & non-

renewable resource to muke the preen diesel.

[DO5T] A used herein, the term “low volume™ when used in relation to the amount of

isoparaffin refery o sy amouns of about U {0 about & witt,

[O058]  As uzed hemin, the torm “high velume™ when used i relation to the amownt of

isoparafiin refors to an amount of more than 5 wils,

[0053]  As used hereln, the term “paraffin” includes neparaffing, isoparaffing and a mixture

Wt

thereof. In various erabodiments, the tevm “"paraffin® refers to seyclic saturated hydrocarbons of

genersl chemical formuda Cal

FO080] As used heredn, the term Mreparaffin® refers to a normal pavaffin or Hocar pavaffin

which is a straighi-chain acyclic satursted hydrocarbon.

061 Asused herein, the term "soparaffin® refers o a branched pasaffin which is 2 branched
y P

acvelic saturated hydrocarbon.
[0082]  Asused hereln, the term “avomatics” refers 1o aromuatic hydrocarbons, L.e. hvdracarbons
eontaining at least ong sromatic ring,

[OD63]  As used hersin, the term “phase change material”™ ov "PUMY refies 10 ¢ material for
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maintaining the {femperature of a system by means of heat transfor between the POM and the
systemt. Whan the toraperature of the svstem i3 higher than the tempesature of the POM, heat will
be transkerred trom the system o the POM and it will decrease the tomperature of the system,
When the tempeture of the svstem is lower than the temperature of the POM, heat will be
transferred from the PFOM to the svatem and 8 will increase the temperature of the system. During

b

-

the beat transter process, the temperatye of the POM will stay the same {g.2 a1 the melting poimt

b 34
1%

of the PCM). Typrcally, the POM can maintain the lempersture of the system as al the melling

point of the PCM,

f0084]  As used herein, the tenm “treated oil” refers to a pure formy of the ol or an impure form
of the gil. The ofl may conprise at least one kind of n-paraflin, ot least one Kiad of isoparaffin or

a eotubination thereod, and may be mixed with contaminants, gasey and/or water,

{00851  As wsed herein, the term “kind™ when used in relation o n-paraifin or isoparailin refers
o a parafiin comprising a specific number of carbon atoms such as a mumber in the range of 3 o

{00681  Acused herein, the term Sreactant stream™ refers to g feed comprising hydrogen and at

feast one bio-based matevial. The feed may also comprise treated oil. Throughout the specification,
unless otherwize indicated to the contrary, the tenms “comprising”, “consisting of”, and the like,

gre to be construad ay non-exhaustive, or i other words, a8 me'{‘ming “including, but not Limited

e
{00671  throughowt the specification, unless the context requirey otherwise, the word
“eomprise” or variations such as “comprises” or “compristug”, will be voderstood 1o imply the
inclusion of a stated integer or group of integers but not the exclusion of any other integer or granp
of mtegers.

{00U68]  Throughout the specification, unless the context requires otherwise, the word “include”
or variations such as “includes™ or “including”, will be understood to mply the inclusion of
stated fteger or group of integers but not the exclusion of any other integer or group of infegers.

[0089]  As wed herodn, the term “about™ typieally menns - 3% of the stated value, mare

typicatly +/- 4% of the stated value, more typicalty +/- 3% of the stated value, more typie
2% of the stated value, even more typivally +/~ 136 of the stated value, and sven more typically +4-
8,5% of the stated valoe,

[0070]  Throoghout this disclosure, certain embodiments may be disclosed ina range formal.

It i3 appreciabln that the description in range Tormat I merely for convenience and brevity and
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should ani be constroed as a lmilation ont the scope of the diselosed ranges. Accordingly, the
description of a mange should be considered to have spocifically disclosed all the possible sub-
ranges as well as individual numerical valies within that vange. For example, description ol a range
such as from | to 6 should be considerad to have specifically disclosed sub-ranges such as fom |
to 3, from Do d, from 1o 8, om 2 ﬁi»_, from 2 fo &, from 3 o & ele,, as well as individual
mumbers within that range, forexample, 1, 2, 3.4, 3, and & Ranges are not limited to inlegers, and

pant include decimal measurements. This xmhm regardless of the tweadth of the range.

(0071} Other aspects of the invention will become apparent 1o those of prdinary skill in the art

upont review of the following deseription of specific embadiments of the invention in conjunction
with the accompanying figures.

[0072]  Inan aspect of the present invention, there is provided a method of processing a bio-
hased materiad, the process comprising reacting the bin-based material with hydrogen in the
presence of g catalyst on a supportin a veactor to form a treated oif; wherein the biv-based material
iy renewable.

[0073] Consequently, the treated oil is obtaived in high yield by a one-step method nvolving
a hydrotreating reaction. Advantageously, the hydrotreating reaction makes use of hydrogen which
may bind to sulphur and phosphorus 1o remove impuritics. In various embodiments, the ireated ol
may be obtained in a vield of about B0% to about §83% of the bio-based maserinl. More
advantageonsly, the treated oil does not require more thanone step o olvain the treated off, thereby

leading to 8 savings in thime and costs. In contrast, some prior art methods lead to an intermudiate

product which requires further processing 1o obtain a product that is substantially equivalent to the
tregted ofl of the present invention. Consequently, such prior art methods require al least one

additional step to process the intermediate product to obtain the product that is substantially
aquivalent to the treated oil of the present invention, thereby making such prior et methods more
costly and more me-consaming.

00741 In vavious smbodiments, the bio-based material is a leedstoek thal is substantially
repewable and comprises tniglveerides and free fatty acids that may be derived from a plant
{including a vepetable) or an animal or a combimtion thersofl The bio-based material tochades but
is not Hinited to antmal oils such as tallow oil, train oil, fish ot or plant oils such as bleach palm
ail {RPQY, refined blexeh palm oif (RBDYPOY), palm olein, palm stearin, palm Gty acid distilate,
canola oil, com oil, sunflower oil, sovbean oil, olls from desertie plants such as jatrophs ol and
balawites oil, rapeseed oil, all ol hempseed oil, olive ofl, linseed oil, mustard ofl, peanut ofl, castor
ail, coconut wil, or ong or more combinations theveot. The vepstable ol may be crude vegetable

&

git or refined or edible vegetable ofl. In various embodiments, the plant olf andfor antmal oll may
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be new ofl, used ofl, waste ol or 8 combination thereaf, Adss antagecusty, even though the bio-
hased material comprises trighyeerides, the method of the presernt invention converts the
trighveerides 1o a treated off contuining & least one kind of neparaffin and at least ong Kind of
isoparaffin almost completely, such that the treated ol is substantally free of trighyeendes, Dueto
the reaction mechanism of the method for producing the freated o, monoglyeerides and
diglveerides do not exist in the treaied off. Ax such, the totad glyesride content in the treated vil 13
eguivalent to the iriglyveeride content 11y the treated oil. It weuld be undersiood by a persoen skilled
in the et that staodacd tests such as BN 14105 may be used to measuwre the total glyceride content.
{ny varipus embodiments, there is about D038 wi%e of total glveerides in the treated odl. I varipus
embodipnents, the treated oil s substantially free of trighycenides. It other words, there iy less than
Iowitg, toss than (08 with, less thar 0.6 wite, less than 0.5 wids, less than O wade, less than Q.3
witp, fovs than 0.2 with, Jesy than 0.1 wit, or less than 0.03 wi¥y of triglyesrides in the treated otl,
In varions erabodiments, there is abowt 0.01 wi%s to about (.05 wi%h of triglycerides in the treated
oil. In vartous embodiments, there is about 0038 wi% of triglveerides in the treated of. Incontrast,

>

prior art methods lead to g treated ofl that containg triglyesrides, anch as in an amountof 1 wibhor
MHHE.

[0075]  Insoune emmbodiments, thers is no need to mix the bio-based material with a petroteans
based material. As such, the method of the present invention iz relatively more envivonmentally
friendly than 7 method that nuakes wse of a non-renewable resoures sueh as g petroloum-based
naterial or @ mixture of a petroleui-based material and & Bo-based matedal.

[Q0F8] In various embodiments and as tllustrated in Figwee 1, a bis-based matorial {stream
101y may be passed through 8 pamp {apparatus 131}, wherein apparatus 131 s adapted to controd
the flow rate and pressure of the blo-based material, As such, when stream 101 passes through
apparatus 131, stream 102 is formed, wherein stream 102 comprises the bio-based material having
a predetermined flow rate and pressure, and wherein the prossure of streant 102 {s higher than the
pressure of stream 101, Streany 102 then passes through a heat exchanger (apparatus 132), wherein
apparatuz 132 is adapted 0 increase the temperature of stream 132, thereby forming stream 103
which comprises the bio-based materlal having a predetermined temperature, wherein the
temperatuce of stream 103 s higher than the temperature of stream U2,

fOOTY]  In various embodiments and as Hlustrated in Figure 1, hydrogen (steeam 104) may be
passed through a control valve or o comprossor {(apparatus 133), wherein apparatus 133 s adapted
to comtre! the How rate and pressure of the hydrogen. As such, when strean 104 passes theough
apparatuy 133, stream 103 da formed, wherein stream 105 comprises hydrogen having 8

predetermived fow rate sod pressues, and wherein the pressure of stream 103 is higher than the
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pressure of stream 104, Streamt 103 then pagses through & best exchanger {apparatus 134), where
apparatus 134 is adapted to increase the temperature of steam 103, thereby forming stream 186
which comprises hydrogen having o predotermined tomperaturs, wherein the temperature of
steeam 106 15 higher than the temperature of stream 105,

fO078]  In varions embodiments and as Hlustrated o Figwee 1, stream 103 and stream 100 awe

introduced Inlo a reactor (appatatus 133} Stream 103 and streamy 106 may be infroduced wite
apparatus 133 in the form of ce-current.

fO078]  In various embodiments, the mothod of the present invention may further comprise

selecting the catalyst In various embediments, the catalyst may be selected from the group
consisting of CoMa, Nideo, NiW, NiCoMo and NiMeP, In various embodunents, the catalyst may
he in the form of sulphide sctive phases, so that the amount of sulfr in the wreated oil may be
adjusted/adulterated, Advantageously, the catalyst may be adequately resistant to catalyst poisons,
such that the efficiency of the catalyst may be maintained throughout the method. Furthewmore,
the calalyst may be reeyeled and reused, thereby lowering the operating costs becanse a new
catalyst may not be necessary. In varions embodiments, the efficiency of the catalyst may be
recovered by, such as but not limited to, adding » sulfidation agent. The sulfidation agent may be
selected from the group consisting of carbon disulfide, dimethyl disulfide, polysulfide oil

merzavan and hydrogen sulfide.

[0080]  In varlous embodiments, the catalyst may be selected based on whether the desired
trented il should contain & low volume of sopara fias o a high velume of isoparattins. In various
embodiments, the catalyst is selected from the group consisting of Nide and NiW i the desived
treated ol should contain g low volume of lsoparaffins. In a preferred embodiment, the catalyst is
NiMe if the desired treated of should contain a low volume of isoparaffins. In various

smbaodiments, the catalyst is selected from the group comsisting of NiCoMop, NiMoF and CoMo it

the desired treated ol should contain a high volume of isoparaffing, In a preforred cmbodiment,
the catalyst {s NiCoMe i the desired treated oil shondd contain a high volume of Boparattiss.

{00841  In various embediments, the catalyst comprises at least one of the bwo tramsition metals
selected from the group consisting of N and Mo, In vavtous embodiments, the catalyst further

comprises anther transition metal or a group ¥V element.

(00821 In various smbodiments, the catalyst loading may be about 0.5 wite 0 about 20 wit.

The amount of catalyst used may be ealeulated based on the amount of the bio-based material and
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hydrogen,

[0083] In various embodiments, the catalyst may be separated into one or morg portions. When
the extalyst {s separated fnto move than one portions, the exterd of the reaction between the bio-
based material aud hydrogen may be controlled. As the reaction between the bio-based material
and hvdeogen is an exothermic reaction, the amount of heat preduced may be contolled.

Consequently, the femperture in the regetor may be controtled,

[0084]  In various embodiments, the catalyst may be loaded on a support, such as an acidie
porous solid support, The scidic porous solid support may be aluming (ALGy) stlica (Sih) or a
mixture of aluming and @lica (ARO-8102). By reacting the hio-based waterial with hydrogen in
the presence of the catalyst on the sapport, hydrogenation of the olefinic or unsaturaied portions
of the n-paraffinic chiaing of the hio-based material may occur. As the support may act a8 g high
surface area support for the catalyst, proster efficiency of the catalyst may be achieved. In

partivudar, desived reactions such as hydrogenation, deoxygenation and somerization may ocawy

with gieste ause the vatalyst is better dispersed.
[O085] Invartonsembodimentis, the support may be such as bat not limdted to fluoride atuming,
ZSNE12, ZSM2 T, ASM-22, ASMAE, ASMLE2, ZEMA3S, ASM-3R, Z8M-48, ASM-5T, SAPO-1,
APG-31, SAPGL, MAPO-1T, MAPO-31, Y zeolite, Loreoliie and Beta zeolite.
[ﬁﬁ@ﬁ} In various ewbodiments, the hydrogen may be fresh hydrogen or recyeled hydrogen ov
3 mixture theveod.
{00871 In vanous embodiments and as illosteated i Figuee | stream 103 and stream 106 may
react by contacting the swrface of the catalyst in the reactor, thereby producing a treated ol {stream
H07). In vanious embodiments, stream 107 then passes through a heat exchanger {apparatus 136,
wherein apparatus 136 15 adapted o redoce the omperature of streany 107, thereby forming stream
1OR which comprises treated oif having a predetermined temperature, wherein the temperature of
stream 108 1s lower than the temperature of stream 107,
[0088] In vanous smbodiments, the method of the present invention may oveur under
hydrotreating conditions w the reactor. In particular, the methed of the present invention may be
carrisd out at 3 temyperature of about 200°C to about 400°C, about 250°C o about 400°C, about
230°C 1o aboat 350°C or about 300°C 1o about 330°C and a pressure of abowt 25 bar to about 56
har, ghout 25 har 1o about 40 bar, about 30 bar to ghant 40 bar or abowt 35 bar  about 40 bar
Advantageously, the tompersture i relatively low compared o prior art methods. Consequently,

fess undesived products may be formed. In g preferred embodiment, the temperatiws in the reactor
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00891 In varous cmbodiments, decarboxylation, andfw bydredeoxygenation  andfor

¥

isomerization of the bio-based material may also occwr because of the cheice of catalyst.

[0080] In various embodimeuts, hydroeracking may be inhibited, thereby maintaining the
mnge of carbon number of hydrovarbons formed in the range of e to O "373(;3&&3}3.3:\
hiydrocracking 15 an undesivable reaction beeause it oy lead to a decreased amount of POM i the
troated ofl, thereby resulting fn g lower yield of POM production. As hydrocracking may be
inhibited or minimized by the method of the present invention, the vield of POM may be

advantageousty higher than prinr art methods because the POM portion in the treated oif may be

higher,

[091]  In various embodiments, the methed of the present invention may be carried onf at a
space veloity of about 0.5 per hour (i w Y to about 2 he't or abount 1.0 hr'! The inventars found that
an increase in the space veloeity may increase the quantity of tresded ofl and s products thereol
hovause of the greater capacity o support & higher volume of feedstock. However, thare may be a
decrease i the reaction tme and decresse In the quality of the treated oif and its products thereot
It was also found that g decrease in the space velocity will inerease the reaction Umie and inerease
the quality of the treated oil and its products thoreef, albeit in a tower quantity. I the space veloeity
is lower than about 0.5 hel, thers may be a drop in the quality and quantity of the treated ofl and
its products thereof, In a preferved erabodiment, when the space velocity is sbont 1.0 he!, there s

g balance of the quantity and quality of the treated ofl and its prostuacts thereot,

00921 In varions embhodiments, the ratio of hydrogen to the bo-based material {for instanee,
oil) may be about 0.03 g hydrogen/g oil to about 0,10 g hivdrogen/g oil, about 0.03 ¢ hydropen/y
oil to about 0.07 g hydrogen/p oil or about 005 g hydrogen'g oif 1o about (.08 g hydroga/g oil.
i1 the ratio of hydrogen tothe oil is more than 0.1 g hydrogen/g oil, a beneficial effect will not be
abserved hecause there iy sufficient hydrogen when the ratio ot hydrogen to the ol is less than Q.1
g hydrogen’g oil. to other words, 0.03-0.10 g hydrogen/g ol s sufftcient, This may advantageousty
fead to the lowering of operation costs begause only a relatively small amount of hydrogen is
pecessary.

(G083} In various smbodiments, an increase in the pressure of hydrogen can increase the
solubility of hydrogen in the blo-based material, thereby facilitating the hydrogenation reaction.
As such, the hydrogenation reaction may ocour efficiently. Advantageously, the hydrogenation
may coour at a relatively low pressure, there may be an economnie advantage because compressors

to pressurive the bydrogen are not necessary, Furthermore, the reactor and other equipment costs
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may be reduced becadse operation is & a relatively low pressue.
f0084]  In various embodineats, the method further comprises puritying the weated oil. This
i5 beeause the treated oif may be mixed with a gaseous component, such that the obtained produsts
froamy the reactor iy a mixture of the treated off and the gaseous component. Ib vartous embodiments,
purifying the treated oil comprizes pasasing the treated oil through a high-pressure separator
followed hy o low-pressare separator. In varions embodiments, the high-prossure scpargtor may
act as a separator and operate at & pressure sinular to the pressure of the reactor. The high-pressure
separator may separate the gaseons component, which may be predominantly hydrogen, from the
treated ofl, In various embodinents, the gassons component may further comprize carbon dioxide,
garbon monoxide and propane. The carbon dioxide may be remeved by g method such as but not
livpited 0 pressure swing shsovption, absorption with an amine or reaction with a hot carbonate
sofution. Furthermore, carbon monoxide and propase may be removed by the high-pressure
separator. In vartous embodiments, the high-pressure separator and/or the low-pressine separator
may remove the lght fraction, whereby the lght {raction may contain propane anddor sulfur-
contginmg compounds, Advantagecusdy, the separating process that makes use of the high-
prossure separator andfor the low-pressure separator requives a smaller amount of encrgy and is &

simpler process compared (o a procesy for removing the heavy fraction Guch as triglyeerides or
heavy paratiin content having more than 20 carbon atoms),
fO088] In various embodiments and as Hhatraied in Figure 1, stream 1OR passes through a
high-pressure separator (apparatus 137} (o abiain @ purified treated oil {stream 108) and & gaseous
component (strearm 110), In vartoos embodiments, apparstus 137 operates at g pressure similar to
the pressure in apparatus 133,
00861 In vanous embodiments, strean 110 may be treated.
[OOR7]  Invanous emboediments and s tHusirsted in Figure 1, streane 109 passes through a low-
pressure separator {apparatus 138), Afler passing through apparatus 137, the pressure of the
purified treated oil (stream 109} may decrease and enter apparatus 138, wherein water (stremn
11} which s & by-product may be separated from stream 108 1o form & more puritied freated oil

{stream 112}

{00881  In variops embodiments, the reactor i3 a trickle bed reactor {such as but not Hmited to
a narrow ube-type), 2 packed bed reactor, a shallow bed reactor or a basket-type reactor. Each bed

¥

is adapted to condain the catalyst, which may be in the form ol solid particles.

00981 [n varipus embodiments, there may be gt least one bad, ly various erobodinents, thes

may be bwe, three, four or Bve bads, which can be configured n series,
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{00106 T various embodiments, the catalyst may be separated into more than one porton
hecause of the presence of more than one bed in the reactor, Advantagenusly, when the beds are
configured in series, a higher conversion rate may be achieved begause auy unreactad big-based
material that passes through a first bed may be hyvdrogenated when passing through a second or
subsequent bed, Invarions embodimants, the stze of each bed may be adjusted and the number of
heds in the reactor may alse be adjusied. When more than one bed s used, there may be better
temperature oontrol becguse the extent of the reactien between the blo-based material and
hydrogen may be conirodled, As the reaction between the bio-based matenial and hivdrogen 15 an
exothermic reaction, the amount of heat produced miay be controlied. Consequently, the

temperature in the reacior may be controlled,

o101} In varipus embodiments, the resctor further comprises g cooling funchon for
controlling the emperature of the reactor, This s beeasse reactions such as hydrogenation and
deoxyveenation arg highly exothenmie resctions. As such, the cooling function advantageonsly
maintains the lewmperatore of the reactor at a sullable terperatare vange. In pacticudar, the coohag
function minimizes or avoids everheating of the reactor, therehy allowing the reactor’s temperatugs
profife to be optimized, such that the tomperatire of the reactor is at {or around} an optimal
temperatire. As used herein, the term “optimal temperature”™ is defined as a temperature (o
temperaiure range) which the catalyst in the reacior 1s most active at catalyzing the desired roaction
instead of catalyzing one or more unwanted side reactions {such as hydrooracking). For instance,
whin the fsed comprises bio-based material {such as when the feed consists essentially of big.
based materialy, the food may be witroduced into the reacior & muldiiple points dlong the keagth of
the reactoy. Consequently, the feed comprising bio-based material may be introduced at e
temperature that is sear to the optimal temperature, Compared to prior art, the feed comprising
bio-based material may be sdvantageously introduced at 8 temperature that 1s neaver o the optimal
temperature, This can arise because by introducing the feed comprising blo-based material at
multiple points along the length of the reactor, optimized temperature profile of the reactor may
be achieved, which may rosult in better distribution of tempersture within {or throughout) the
reactor. Comseguently, the catalyst nzed in the method of the present wnvention may be better
utilized, and 8 greater efficieney of the catslyst may be achioved andd production rate can be
increased. More advantageonsly, the occurtenee of side reactions nwy be prevented. Side reactions
may occur as & resolt of fulure to contred the tempersture of the reactor, such that the temperaturs
of the reactor may lead to 8 decrease in the vield of the weated oil, I the reactions sueh as

hydrogenation and deaxygenation ceowr tao guickly, they may be sncontrollable and the
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temperature of the reaction may in turn be uwncontrollabde.

{00102} In various embodiments, the opoling fimction comprises an imlornal cooling

function and/or an external cooling function,

[06143] In variows embodiments, the internal cooling function may operate by means of
guenching {or internal cooding). Internad cooling iz a method of itroducing a cosling substance

{suchas (1, Q2 in Figure 4) having a lower temperature {such as indef emperature Ty in Figure 4)
than the wemperature of the reacior, thereby maininining the temperature of the reactor 3t a suitable
emperature. Pxamples of the substance for fnternal cooling inclade but i3 not Hmited to a fresh
armourt of the blo-based mugerial, a fresh anwumt of hydrogen, o portion of treated ofl or a
combination thereoll The portion of teated ol used as the cooling substance may be freshly
prepared or prepared e previous halch.
{00104} In various embodiments, the cooling sobstance may be wtroduced uto the reavtor
o single portion or more than one peetion and may be dependent on the number of beds in the
regetor, I various embodinents, the cooling substance may be idroduced o the reactor using &
gozzle. In various embodiments, the nozzle may be pointed al suy angle ranging from
perpendicntar to the Haw of the reactant stream and paralie! to the How of the reactant stream (e
co-current). I various embodiments, the nozzle Is not pointed against the flow of the reactant
streant {(Le. sountercustent). In contragt, prior it methods may intreduce the cooling substance
through a nozrde, sach that the cooling substance is against the flow of the reactamt stream (e
countercurrent). When the nozzie points upwards, it is counterourrent 1o the flow of the resctant
stream, As such, the cooling substance may be accumualated above andéor around the catalyst {such
as af o loser end of a catalyst bed, such as 8 lower end of 8 first bed, a lower end of a second bed
and/ov 8 lower end of a subsequent bed), such that the cooling substance may cause over reaction
anddfor overheating. For {nstanee, overheating may ocour i the cooling substance is a bio-based
material. This difference may have an effect on the performance and capability of the internal
cooling function. For instanee, a fresh amount of the bio-based material can be used as the coeling
substanee of the present investion, whereas i 15 not favorable to use a fresh amount of the bio-

based material for such prior arnt methads, For prior art methods,

g

the use of a fresh smount of bio-

based material as the cooling substance may result m the formation of a hot spot that can nogatively
affect the guality of the treated ot and its products thereof andfor negatively affect operation of
the method. In various embodiments, the volume of cach portion of the cooling substance may bk
adjustable from 0 10 100 wi% of the total volume of coonhng substance. In vartous embodiments,

the totad vohume of cooling subsiance may be deperndent on the range of temperatire to be

controtied. For taatance, 1 the tompersturs ineroase 15 velatively high (i other words, the range of
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cooling substanes,

[oa105] fn various embodiments, as the reaction between the Mo-based material and
hydrogen s an exothermic waction, a significant amount of heat i3 produced. By wsing a cooling
substanece, the tenperature in the reactor may be decreased. In variows embodiments, the cooling
substance may be intraduced via an inlet connected to the reactor. In various embodiments, a fisst
cosling substance may bo introduced viaan infet and the tirst ponling subistance may be distributed
over a oross section of & bed of the reactor. The reactant stream from the bed may then contact the
first cooling substance at an ntertace of the bed and an adjacent bed, such that the teoyperature of
the reactant stream s decreased. After the reactant stream contscls the adjacent bed, the
tempareture of the resetant stream may increase because of the resction between the bie-based
material and hydrogen. Subsequently, another cooling substance may be infrodoced viw another
infel connected to the reactor, the cooling substance mury Hkewise lower the temperature of the

reaclant stream when the mactant stiwam comtacts the cooling substsnge, Consequendly, the
temperature O the reaciant sircam way be controlled and mainfained at & switable lemperature

range.

[00106] In various embodiments and as Hlostrated in Figure 4, after stream 103 and stream
106 passes through a first bed {B1) and they ronct in the presonce of the catalyst, the tenperature
in the reactor 135 may change {or increase’ from a fivst temperature {T1) to 2 seeond tempenature
{12). For instanee, the first temperature may be about 320°C and the second temperature may be
about 380°C. The incregse in temperature 5 because the reaction between the bio-based material
and hydrogen is an exothermic reaction, thereby producing a significant amount of heat
Subseguently, @ ceoling substance (1) may be intreduced at the interfzce (denoted by a dodted
Hae) between the first bed {B1) and a second bed (B2, such that the cooling substance (31} causes
the temperature in the reactor 135 to change (or decrease) from the second temperature {12) o &
third temperatire (1) In various embodiments, the third temperature {1y} may be the same
temperature as the fivst emperature {19 or a different tomperatuse, as long as the thid temperature
{13} is Jower than the second temperature {T2). In varioos embodiments, the cooling substance
{01 having an inlet temperaturs {’E‘Q} mixes with the reactant steeam, which Hows from the first
bed (B 1) 1o the second bed (B2). Thus in such embodiments it may be appreciable that the cooling
substanve (Q1) performs an internal cooling Rmetion. Afler the bio-based material (stream 103)
and hydrogen {stream 106) passes through the second bed (B2) and the two substances react inthe

prosence of the catalyst, the teraperatare in the reactor 135 may change {or tnerease} fron the thivd
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temperature {11 te s fourth temperatare {4, In vavious smbwadiments, the feurth temperatore {Th)
miay he the same temperature as the second temperature {12) or g dilferent temperature, as fong as

thie fourth temperaturs (T4 i higher than the thivd temperature (Th)

00107} {5 various ambodiments and as lustrated tn Figure 4, a fresh portion of the coohing
substance (O2) may be introduced at the tntertace {denoted by a dotted ling) botween the second
bed (B3} and a third bed (B3), such that the cooling substance {Q2) canses the teniperature in the
eactor 135 to change {or decresse) from the fourth temperature (Ta) 1o a Hifth temperature {15}, In
various embodiments, the fith wenperate (Ts) may be the same temperature as the Het'third
temperature (T Ty or a differont temperature, as tong as the fifth temperature (Ts) 4s lower than
the fourth tenperature {Ta). In vavious embodiments, the cotling sobstance {Q2) having an nlet
temperatare {Ty) mixes with the reactant stream, whieh flows from the second bed (82) o the third
bed (B3 Thus in such embodiments {F may be appreciable thai the vooling substance {02}
parforms an internal cooling function. After the bio-based material (stream 103} and hydrogen
{stream 106) passes through the thind bed (B2} and the two substances react o the presence of the
catalyst, the temiperature in the reactor 133 may change {or increase) from the Gfth wemperatare
{T5) o a sixth temperatare (Ts), T vavious smbodiments, the sixth teraperatore {Ts) may be the
same teroperature as the second/fourth temperatre (1T or a different temperature, a3 long as

the sinth temperature (Te) is higher than the fifth temperature (T5).

{00108} fu various embodiments, the external cooling function may be such as but not
Hinuited o a mulli fube or a shallow bed reactor with a heat transfor anil. Ag such, in vartous
embodiments, the shallow bed reactor works in combination with the heat transfer umt,

[00108] In various embodiments, as the resction between the bio-based materiad and
hydrogen is an exothermic reaction, a significant smuount of beat is produced. The {emperaiure
the reactor can be decrcazed using the exiemal cooling Runctinn.

[00110} In various embodinents and as lustrated in Figure 3, the exiernal cooling function
is o heat tansfer wnit (M1, H2) that may be added as ap integral part of the reagtor at an interface
{denoted by a dotted line) of a bed and an adjacent bed. For instance, the interface may be between
a st bed (B1) and a second bed {82) or between the second bed {B2) and a third bed (B3). In
various smbodiments, the heat tansfor tnt {H1, H2) is a shell and tube heat exchanger,

ooy In various embodiments, the resctant stream from a bed may confact the heat
transfer uuit at an interface of the bed and an adiacent bed, such that the emperature of the reactant
stream is deereased. Afler the reactant stream contacts the adjacent bed, the temperature of the

reacta strcan may nerease begause of the resction betwesn the bio-based material and hydroges.,
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Subsequently, another heat fransfor wut may be installed at an interfage of the adjacent bed and
another adjacent bed. The heat tramsfor pnit may Hkewise lower the temperature of the reactan
stremy when the reactant stream contacts the heat transfer unit, Consequently, the temperature of

the reactant stream may be controlied and waintained at a suitable temperature range.

001128 I vartons embodiments, a coolant {such as CL, C2 i Figure §) having a lower
teraperature (sach as infet temperature Ty in Figwre 5 than the temperate of the reactor may be

53

infroduced {nto the heat transfer unit, such as via the shell side of the heat transfer vnit. 1o variows
embodiments, the reactant stream which may pass through the fube side of the heat transfor tnit
will transfer heat energy o the coolant, theveby maintamning the emperature of the reactor at g
sutiable femperature. I varions embodiments, the excharging of heat snergy between the covlant
and the reactant streany occurs without mixing of the reactant stream with the coolant, Thus v such
coibodiments 3 may be appreciable that the coolant performs an oxternal cooling Hanction.
Consequently, the temiperatute of the reactant stream will decrease and the temperature of the
coolant will mwrcase, As the empenaturs of the reactant strewm docreases, the temperature of the
reactor is maintained at a suitable femperature,
{00113} Examples of the coolant include but are not limitted to 3 frosh smount of the bio-
based materigl, a fresh amount of hydrogen, a portion of treated oil, or a combination thereol, ora
heat transfer fhad, The portion of treated oif vsed as the coolant may be freshly prepared or
prepared in a previous batch,
{00114} f various embodiments, the coolant may be inbroduced into the apparatus for
cooling the reactor in g single portion or more than one portion and may be dependent on the
number of bads i the reactor. In various embediments, the volume of each portion of the coolart
may be adiustable from 0 to 100 Wit of the total vohune of coolant. In varows embodiments, the
total volume of coolant may be dependent on the range of temperature to be vontrolled. For
instance, if the temperaturs increass is relatively high (in other words, the range of temperaturs to
be controllad is relattvely big), It may be necessary to use g greater vehume of coolant.
[00115] fa various embodimoents ansd as usirated in Figure 5, after stream 103 and stream
106 passes through the frst bed (B1) and they react in the presence of the catalysy, the temperaturs
in the reactor 135 may change {or increase) front a fist temperature {T1) to 8 seeond lemperature
{T2). For instance, the first tomperature may be about 320°C and the second temperature may be
abeut 380°C, The weresse w terperature 15 becawse the reaction between the bo-based matenal
and hydrogen s an exothermic reaction, theveby producing a sipmficant amount of heat,
Mubsequently, the reactant stream may flow through o side {such as the tube sde) of the heat

transfer nait (M1 which is located at the nterface (denoted by a dotied Hney botween the first bed
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{B1)and a second bed (B2}, and voolant {1 ) may be iredhuced into # side (snch sy the shell side)
of the heat sransfer umt {H1), such that the coolant {T1) causes the temperature in the reactor 133

¥

1o change {or decrease) from the second temperature {13} to a turd tempersturse (T3}

{00118} In various embodiments, the third temperature (13) may be the same temperature
as the first tomperature {T1) or 8 differemt temperature, as long as the thivd emperature {T3) 15
lower than the second temperature {T2). Consequently, the goolant (C1} having an initial
semperative (inlet temperature To) would have 3 final temperatire {outlet temperature. Ty,
wherein the initial temperatare §s lower than the final temperature. After the Mo-based material
(atrearn 103) and hedragen {stream 108) passes through the second bed (B2} and the two
substances repet in the presence of the catalyst, the temperature in the reactor 133 may change {or
morease} from the third temperature {T5} to a fourth temperature (T4, o various embodiments, the
fourtl tenyperatare (Ty) may be the same tfemperature as the second temperature (T2) or a different
temperature, as tong as the fouth temperature {T4) is higher than the third temperature {13}, I
varicus embodiments and as Hustraied in Figure 3, the reactant stream oy fow through a side
{such as the tube sideY of a heat transter wit (42 which is locnted at the interface {denoted by a
dotted {ine} between the second bed (B2) and 1 third bed (B3), and coolant {{U2) may be introdused
e 3 side (such ag the shell side} of the bheat transfer wait (H2), such that the voodant (C2) canses

\

the tempersturs in the reactor 135 o changs (or decrease} from the fowth lemperatare (Ty) 0 a
fifth temperature {(Ts). In varioos embodiments, the filth temperature (T3} may be the same
tempersture as the frstthird temperature (T3} or a difforent temperature, a5 long as the fifth
temperaturs {Ts) is Iower than the founth temperature (T Consequently, the coolant {2} having
an iuitial temperature (Infet temperatiee Tg) would have a final temperature (outlet temperature
To'), wherein the inttial temperatee is Jower than the final temperature. After the bio-based
material (stream 103) and hydrogen {stream 106} passes through the third bed (B3} and the two
substances react in the prosence of the catalyst, the temperature in the reactor 133 may change {or
increase) from the fifth temperatore {Ts) to a sixth tenwperature (1), In various embediments, the
sixth temperatre {Ts) may be the sune tomperature as the second/fourth tmmperature (T Ty or a
diffrent temperatire, a8 long as the sixth temperature {Ts) 18 higher than the fifth temperaturs

{Ts).

00117} in varions embodiments, the teated oll can be further processed o form green
diesel andfor @ phase change material (PCMY In various embodiments, the treated oil can be
further processed to form an industrial sobvent. In various ersbodiments, further processing of the

sreated oil fo form ereen dicsel, POM andfor indusinial solveit makes we of a combination of a

by
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distillation step and an adsorption step. L is appreciable that the ratio of treated ofl that undergoes
further processing to form gresw dicsel to the POM and the industrial selvent s fom 100 &t in

gthior wiewds,

thers s no Hmitation to the ratio of treated ol that andergoes further processing to
form green dissel io the PUM and the industrial solvent. Ax used herein, the term “POM portion”
when used 1 the contaxt of teated o, refers to the proportion {or ralio) of treated off that

undergees further processing to form POM and the tndustrial solvent

[00118] In various embodiments, the treated oil produced by the method of the present
mvention may contain a low vohume of Boparaffing or a high volume of isoparafiins. Isopamaffing
obtatned from the method of the present invention may be substantially free of salfur, olefing and
aromatics, non-toxic and do not fead to the formation of havmful products during combustion. As
wsed herein, the term “substantially free”™ when used in the context of a byprodaot {e.g. sultur,
olefins, sromatics or & mixtore thereot) i the treated oif refers (o an amount of less than 100 parts
per milion by weight (ppmw), less than 530 pprow, less than 20 ppmiw, less than 10 ppow, lesg
than § pprw or less thae | ppmw i the reated ol

{00119} In various embodiments, when treated oil is fether processed to form POM, the
POM may be substantially froe of sulfir, aromatics and aleohols. As used berein, the term
“substantially free” when wsed in the context of a bypraduet {e.g. sulfur, aromatics, aleohols or a
mixture thereo!y in PUM refers 1o an amount of less than 100 ppraw, less than 50 ppmow, less than
20 ppamw loss than 1 ppwnw, less than § pprew o kess than | ppasw i the POM. Advantageously
and as Hustrated in Table 7, PCM obtained using the treated oif may be substantially free of sulbur,
aromatics and alechols,

{00120} In various ambodiments, g high volume of iseparaffins may be desired. In vartoug
embodiments, there 15 no need to contact the treated ol with an somerization catalyst wder
isomerization conditions to at least partially isomerize the n-paraffing to soparafiins. This
because the teated o1l nuy comprise a igh volwne of iseparaliing. In particular, the catalyst used
in the process of the present invention may canse tsomerization of the bio-based malerial o cecur,
thereby producing a high volume of isoparafling. In contrast, prior art methods may requure
isomerization of the trested oil becaose the treated ofl may comprise sssentially all n-parafiins,
thereby having poor cold How properties, As such, i it is distrable to improve the cold How
properties of the treamted oil, the treated oil obtained using prior grt processes may Tegqure an

additional stop of isomerization,

{0011} In yaripus embodiments, & low volurne of soparaffins may be destred, Generally,

it is difficult if not impossible to separate soparaffin from nonmal pavathn (e-paratiin, 0n-Clito
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n-C18 Ifthere is & high volwme of soparatfin in the treated oil, the resuling POM would condain

soparafiin as gn impurity and the purity of n-paratfin of the POM would not reach 99 wits. I
varfous embodivents, the puwrity of neparaffin of the POM is about 99 with, In variows
sbodiments, the FOM comprises at feast 99 with of n-paraffin, wherein the p-paraflin may be at
feast one kind of neparaffing Consequently, the POM & obtained in high purity and consists

sssentially of n-paraffing

{00123} In varipuy embodiments, the method fwrther comprises passing the treated ol
through a distillstion il and an adsorption unit 1o form green digsell In othor words, the
distillation unit is coupled to the adsorption wiat, For example, the distilletion unit i connected to
the adsorption unit, Advaniageously, the guality of the green diesel is comparable or belter than
green diesel produced by prior art methods. In various embodiments, the flash point of the green
divsel of the present ivvention is relatively higher than the Hash poind of green diesel produced by
prior art methads, This way be because the treated ol is passed through the distillation unit. In
various smboediments, the distillation wait comprises st least one distiliation cohumn, [n vanous
embodimentts, the green diesel may be obtained w1 a yvield of about 80%% 1o aboul 853% ol the bio-
based material. In various embodiments, the tsoparaffin content in green divsel 15w the range of
ahout O w9 10 about 10 widh and the n-paraffin content in green dicsel is in the range of abont 94
wito to abont 10 wide,

[00123% o various embodiments and a5 Hustrated in Figure 1, the treated oil for making
green digsel (streany 113, wherein the composition of stream 112 1 identical to straam 113} passes
throueh a distiflation unit {apparatus 13%9) ollowed by an adsorption mnit (apparatus 140}, In
various embodiments, stream 113 passesthrough apparatus 139, which may comprise a distifiation
tower operating @ almospherie pressure or under vacwen for separating out low botling point
hvdeovarbon compounds (stream 116), 5o that the green diesel obtained may have a higher cetane
aursber angd Fower volame of sulphur, {n various embodiments, the cotane number is at least 100,

in various embodiments, the green diesel oblained has a cetane munber olabout 100 to about 105,
In contrast, prior art methods may lead to a green diesel having a lower cetane number, As such,
the green diesel of the present invention may have a relatively higher flash point comparsd 1o prior
art greun diesel. In various embodiments, the flash point of the greon dicsed of the present invention
may be in the range of about 100°C to about 130°C, about 11O o about 130°C, sbout 120°C to
about 130°C, or about 120°C to about 1253°C. In various embodiments, the produst obtained from
apparatus. 139 is stream 115, which i3 subsequently passed through apparatus 140, wherein

apparatus 144 s adapted for climinating sulphur and deereasing acidity of stream 1S, therehy
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forming groen diesel {stream 117}

[00124] In various embodiments, the adsorption anit comprises at least one adsorbent
selected from the group consisting of activaled carbon, ion exchangs resin, molecular steve and
chemieal adsorbent. In various embodiments, the 1on exchange resin gy be & basic lon exchange
resin o an acidic jon exchange restn In g preforred embodiment, the adsorbent is 8 basie jonie
axchange resin, In varioos embodiments, the chemical adsorbent may be basie or acidie, praferably
basic, Advaageously, the adsorption enit may eliminate contarmpants which may affeet the
efficiency of the catalyst, Furthermore, when the treated oil passes throagh the adsorption anit, the
resubtant groen diese] may have desirable properties such as a lower amount or a negligible amount
of contaminants such as but not Himited to sulphie, an oxygen~containing compound, 2 triglveeride
andfor ackd. In various emtbodiments, the resubtant green diesel may by substantially frew of
exygen-containing compounds, substantially free of a heavy fraction (such as wiglycerides or
heavy paraffin content having more than 20 carbon atoms) or substantially fres of both, As wsed
herein, the term “substantially free™ when used in the context of a byproduat {e.p. at least one
oxygen-containing compound, at least one heavy fraction or a mixtwee theree!) W green diesel

rafers to sy amount of less than 1 wiSe, less than 0.8 wi%, leas than .0 wiSe, less than 0.5 wi%e

e

less than 0.4 wits, leas than 0.3 wi%4, less than 0.2 wids, less than 0.1 w eis than .05 wide, or

¥ &
loss than 0.01 w130 inthe green dissel Cousequently, the green diesel may bave a relatively narrow
distillation rangs and trace amount of mmpurities.  In various embodiments, the total plycende
content in the green diesel is equivalent to the triglyeeride content in the green diesel. In varipus
embodinumts, the total glveeride content in the treated ol Is squivalent to the total glveeride
content in the green diesel, IHwould be undersiood by a person skitled i the st that standard tests
such as BN 14105 may be used to measure the total glyceride content. In vatious embodinents,
there v less than 1 wif, loys than 0.8 wi%%, leas than 0.6 wi%e, leas than 0.5 wide, loss than 04
wiYo, less thary 0.3 wth, less than (07 wit¥, less than 0.1 wite, or less than 005 wiYe of towl
ghycerides in the green dicsel. In various embodiments, there is about 0.01 wi%s to about .85 wit?s

of tolal glveerides in the green dicsel, In vartows smbodiments, there 15 abont 0038 wids of total

)

glyeerides in the green diesel.

et

[00125] In contrast, prior art methods may be inferior compared 1o the method of the prosent
invention baeagse conversion of tnglycerides is incomplete, therefore resulting m the presence of
wireacted triglyeerides. Consequently, such prior art methods msy resalt in o green diesel having
inferior quality andior such prior art methods reguire an additional step 1o separate the wreacted

trighyeendes, Ty conteast, the wethed of the present vention dogs nod requie any additionsd

stepis} to separate uneeacted tnglycendes, whereby each additional step may be a complicated
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process that requires a significant amount of ensrgy or relatively high snsrgy so that the removal
of the unreacted trighveerides can be carried out. Advantageously, us the green dicsel of the present
invention is substantially freg of oxygen-containing wmpmmd oxidation of the green dieset of
the present invention may be reduced or prevented. As suth, good thermal oxidation stability may
be achieved,

001 28] In various embodiments, the sdsorption anit may be a cohumn (ov an adsorption
columny or & set of columnas {or adsorption cohumng). Iy various embodiments, more than pne
adsorption nnit may be used.

{00127} T sarions embodiments, the adsorption of contaminants sach as but not limited to
heavy metals, sulphur compounds and acids from the trented ofl may proceed at &immphmm

wessurs, al a temperatoare of ghont 30°C to sbowt 707C and a space veloety of abouwt 8.3 hito 2.0
pe

b,
[00128] In various embodiments, the tenwperaturs of the sdsorption unit does not need to be
adjusted, thereby leading o case of operation, In addition, the temperature of the adsorption unit

rnay he selected based on the temperature of the bio~based matexial or the treated ol

f00128] I variows ombodiments, the method further comprises passing the freated oil
through at least one distillation colump to separate the freated off into at least one compeonent. {n
other words, mors than one distilstion colunng may be coupled to each other. As suchy, the method
further comprises the step of distillation, in particadsr bat not Hmited o, vacuum distilation. In
various embodiments, the distillation column may comprise st least one packed eolumm or at least
one tray coluron, In an embodiment, there may be four distilation cohums, In varloas
embodiments, the distiflation columm may be part of & distillation unit. In other words, the

distiflation unit may comprise af least one distilation coluam and ether conponents,

(00130} fn vartous smbodiments, the distiflation may be carred out in bateh mode or
conthiuous mode. In various embodiments, the distflation may cccur at a pressure of about 5

millibar (mbar) to abowt 100 mbar, In various embodiments, the temiperatare at the top of the
distillation column may be abouwt 120°C {0 about 190°C, while the teraperature in the rebotler may

be about 17000 o about 23000,

[00431] In various embodimenis, POM may be obtained and possess desirable
characteristios such as belng odor-less. In other words, the scent of the POM may be eliminated.
{1 contrast to a PCM obtained by a prior art method, the PCM of the present invention may have

comparable or better purity, a diffevent range of melting temperature andfor & ditferent heat storage

capacity or heat of fusion. In various embadiments, the PUM may be abtained i a yield of about
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0% to about 0% of PUM portion in the treated oil {or treated off feed). In vartoas embodiments,
the isoparaffin content in PCM s in the range of about O wi¥h 1o about 1 wi and the n-paraffis

sontent in PCM s iy the range of about 99 wili to about 100 wiM,

{00133 i various embodiments, the at least one component is selected from the group

consisting of neparaffin having less than 16 carbor atoms, v-hexadecane {n-C10), n-heptadecane

{n~C 17}, nootadecane (n-C18) and nepavaffin havigg more than 18 carbon atoms. In various

embodiments, the at least one component may be an indostrial selvent, b vartous embodiuents,
the purity of the at least one component 15 high, In vartous eibodimends, the industrial solvent
wiay have high purity beeause ftcomprises at foast 89 wi% n-paratiins. Consequently, the industrial
solvent may predominantly confain neparaffing and therefore have good exidation thermal

stability, In other words, the industrial solvent consists essentially of n-paraffin, wherein the n-

paraffin may be at least one kind of n-parathin

[00133] fu vartous embodiments and as ostrated in Table ¥, the industrial solvent obtained
from the method of the present Invendion may comprise less than 1 pen of sulpluyr and less than
U wi% or negligible (not detertable via anadytical methods) arowatic componnds {or aromatic
content). In various embodinents, the industrial selvent may contain less than or equal to 30 parts
per million by weight {pprow} of water. 1o contrast, semmercially available green diesels may
have a significantly higher smount of water, such sy 3000 ppmw of water, In variows
embodiments, the industrial solvent of the prosent invention may have other features such as bat
not Himited tor relatively high flash point, relatively narrow distillation rauge, low viscosity, mild
colour, mild odour, low density, nonepolar, and low reactivity. In various embodiments, the
industrial solvent may be a non-Hammabhle lguid because it has » relatively high flash point. {n
various embodiments, the Hash point of the industrial solvent may be about 120°C to about 13°C,
{n various embodiments, the distillation range of the industrial solvent iy in the renge of abouat
24000 1o about 280°C or abeut 250°C 0 about 270°C, In various smboediments, the IBP of the

industrial solvent is at least 240°C or at least 2530°%C0 In various embediments, the FBP of the

industrial solvent 1s &t most 280°C or at most TH°C.

{00134] In varipus embodiments and as fHustrated in Figure 2, the veated oil for making
BOM (stream 114, wherein the composition of stream 112 15 idontionl {o stream 114} passes
through a distiffation colwmn {apparatis 142}, thereby separatiog stream 120 which contains n-
paraffin having less than 16 carbons and stream 119, Stream 119 then passes through snother

distillation colomn {apparatus [44), thereby separating stream 123 which contains n-hexadecane
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ay & main componzit of at least about 990 percent by muss and streany 122, Strearn 122 then
passes through another distillation colwmny (apparatus 146}, therehy separating stream 126, which
contains n-heptadecans as & main component of at least about 89,0 percent by mass and stream
125, Stream 125 then passes throngh ancther distilation columin (apparatus 1483, thereby
separating stream 129 which contains nroctadecans as a main component of &t least about 929
percent by mass and stream 128, which contains r-paraffin having more than 18 carbon atoms as
a main component, y various smbodiments, stream 128 may exit from the bottom of distillation
column (apparatus 148) and used as a fael oil (bunker o), Accordingly, more than one distiliation

solumns may be coupled to each other. In various embodiments, the fuel oif may be used fwr

various applications such as bug not Umited to fuel for mobile engines.

[00135] In various smbodimenis, the method further comprises passing the at least one
component through an adsorption anit. In other words, the distillation column i coupled to the
adsorption unit. For cxample, the datilatton columm is connested to the adsorption unit,
Advantageousty, the sdsorption umt may improve the guality of the s least one component by
eliminating any remaining confaminants, thereby making it suitable for a destred use, such as bt
ot Hmited to an indasirial solvest or a POM. Remwoval of the contaminants, such as but not Hinuted
to andesited volattle organic compounds, substances that may Inypart @ bad odour or colowr o the
mdustrial solvent andior the PUM, may minimire or climmate undesivable choracteristics of the
industrial solvent or the POM, such as but not Himited to a bad odour or an nndesired colour.
[00136] In various embodiments, the adsorption unit comprises at least one adsorption
column, each adsorption colimn may comprise at least one adsorbent selected from the group
cousisting of activated carbon, on exchange resin, molecular steve and chewical adsorbent. In
various embodiments, the fon exchange resin may be a baste jon exchange resin or an scidic lon
gxchange resin. In various embodiments, the molecular steve miay have a pore size ranging from
about 3 angstrom {A)  about 15 AL In various embediments, the cherieal adsorbent may be basic
or acidic, preferably basic.

{00137} I varioons embodiments, when a contaminant Hows through an adsorption unit and
contacts an adsorbent, the contaminant v adsorbed by the adsorbant

{00138} In various embediments, the adsorplion may proceed st attmospheric pressure, al a
ternperature of about 30°C 1o ahout 70°C and & space velogity of about 8.3 bl to 2.0 kY

(00138 In various embodiments, the lemperature of the adsorpiion untf dogs not need to be
adjusted, thereby leading to sase of operation. In acdition, the mmperature of the adsorption unit
may be selected based on the tomperaturs of the thput stream, such gs but not limited 1o stream

P20, streany 123, stregny 126 and stream 138
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[00140] Iy various embodiments and as iHustratzd in Figure 2, stream 128 passes through
anpadsorption unit {apparatus 143) to forns stream 121, which is suitable to be an industrial solvent.
{00141} [ various enabodinents and as tHostrated o Flguee 2, strearn 123 passes theough
an acdserprion wirl (spparatus 143} o form stream 124, which 15 suitable to be a POM (POM #1).
001421 In varions embodiments and as Hustrated in Figure 2, stream 126 passes through
an adsorpiion unit (apparstuy 1473 to form stream 127, which is suitahle 1o be a POM {POM #2),
[00143] Iy various embodiments and as Hlustrated in Figure 2, stream 129 passes through
an adsorption unit {(appasatis 149) to form stream 130, which i3 suitable to be a POM (POM #3).
{00144 i another aspect of the present wvention, there is provided groen diess] obtainable
by the method deseribed above, wherein the green diesel comprises isoparaffin i an amount of §
to 1wt and neparaifin in an amount of 90 to 100 wi¥,

{00148} In various smbodinments, the distillation range of the green diesel is relatively
marrow. In varions embodiments, the distillation range of the groen diesel is 1 the range of about
200°C 1o about 3530°C, abows 230°C to about 330°C, abowt 255°C o abowt 330°C, about 255°%C i
about 323°C, about 260MC to about 325%C, about 200°C 1o gbont 330°C, about 230°C to gbout
323%, or abewt 260°C to aboat 323°C, In various embodiments, the iniiial botling point (18P of
the green diesel is in the range of about 200°C to abeout 350°C preferably about 230°C t» abowt

OUC, about 250°C o about 2709C, abowt 2533°C to about 265°C,

In variows embodiments, the
TRP i3 at least 250°%C, ot least 235°C or at least 260°C. Compared with conmercially available
green diesels, the I1BP of the green dicsel of the present fuvention may be relstively higher, In
various envhodiroents, the IBP of the green divsel of the present invention may be about 260.5°C,
whereas the IBP of a first commercially available green disssl 1s 180°C, while the IBP of a second
commercially available green diesel is 173°C. Consequently, this shows that the green diesel of
the present fuvention has a higher composition (or proportion) of normal parafiin having high
carbon atoms {such as 1-C13 to n-C18) than commercially avatlable preen diesels.

{00146} in vartous embodiments, the final boiling point (FBP) of the green diesel is lower
than commercially available green diesels. In variouws embodinents, the FBP is at most 350°C, ¢
most 340°C, at most 335°C, at most 330°C or at most 335°C. Specifically, the FBE of the green
diesel of the present invention is about 3230°C, whereay the FBP of the frst commercially
available green dissel is 300°C while the boiling point of a third commercially avatlable green
diesel 15 from 350°C. Consequently, when the green dicsel of the presant nvention is used {or
combusted), the amount of pollution generated 13 relatively lower than commercially available
green dizacls, For example, less sauall particles ave genersted from combustion of the green diesel

of the present invention,
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001471 I another aspect of the present invention, there iy provided a phase change wateriad
phisinable by the method descrdbed above, wherein the phase change materiad comprises

oparaifin inon amwunt of € i 1 wit and s-paraffin o an amotnt of 89 o 100 with.

100148] Iny acoordance with another avpect of the invention and as illustrated n Figare 1
there iy provided a system for processiog a bio-based material comprising a reactor 1338 {for reacting

the bio-based material (stream 107) with hydrogen (stream 104} inthe presence of a catalyst on a
support 1o form a treated ol {stream 109} wheremn the bio-based materisd {stream 101) 15
renewable: and wherein the resctor 135 comprises a cooling function for controlling the
temperature of the reactir; wherein the cooling function s at least one of an indernal cooling

fanction and an exiernal cooling function,

[00149] By various embodimenty and as illnstrated in Figure 4, the internsl conling fmetion
muay comprise 8 cooling substance, wherein the conling substanes may be a frosh amount of the

bio-based material, a tfresh amount of hvdrogen, and/or a portion of the treated ol

[001501 In various embodiments and as tHustrated in Figare 1, the system further comprises
a hitgh-pressure separator {apparatus 137) and a low-pressure sepavator {f&pp&rams 133} for passing
the treated ofl {stream 109} through. o variows embodiments, the reaotor 135 15 coupled to the
high-pressure separator {apparatus 137}, For example, the reactor 135 I8 connected {0 a heat

xohanger (apparatus 136) and the heat exchanger (apparatus 136} is connected {0 8 high-pressure
separator {apparatus 1371 In vartous embodiments, the high-pressure separator {apparatus 137} 18
coupled to the low-pressure separator {apparstus 138). Por example, the high-pressure separator

3

{apparatns 137} is connected to the lowepressure separator {apparstus 1383

001613 In various smbodiments, the external cooling function comprises a mulli tube ora

shaltow bed regctor or a heatdranstsr vt

00182} In various smbodiments, the external cooling function further comprises a coolaw,
wherein the coolant may be a frosh amount of the bio-based wmaterial, 8 fresh amount of hydrogen,

artior o portion of the treated oil, or 8 heat transfer fluid.

[00153] In various embodiments and as tHusteated in Figure 1, the system further comprises
s distitlation unit (apparatus 139) for passing the treated oil (stream 113} through to form green

diesel {stream 117} In vartous embodiments, the distiiation untt (apparatus 139} ts couplod to the

fow-pressure sepavstor {apparstus 138), For example, the distillation anit {(apparatus 139) is
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connected to the low-presswee separstor (apparatus 13831

{00154} In various embodimenis and gs tHustrated in Figure 1, the system further comprises
an adsorption unit {apparatas 140} for passing the gresn diesel {stream 117} through. In variouns
embodiments, the adserption unit (apparatus 140} s coupled fo the distiligtion unit {apparatng 1391,
For example, the adsorption unit {apparatos 140} s conmected to the distillaticn unit (apparatus

139).

[00185] iy various embodiments and as Hustrated m Figure 2, the system fnrther comprises
at least one distiflation colums (such as apparatus 142, apparstus 144, apparatus 146, apparatus
148) to separate the treated oil into of least one component. In various embodiments, one of the at
feast one distillation column {such as apparatus 142} 1s coupled (0 the low-pressure separainr
{(apparatus 138). For instance, the disiillation columm {apparatus 142} 5 connecled o the low-

pressure separator {apparatus 1381

[001586] o varions embodiments and as illastrated 1o Fgure 2, the system further comprises

any adsorption colamn {such as apparatus 143, apparatus 145, apparatus 147, apparatus 14%) for
passing the at least one component through. In varions embediments, the adsorption column may
be part of an adsorption unit, In vaviouws ewboediments, the adsorption colamn {(such as apparatus
143) s coupled to the distillation column (such as apparatus 142). For instance, the adsorption
column {apparatus 143} is connected to the distillation cohwnn {apparatus 142}, the adserption
column {(apparatus 143} s comected o the distillation column (apparatus 144y, the adsorption
column {(apparatus 147) is conneviad o the distillation columan {apparatas 146}, and the adsarption

colurm (apparatus 148} is connected o the distiflation colnnmn (apparatus 148),

[0G1567] Iy accordance with another aspect of the invention and as illustrated in Figure 3,
there is an alternative method for prepaving green diesel and PCML In vartous embodiments, the
method of processing a renewable bio-based material comprizes the step of reacting the bio-based
material with hvdrogen i the presence of a catalyst on a support in & reactor 3 Form a treated ot

{1) passing the treated oif through a distillation unit and an adsorption unil to foerm green diesel;
andfor (11} passing the treated o through at least ope distitlation colunny o sepavate the trested off
it at feast one compunent and passing the at least one component through an adsorption colummn;
and wherein the reactor comprises a cooling fupction for controlling the toniperatuwre of the reactos;
wherein the cooling function is ot loast one of an inlerngl cooding function and an external cooling

function.
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[DO158] Similar {o the method tHustrated in Figure 1, a bio-based material {stream 101) may
be pussed through a pamp (apparatus 131, wherein apparatus 131 15 adapted to control the How
rate and pressure of the bio-based material. As such, when stream 101 passes through apparatus
131, steeamn 12 i formed, whereln stream 102 compnses the bic-based material baving s
predeteranned How rate and pressure, snd wherein the pressure of stream 102 15 higher than the
pressure of stream 01, Stremn 102 then passes throngh a heat exchanger (apparatus 132), wherein
apparatus 132 is adapted to increase the temperature of stream 102, thereby forming strsam 103
which comprises the bio-based material having a predetermined temperature, wherein the
femnperature of stroam 103 {5 higher than the provided a system for processing a bio-based material
comptising & reactor 135 for reacting the bio-hased material (stream 101} with hydroges {(Stream
104) i the presence of a catalvst on a support to form a treated oif (stveam 109); wherein the bio-
hased material (stream 101} 15 renewable; and wherein the reactor 135 comprises a couling
fanction for contralling the terperature of the reactor; wherein the cooling function is at least one
of an internal cooling function and an external cooling finction,

{00159] Similar to the method Hlustrated in Figure 1 and as dlustrated in Figure 3, stream
103 and stream 106 may reast by contacting the surface of the catalyst in the reactor, thereby
producing a treated off (stream 107} In various enthodliments, stream 107 then passes through a
heat exchanger (apparaius 136) Rllowed by a high-pressie separator {apparatus 137) and a low-
pressure sepavator {apparatus 138). In varicus embodiments, the method iHusteated in Fipure 1 s
identical to the methad ilostrated v Figure 3, except that the separation point of the treated oif 13
moved such that the separation point is after the distillation unit {(apparatus 139) instead of after
the low pressure separator {apparatus 1383 In various embodinents, after passing through the
high-pressore separator (apparatus 137), a puified trested off (strearn 109 and & gaseous
component (stream 110} are formed. In varions smbodiments, after the purified treated ol (stream
HI9} passes through apparatuy 139, low botling point hydiocarbon compounds (stream 16} are

separated out

{00160} In various embodiments and as Hlustrded i Figore 3, the treated oil for making
POM passes through a distillation column (apparatus 142), thereby separating stream 120 which
gomains pepacafiin having less than 16 carbonys and stream 119 Stroam 119 then passes through
another distillation volunm {spparatus 144}, thereby separaling stream 123 which conlaus n-
hexadecane as & main component of at least about 99.0 percent by mass and stream 1220 Steeam
122 then passes through another distillation columy (apparatus 148), therely separating stream
126, which containg n-heptadecans as o main somponent of at least shont 99.0 percent by mass

and stream 125 Steeam 125 then passes through another distillation Columy {apparatus 1488},
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thereby separating stream 129 which contains nroctadecsne as a mam component of at least sbomt
99 0 peroent by mass and stream 128, which counting n-paraftin having more than 18 carbon atoms
as A main component. In variooas embodiments, stream 128 may exit from the botton of disullation
columt (apparaius 148} and used as g fued ofl {bunker oil )

{00161} In vartous embodiments and as illustrated in Flgure 3, stream 120 passes through
an adsorption upit (apparatus 1433 to form stream 121, which is suitable 1o be an industrial sofvent,
001621 In varouy embodiments and as dlustrated in Figure 3, stream 123 passes through

an adsorpiion unil (apparstus 143} to form stream 124, which is suttable to be a POM {(PCM #1)

[00163] In vartous embodiments and as Hlustrated in Figure 3, streaw 126 passes theough
an adsorption wnt {apparatus 47 (o foan stveam 127, which ts suitable 1o bea POM {PUM #2).

[00164] I various smbodiments and as Hlustrated o Figuee 3, stream 129 passes theough
an adsorption unit (apparatus 149 o form stream 130, which is saitable to be a POM(POM #5),

foales] {ry various embodiments, it would be undersiood by a porsen skilled i the art that
the PCM {PCM #1, POCM 42, POM #3) obtained from the alternative methad Hustrated in Figare
3 is wdentical to the corresponding POM (PCM #1, POM #2, PCM #3) obtained from the wethod
Hustrated in Flgure 2.

[00186] In varions embodiments and as Hustrated In Figure 3, nstead of passing through

the distillation colums (apparatas 142}, the pwified weated ol may pass through an adsorption
urtit {apparatus 1403, In various embodiments, apparatas 140 is adapied for eliminating suiphar
and decrcasing actdily of stream 113, thereby forming green diesel {stream 117} It would be
understond by a persen skilled in the art that the green dicsel obtained from the method dlustrated

in Figure 3 iy identical to the green diese] obtained from the method tustrated in Figure 1.

(00167} In sccordance with snother aspeet of the invention and as fHostrated in Figuee 3,
there 1s provided a system for processing a bio-based material comprising a reactor 135 for reagting
the bio-based material {stream 101) with hydrogen (stream 104) in the presence of a catalyston a
support to form a trested oil {stream 109} whereln the bio-based material {(stream 101) is
revewable; and whereln the meactor 133 comprises @ cooling function for controlling the
tempersture of the reactor; whersin the cooling function s at least one of an internal cooling

funciion and au exterval cooling function.

[00168] In various embodiments, the system further comprises a high-pressure separator
Capparatus 137) and 8 low-pressure separator {apparntus 138) for passing the treated ofl {stream
{09 theoughe fn vartous embodiments, the reactor 135 I8 coupled to the high-pressurs separator

=

fapparatuy 1373 For example, the reastor 1335 i connecied (0 a hewt exchanger {appamtus 136)



and the heat exchanger (apparatas 1363 Iy comnected to 8 high-pressurs separator (apparatus 137)

In vartous snibodinents, the high-pressure separator {appavatus 137} s coupled to the low-
.

pressure separstor {apparatus 138) For example, the high-pressure separator (apparatus 137) 13

connectad o the low-pregsure separator {apparatus 138}

5 [o0168] e vartous pmbodiments, the system farther comprises a distitlation unit {apparatas
39 for passing the treated ot (stream 113) through. In various embodiments, the distilation unit
{(apparatus 139y 1 coupled to the low-pressure separator {apparatus 138). For example, the

distillation unit {appargtus 139} is connected 1o the low-pressure separstor (apparatus 138),

00170} In various smbodiments, the system further comprises an adsorption unit (apparatus
10 1403 for pagsing the wreen diesel {stream 117) through. Alternatively or in addition, the system

further comprises at least ong distillation columm (such as appavstus 142, appasatus 144, apparatuy

146, apparatus 148) to separate the treated o1l into at least one component,

00171} In various emhodiments, the adsorption unit (apparates 140} i3 coupled to the

distilation unit (apparatus 1393 For example, the adsorption anit {apparatus 140) is connected t

15 the distillation wnil (apparatus 139).
[00478} In vartous cmbodiments, one of the gt Ieast one distillation coloma {such as

apparatus 142) 1s coupled to the distillation uwnit (apparatus 139) Por lastance, the distillation

column (apparatus 1421 1s connecisd o the distillation unit {appamtus 139).

f001731 In various smbodiments, the system further comprises an adsorption column (such
20 as apparatus 143, apparatus 145, apparatus 147, apparatus 149 for passing the at least one
component through. In vartous embodiments, the adsorption column may be part of an adsorption
wid, fn various embodiments, the adsorption column {such as apparatus 143) is coupled 1o the
distillation colunm {such as apparatus 142) Py instanee, the adsorption colamn {apparatus 143
is connected to the distillation columu {apparstus 142}, the adsorption coloman {appavatus 1453 18
25 ponnected to the distillation column {(apparatus 1445, the adsorption columm {apparatus 147} is
comnected o the distilation colump {apparatus 146}, and the adsorption column (apparatus 148}

is conneeted to the distiliation column (apparatus 1483
EXAMPLES

Example 1
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{00174} Different catalysts on an woidie porous solid suppoert were osed and the

effectsfrosulis obtaimed ave shown n Table 1.

Table T Different types of catalysts and their effects/results

v of the catah forwer i‘héﬂfhﬁ: el ﬁi}tx 1 the group
af NiMo in every experimental condition
Treated ot obtained with a lot of vegetable oil {starting material}
mixed with the treated oil

Yolume of isoparatfin in treated oil is high

NiMofALD:

Efliciency of the ca ‘ii”ﬂ\ high

Cuatalyst activated the hyvdrodeoxygenation reaction
Treated oif obtained without any remaining vegetable off
{starting material)

Volume of isoparaffin in the treated oil is low

Efficiency of the f:.ataiif}st is high

Catalyst activated the hydrodenxygenation reaction
Treated oil obiained without any remaining vegetable ol
{starling maierial}

Volume of izsoparatfin in the treated ol is low

NiCoMo/ALO:

E%;iﬁcie;mis; of the catalyst is lugh
Catalyst activaled the decarboxylation reaction, decarbonylation
reaction and spmcrization reaction

Trested oil obtutned without sny remaining vegetable ofl
{starting material)
Volume of n-C1 38 wnd 0-C17 in treated ol s lngh

YVolume of iyoparaffin in treated oil is high

NiMoF Al

if?:'i_"f_*;vaiem}f of the eatalyst is high
Catalyst sctivated the isemerization reaction

Treated oil obtained without any remaining vegetable ol
{starting material.

Volume of isoparatfin in treated oil 15 high




Example 2

(5]
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[ou175] Factors that affect the efficiency of the catadyst were investigated and are shown in

Table 2.

Table 2: Various factors and their effects/results on the catalyst

Heavymoetal in bio-based

material

metal
Efficiency of the catalyst decreased rapidly
freaversible damage to efficlency of the catalvat (fe.

unable 1o recover efficlency}

Axtive sites of the catalyst were destroyed by the heavy

Phosphelipid compound in

- hip-based nuterial

)

&

Active sites of the catalyst are oveupied by the
phospholipid compound, thereby leading fo aloss in
available active sites for catalyst (o react the bio-based
material with hydrogen
Eificiency of the catalyst way decreased rapidly
Irreversible damage w el

unable © recover efficiency}

woey of the catalyst {Le

Lack of hyvdrogen

]

Avctive sites

rea
Efficiency of the catalyst decreased mpidly due 1o divect
contact of bo-based material with the casalyst
Trreversible damage to efficiency of the catalyst {ie

unable to recover efficiency)

5 of the catalyst were covered by coke front the

ction of vegetable ot without hydrogen

Lack of bio-based material

Active sites of the calalyst were transformed 0 a new type
of active site with lower efficiency
Efficiency of the catalyst decreased dus to direct contagt
of hydrogen with the catalyst
Eificiency of some parts of the catalyst

adding sulfidation agent

as recovered hy

-

Lack of sulfidation agent

 ®

Active sites of the catalysf lose the sulfue withowt Tecetving
the substitute saifur

Efficiency of the catalyst decrcased
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»  Bificiency of the eatalysta was recovered by continuously

sdding sulfidation agent

Example 3

[001786] A methed in accordance with embodiments of the present invention was eartied out
using palmy olein ay fvedstock, hydrogen and the catalyst used was Nio on AbOs, to propure

freated oil, The tomperatee of the reactor was varied from 300°C 1o 360°C at g pressure of 30-70

bars, spase veloaity was 1.0 b and ratio of hydrogen gas to pabm oleirr was 0.06 g hydrogendg

fag

o,
{80177} Seleeted examples of the properties of the treated oif are shown in Table 3.

Table 3: Effect of temperature on proparties of treated ol

0113

2 320 3§ 0.074 23,0

3 340 3§ D50 22,5

3 | 350 3E 0.033 222

360 35 040 222
Example 4
00178} Another taethod In accordance with embodinents of the prowent invention was

carricd out to illusirate the offect of using different catalysts, such as NiMo/&h(h and
NiCoMao/AhU, inthe method of preparing a treated ol The temperature ofthe reactor was 330°C
at @ proysure of 35 bars, space velocity svas L0 hr'! and ratio of bydrogen to palm olein was (.06

g hydrogen/g oil,

pee

[00178] The properties of the obtalned tremted off are shown in Table 4.

Tahle & Effvct of catalyst on properties of treated oil

Amount of branched-chawn 3.0.1.2 43486

- Paraffins (with)




i

1g

20

Chiher componenis having AN 2.8

Carbon less than 15

fCloud Poind Value 228 : 218
| Avid Value B (.009-6.171 TG026-0.096
[00180] The results in Table 4 show that the NMiCoMo/ALQ: catalyst led to g higher amount

T

of branched-chain puraffins in the resultant green diesel relative to the NiMo/ALU: catalyst,
Without wishing 1o be hound by theory, i s believed that the NiCoMo/ALO: catalyst will cause
g isomerizatinn reaction, which will convert linear<chain paralfin products to branched-chain
paraffin products, as reflected by the cloud point of the products, bn particular, since Hnear-chain
paraffin products have the same number of carbon atoms as branchedschain parafiin produsts,
tranched-chain paraffin products will have a lower meliing point than Linesr-cham pavafhio
products, Theretore, a higher amount of branched-chain paraffins will lead to a decrease to the

clowd point of e rosultant gresn diesel.

o181} The results in Table 4 also show that the amount of branched-chain paraffing in the
products prepared using the NiMo/ALO; catalyst is lower than the products obtained from the
NICoMo/ALOs catalyst, which micans that the treated oil obtained using the NiMo/AROs catalyst

is more suitable for POM production.

[001832] Furthermore, 1t was found that both catalysts, NiCoMo/AlL:(r and NiMolALO
orovided produects having sinitar acid values, thereby showing that they have similar catalytic
efficiencies.

Example §

[6o183] & method in accordance with some embodinments of the present invention was
carried owt using palm olein as feedstock, hydrogen and the catalyst used was NiMo on AlOs, te

prepare treated oil sultable for preparing a POM. The terperature of the reactor was 33°C a

w—»

prassurs ‘af 33 bars, space velocity was L0 i and ratio of hydrogen to palm olein was 0.06 g

hydrogendg oil,

{00184} The treated oil was passed through g method of separation to remove undesired b
products and gases, Subsequently, the treated ofl was introdueed it & vacuum distillation towe

in accordance with embodiments of the present inverndion.

{00185} The volone and composition of the POCM products and by-praducts obtaived from



1o

ey
L.

[
i

asing 100 litres of treated oil ave shown i Table 5.

Table $: Properties of PUM products 2

tad by-products obtained

Produet volume ] 20 ;

{1.itre) |

Crs 0.2 00 0.0

Cis ' 99,5 TR 00

= T T o

Cia 0.0 0.3 995

Other 4.3 I 0.5
Exsample 6

{00186}

using variows bio-based material us feedatock, hydroge

<&

A method in accordance with embodiments of the present brvention was carded out
n and the catalyst used was NiMo on AkDs,

fo prepare treated oil suttable Tor preparing green diesell The wemperature of the reactor was 350°C

Py

at g presse of 33 bavs, space velocity was LD he'b and ratio of hydrogen o bio-based material

ro-hased material,

< &

was 306 g hydrogen/g b

foo187]
in, and Palm Patty Acid Distillate (PFAD) and the offee

The following bio-haged matertals weve used: Bleached Palm O {BPO}, palm

shown in Table 6.

Table 6

Effect of bio-based material on properties of green diesad

Qther componeats having less 2729 20-3.1 2.9-3.1
than 15 Carbon
Clowed Point Valae 216 228 233

Acid Valug 3015008 (LOB9-0.171

[00188)

less than

The resulis show that the cloud point value and smount of other components having

13 carbon stoms will chasge slighily depending on the differeat bin-based matenial,

Howgver, assuming that there is no contamination due to the bio-hased waterial, vsing 8 differant

big-hased material will not affect the catabyst efficiency, as reflected by the similar acid valug of



ireated ol obtained.
Example 7

{00188 A methed in accordance with embodiments of the present invention was carried owt
fo further process treated ol from Example 4 to form POM and an indusirial sobvent. Nido/Ab:

o
)

was used as the catalyst and the method s identical to that Hustrated in Figures 1 and 2.

L1

Consequently, an industrial solvent (GTR) and thvee diffevent PCMs (POM #01, #02, #03)

{stream 121, 124, 127 and 130 respectively) werte made.

{00190} Fxperiments were conducted 0 study the charctoristios of POM 801, $02, #03
obtained from the method of the present invendion: The characteristios of POM #0T, #02, #03 are
13 shown in Table 7. hupartantly, POM #01, #02, #03 were obtained with high purity ol at least ¥
by weight, as analysed by Gas Cleomatopmphy — Flame Tontzation Detector (GC-FID). In
contrast, the commercially available POM has a purity of about 89% 10 about %%, Conseguently,
the commercially available POM had o purity of about 3% to about 10% less than the POMs

ghiained in the present invention.

[
W 43

{00191 Farthermore, sxperiments were conducted to study the characteristics of the
industrial solvent {GTR1) obiained from the method of the present invention (Table 8)
Advantageously, the industrial solvent was found to contain loss than 1 ppm of sulphur and less

than 1 wi% or negligible (not detectable via analytical methods) aromatic compounds.

Table 71 Characteristios of POM #01, #02, 803

: 17-19
Heat of Melting (Jg) 200-220 200220 200-220

Sudfur Content (ppim) <lppm | <Yppm < s
Aromatic Content (wi%) <Ywitdh <lwide <) wity
Alcohod Content { ppm} <ippin < <Ippm

Flash Point (7C)




s
e

ASTM D4032

Vapor Pressure 3.0-0.0

{kitopascal) ASTM 34933

Avomatic Content ] I3 < Ippm

Quifur Coutent ASTM D4294 < Tppm

Distillation Range ARTM D6

Riith 2S00

SH%% Recovered a0R

FRP o IR

The structure of POME01, #02, #03 and GTR1 are shown in Table 9. As dlustrated 1 Table B,
GTRI 1s 3 n-paraffin having 15 carbows {p-C15), PCM #01 is 8 n-parailin having 16 carbons {n~
C16Y, PCM #02 is a n-paraffin having 17 carhons {(n-U173 and BOM #03 i3 a n-paraffin having 18

carbons (n-C181.

Table 9 Chemical structures of POM #01, #02, #03 and GTRI made using the method of the

fresent inveriion

GTRi

POM i

POM ¥2



St

)

2
L

a0

POM #03
Example 8

{00182} The distilfation range of g green diesel obtained from the method of the present
invertion is shown in Table 100 In particabar, the treated ofl obtaived from Example 4 was usad,
wherein MiCoMo/ALO: was used ag the catalyst and the tregted oil was passed through a
distilation wit {apparatus 139) followed by an adsorption colunm (apparatus 140} As Hustrated
int Table 10, the distillation range of the green diesed is in the range of abowt 200°C to about 330°C,
in particular ghout 260.5%C to sbowt 323.0°C. Compared with commmercially avarlable gresn
diesels, the 1BP of the green diesel of the present invention is relatively higher. Specifically, the
IBP of the greon dicse! of the preseat fnvention s 260.3°C, In contrast s for instance, the IBP of

a first gommercially available green diesel s 180°C, while the 1BP of a second commuercially
available green diesel is 173%C. Consequently, this shows that the green dissel of the present
invention has a higher eompaosition (or proportion) of normal paratfin baving high carbon atoms
{such as n-C13 to n-C18) than the commercially available green diesels.

[00183]1 Furthermore, it can be seen that the final boiling point (FBP) of the green diesel of
the present invention is lower than commercially available green diesels. Specifically, the FBP of
the green digsel of the present invention s 323.0°C, In contrast and for tstance, the FBP of the
first sommercially available green diesel is 360°0 while the boiling point of' 8 thivd commercially
available green dieselts from 350°C. Consequently, when the green diese] of the present tnvention
is wsed (or combusted), the amount of pollution generated is velatively lower than commercially
available groen diesels. For example, loss small particles are genwrated from combustion of the

green diesel of the present invention,

[001584] fnaddition, the green diesel of the present invention is substantially free of oxygen-
containing compounds (e, no oxygen-containing compounds). In contrast, commercially
available green diesels may contain oxygen-containing compounids. Due to the absence of oxygen-
gontaining compounds, oxidation of the preen dicsel of the present fnvention may be reduced or
prevented. As such, good thernral oxidation stability s achisved. Consequemly, the green diesel

of the present invention has a long-lasting quality and long-term storage. For instance, the green

diesel of the present fovention has an oxidation stability of 35 bowrs avcording to EN 13751



3
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Advantapeously, adsditives such as antioxidants are not required to increase the shelf {ife of the

preen diesel of the present invention,

Table 10 Characteristics of a green diesg!

4 DAG52

Aromatic Content

391

G000 ppm (L6 wids)

Yiscostly

ARTM D45

1.09F mms

C Subur Cottem

ASTM D453

Water Conterg

ASTM DO304

Flush Point

ARTM D93

Oxidation Stability

EN 15751

Distillation Range

ey

ASTM D&

IRP

286.5%C

390,090

2RLO7C

292.0%C

395000

W0

3HOEC

000

96.6%vol.

3. 1%vol.

3. 3%vnl

Cemparative Example 1

[00195]

An industrial solvent of the present invention,

GTRI from Example 7, wayg

compared with 2 seriey of aliphatic wmineral apirits, ShellSof™ D3R (AT, ShellSol™ 10 (A2}



LA

e

P4

(4

{

SheliSol™ D60 {A3), ShellSol™ D70 (A4}, ShellSol™ DRO (AS), ShellSol™ DB0 (A6) and

]

SheliSoi™ D100 (A7) {Table 11). The information regarding the serics of aliphatic mineral spirits

Al to A7 is based on the technical datasheets prepared by Shell™ and the test methods are a8

folfows: American Society for Testing and Materials (ASTM) 236 wwas used to measure the flash
point of A1 to A3, ASTM D93 was used W measure the lash point of Ad to AT, ASTM Da32
was used to measwe the denstty of Al o AT, gas chromatography (OC) was used © measure the
aromatic comtent and the sulfur content of Al to A3, Shell Method Series (SMRS) 2728 was used
to measure the aromatic content of Ad to A7, International Organieation for Standards {150 20846
wag used to measwrs the sulfur content of Ad to A7, ASTM DE&6 was used o measwy the
distillation range of A1 o AT, Aliphatic minerad spirits e produets of petroleum refinery and are
produced by {1} fractionation and hydrogenation of petroleum feedstock such ax virgin naphtba
s

and fidl range naphtha, ov (i) fscher-tropseh process of natueal gas feedstock. They are low

viscosity solvents and have low aromalic content,

[00196] As Hustrated Iy Table 11, an industeial solvent of the present invention such as
(TR has several advantages over the serfes of aliphatic mineral spivits, namd_\ AL e AT For
instancy, the flash point of GTRI Is sigificantly higher than that of Al to A7, Dwe to the
prodaction process and vatwe of the feedstoek, aliphatic mineral spirits contudn highter
hvdrocarbon componnds, thereby cansing the Hash point to be lower than that of GTR 1 A higher
flash point allows GTRT o be rendered @ non-flammable liquid, o general, any liquid that has a

flash point below 93°C is considered a flamnmable liquid,

{po1a7] {n addition, the distiflation range of the industrial solvent of the present invention
such ag GTR1 is significantly narrower than that of the aliphatic mineral spirits. This is beeause
GITRY predominantly countains p-C13 aad smaller amount of lighter ends {or lght fraction).
Furthermore, the aromatic content of the industrial solvent of the present invention such as TR
is lower than that of the aliphatic vuneral spinds {(<Ippm vs «200ppm). This is caused by the fact
that petroleum feedstock osually contaius » considerable amount of aromaties and

hydrogenation unit {a step 1o the provess whereby aromatics ave convertad into aliphatics) always
feaves tree amount of aromatics in the aliphatic mineval spirits. In contrast, the method of the
present invention allows for usage of aromatic-free futdstock berause a bio-based material is uged
as the feedstock instead. Thevefore, the presence of aromatic coutents in the desired products has

heen averded tntnnsically,

j00198] Themmal oxidation stabifity of the indusirial solvent of the present nvention such



ai

eP2]

GTRIE is alse supertor whe compared to the sevies of aliphatic niiiveral spirits. Good thermal
oxidation stability of TR is achieved because GTRT predominantly contains n-paraffing as &
primary component. N-paraffing are more resilient to oxidation reactions compared to aliphatic
compounds. This characteristic is of uimost importance if the industrial solvent s going o be used
for an extended period of tme. o particudar, when the industrial solvent has better thermal
oxidation stability, it is more resiliont to the epvironment and van keep or maintain s properties
within an scoeptable Hmit for a longer pertod of time. Consequently, the industrial solvent of the

present invendton bas & long-lasting quality and long-terar storage.
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Comparative Example 2

{00198 fost commercially available industrial solvents are petrolan-based. Nonstheluss,
biomass-derived industrial solventy bave been stadied and commercially produced. Such industrial
sobvents are derdved from biomans such as starch, callus, varbohydrate, igning terpene and protein.
However, these bio-mass derived industrial solvents do not have properties that are considered

comparable with an indusirial solvent of the present invention, such as GTRI.

200 A example of a blomassderived incdhustrial solvent is & wiglveeride~denved
o w

solvent, Trighyeeride-derived solvents can be categorized as fatty acid methy] esters (PAME) amd

¥

alyesrol-dertved solvents, FAME can be produced by either (1) ransestenification of wiglyoertdes

or (i) esterification of fatty acids. Comparing an industrial solvent of the present invention, such

s GTRY of BExample 7, with FAME, glthough FAME has been widely used as a biofuel, its usage

’lr-?

as an industrial sobvent has been limited due to ity poor properties, Cargill's Agri-Fure™ AP-406
{A8) iz an example of a FAME solvent derived from vegetable ol Although FAME bas a low
amount of aromatics, a low ameunt of sulfur, and @ high Hash poiat, its chemival structurs makes
i incomparable with an industrial selvent of the presesst invention, such ax QTR in Example 7
i particular, FAME has an ester functional group whereas an industrial solvent of the present
invention, speh as GTR, containg predominantly n-paraifing, Consequently, properties such as
thermal oxidation stability, viscosity and colour gre different between an industrial solvent of the
present invention and FAME. For Instance and ay mentioned above, an industsal solvent of the
present fnvention has good thermal oxidation stability becauwse it predominantly containg n-

paraftin.

[R0201] As mentioned above, FAME can be produced by transesterification of triglycerides.
Giiveerol Is an impeortant byproduct when transesterification of triglyveerides 1s nsed for FAME

production. Due to its nature of beiug ¢ highly functionalized compound, glycerol can be converted
inte many kinds of selvents. In particular, the presence of three (3) hydroxyl groups i glyeerad
atlows each of the three hydroxy! groups to be functippalized independently of each other.
Examples of industrial solvents that can be derbved from glycerol include but are not hmited to
rigcetin {AW), glycerol formal (AU, 13 propanediol, 1, 3-dimethoxypropaa-i-of, 1, 2, 3-
trimethoxyiropane, solketal and glyeerot carbonate (A1} Due to the distinetly different chenueal

structige of ghyceral-derived industrial solvents and the industrial solvents of the present invention,

the properties and applications are different. An industrial solvent of the present investion, GTRI
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from Example 7, was comipared with Carghll’s Agei-Pure™ AP-406 {AR}, triavetin {AD), glycerol

formal (8101 and glyeeral carbonate (A T {Table 12) to illustrate the differences,

Table 12: Comparison of indusirial solvent of the present invention and various glveerol-derived

Py

industrial solvents

Flash Pout
{0{&}

120-138 i

LA
£t

£5t 97 »>190

Density o .

o 07078 {1,883 1.16 1.21 b4
{i'mb

Witer

(]
]
e
s
o/
7
o
[
[
i
-

Content

{mg/kg)

Arpmatic
Congent <{ NYA NIA MIA NFA

(ppm)

Sutfur
Content <4 MiA N/A | WA MNAA
(ppmy)

Solubiity . . . o
N lnsoluble Insolable EE N Miseible Misvible
water {gfl} 1

Ceomparative Example 3

{00202} Ligain is a hlomass thal mainly comprises of phenoliv polymers and cap be
processed into an industrial solvent by either hydrogenolysis or pyrolysis, These processes can

convert Henin into pheaolic compounds. As such, when comparing an industrial solvent of the
present invention, such as GTRI from Example 7, with typieal lignin-derived solvents, lignin-
derived solvents predominantly comprises aromatic compounds. Therefore, application and

proporties of Hnin-dertved solvents ave dragtically ditferent from GTRL

f00203) An example of an industeial solvent thad can be derived from Hguin ts lignin
syrivais ol methyl ester {LOME)Y Produaced by pyrolysis of lignin, followed by methylation,
; ! o ) % 5 ¥ i w N = 7 - &

LOME predomingntly (or mainty) comprises of varfous smsoles and veratroles.

{00204} Moreover, heterooyelio seetals can be produced from lignin it s the only product



(4

3

|

derived from Henin that is not an aromatic compound. An sxample of a heterocyelic acetal that

can be produced from lignin is 1, 3-dinxilane.

[00205] Due to the distinotly different chemical structure of lignin-devived industrial

oo

sobvents and the industrial solvent of the present invention, the propertics and applications are
difforant. An industrial solvent of the present tvention, GTRI from Example 7, was compared

with LOME (A 12)and 1. 3-dioxilane (AT3) {Table 13) to Hlustrate the differences.

Table 13: Comparison of indusirial salvent of the present invention and various lignin-derived

industeiad solvents

Properiies GTRY Al3

Flash Foiit

{>0)

120-130 -5

Density ) , ‘
_ 0.76-0.78 146
{mly

Water

v
poss

Content NFA

Himgkg

Aromatie
Content < N/A
{ppm)

Sulbur

Content i WA

{ppm}

Solubihity m

o Insoluble Miscible
water {g/L)
{00206} It will be apparent that various other modifications and adaptetions of the invention

will be apparent to the person skilled 1o the art after reading the foregoing disclosure without
departing from the apirit and scope of the invention. It & intended that all such modilications and

aclaptations vowre within the scope of the appended clains,

00207} Further, it is to be appreciated that feattres from various embadinment(s), may be

combined to furm one or more additional embodiments,
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CLAIMS:

Claim 1. A method of processing a renewable bio-based material comprising the step of:
reacting the bio-based material, comprising triglycerides and free fatty acids, with
hydrogen in the presence of a catalyst on a support in a reactor to form a treated oil;
(1) passing the treated oil through a distillation unit and an adsorption unit to form green
diesel; and/or (ii) passing the treated oil through at least one distillation column to
separate the treated oil into at least one component and passing the at least one

component through an adsorption column;

wherein the reactor comprises a cooling function for controlling the temperature of the
reactor; wherein the cooling function is an internal cooling function comprising adding a
cooling substance into the reactor.; and wherein the cooling substance is selected from the
group consisting of a fresh amount of the bio-based material, a fresh amount of hydrogen, a

portion of the treated oil and a combination thereof.

Claim 2. The method of claim 1, wherein the support is alumina (Al>O3), silica (SiO;) or
alumina-silica (Al203-Si0;) preferably, wherein the support is Al,O3 and the catalyst on Al,Os is
selected from the group consisting of NiMo/Al,O3 and NiW/AlL,Os or the support is AlO3; and the
catalyst on ALO; is selected from the group consisting of NiCoMo/Al,O3, NiMoP/Al,O3; and
CoMo/ALOs.

Claim 3. The method of claim 1, wherein the temperature in the reactor is 200°C to 400°C and

the pressure in the reactor is 25 bar to 40 bar.
Claim 4. The method of claim 1, wherein the space velocity is 0.5 h™' to 2 h™l.

Claim 5. The method of any one of the preceding claims, wherein a ratio of hydrogen to the bio-
based material is 0.03g hydrogen/g bio-based material to 0.10g hydrogen/g bio-based material,
preferably wherein the ratio of hydrogen to the bio-based material is 0.05g hydrogen/g bio-based
material to 0.07g hydrogen/g bio-based material.

Claim 6. The method of any one of the proceeding claims, further comprising the step of
purifying the treated oil, preferably wherein the step of purifying the treated oil comprises the step of
passing the treated oil through a high-pressure separator followed by the step of passing through a low-
pressure separator wherein the high-pressure separator separates a gaseous component from the treated

oil.

Claim 7. The method of any one of the preceding claims,
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wherein the adsorption unit comprises at least one adsorbent selected from the group consisting of

activated carbon, ion exchange resin, molecular sieve and chemical adsorbent,

and/or, wherein the adsorption column comprises at least one adsorbent selected from the group

consisting of activated carbon, ion exchange resin, molecular sieve and chemical adsorbent.

Claim 8. The method of any one of the preceding claims, wherein the at least one component is
selected from the group consisting of n-paraffin having less than 16 carbon atoms, n-hexadecane, n-

heptadecane, n-octadecane and n-paraffin having more than 18 carbon atoms.

Claim 9. The method of any one of the preceding claims, wherein reacting the bio-based material

with hydrogen in the presence of the catalyst on the support in the reactor comprises:

flowing into the reactor as a co-current of reactants (a) the bio-based material as a stream

comprising a plant oil and/or an animal oil, and (b) a fresh stream of hydrogen; and

performing one-step hydrotreating of the reactants in the reactor at a temperature controlled
between 250°C to 350°C and a pressure controlled between 25 bar to 40 bar to obtain the treated

oil.

Claim 10. The method of any one of the preceding claims, wherein adding the cooling substance
into the reactor comprises introducing the cooling substance into the reactor by way of a nozzle at an
angle between perpendicular to and co-current with the flow of reactants, and not against the flow of

reactants.

Claim 11. The method of any one of the preceding claims, wherein passing the treated oil through
at least one distillation column to separate the treated oil into at least one component and passing the

at least one component through an adsorption column comprises at least one of:

(a) producing an industrial solvent stream from the further purified treated oil stream by:
passing the further purified treated oil stream through a first distillation column and
producing a first stream of n-paraffin having less than 16 carbons, then passing the first
stream of n-paraffin having less than 16 carbons through a first adsorption unit and
outputting from the first adsorption unit the industrial solvent stream
and

(b) producing a first phase change material stream from the further purified treated oil stream
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(1) passing the further purified treated oil stream through a first distillation column
and outputting from the first distillation column a n-paraffin stream containing n-paraffin
having less than 16 carbons, and a first additional stream;

passing the first additional stream through a second distillation column and
outputting from the second distillation column a n-hexadecane stream containing at least
99% by mass n-hexadecane, and

passing the n-hexadecane stream through an adsorption column and outputting
therefrom the first phase change material stream; or

(i1) passing the further purified treated oil stream through a distillation unit and
outputting therefrom each of a low boiling point hydrocarbon stream and a distillation unit
product stream; and

passing the distillation unit product stream through the first distillation column and
outputting from the first distillation column a n-paraffin stream containing n-paraffin
having less than 16 carbons, and the first additional stream,;

passing the first additional stream through a second distillation column and
outputting from the second distillation column a n-hexadecane stream containing at least
99% by mass n-hexadecane, and

passing the n-hexadecane stream through an adsorption column and outputting

therefrom the first phase change material stream.

Claim 12. The method of any one of the preceding claims, wherein the bio-based material is one
of Bleached Palm Oil (BPO), palm olein, and Palm Fatty Acid Distillate (PFAD), and wherein the

treated oil is formed of hydrocarbons maintaining a carbon number in the range from Cis to Cis.

Claim 13. A system for processing a renewable bio-based material by the method according to

any one of claims 1 — 12, the system comprising:

a reactor for reacting the bio-based material, comprising triglycerides and free fatty acids, with
hydrogen in the presence of a catalyst on a support to form a treated oil stream,;

(i) a distillation unit for passing the treated oil stream through to form each of a low boiling
point hydrocarbon stream and a distillation unit product stream and an adsorption unit for passing the

distillation unit product stream through to form green diesel; and/or

(i1) a plurality of distillation columns and corresponding adsorption columns by way of which
the treated oil stream is subjected to further processing, the plurality distillation columns and
and corresponding adsorption columns including a first distillation column, a first adsorption

column corresponding to the first distillation column, a second distillation column, and a
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second adsorption column corresponding to the second distillation column, wherein the

plurality of distillation columns and corresponding adsorption columns is configured such that:

the first distillation column receives one of (a) the treated oil stream and (b) the
distillation unit product stream, and produces each of a first stream containing n-paraffin
having less than 16 carbons and a first additional stream;

the first adsorption column receives the first stream containing n-paraffin having less
than 16 carbons and produces an industrial solvent stream; and

the second distillation column receives the first additional stream and produces a n-
hexadecane stream containing at least 99% by mass n-hexadecane and a second additional
stream; and
the second adsorption column receives the n-hexadecane stream and produces a first phase

change material stream,

wherein the reactor comprises a cooling function for controlling the temperature of the reactor;

wherein the cooling function is an internal cooling function comprising a cooling substance.

Claim 14. The system of claim 13, wherein the cooling substance is selected from the group
consisting of a fresh amount of the bio-based material, a fresh amount of hydrogen, a portion of the

treated o1l and a combination thereof.

Claim 15. The system of claims 13 or 14, wherein the temperature in the reactor is 200°C to 400°C

and the pressure in the reactor is 25 bar to 40 bar.

Claim 16. The system of any one of claims 13 to 15, further comprising a high-pressure separator

and a low-pressure separator for passing the treated oil stream through.

Claim 17. The system of any one of claims 13 - 16, wherein the reactor comprises an input
configured to receive as a co-current of reactants (a) the bio-based material as a stream comprising a
plant oil and/or an animal oil, and (b) a fresh stream of hydrogen, and wherein the reactor is configured
for performing one-step hydrotreating of the reactants at a temperature controlled between 250°C to

350°C and a pressure controlled between 25 bar to 40 bar to obtain the treated oil.

Claim 18. The system of any one of claims 13 — 17 wherein the reactor comprises a nozzle
configured for introducing the cooling substance into the reactor at an angle between perpendicular

to and co-current with the flow of reactants, and not against the flow of reactants.



