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

TECHNIEAL FIEL

D OF THE INVENTION

[0001]  The present invention relates to a methad of processing @ rengwable resource, o

particular @ blo-based material, and ap apparatus for processing the same.
BACKGROUND OF THE INVENTION

[0002]  The following discussion of the background to the invention is intended 1o facilitate
understanding of the present invention. Howeser, it should be appreciated that the discussion i
ot an acknowledgment or admission that any of the material referred o was pablished, known or
3 pait of the common general knowledge i any jurisdiction as at the priority date of the

application.

[0003]  Due to global warming and limited supply of non-rencwable resources such as fossil
fuel, crade ofl and peiroleum, there Is 2 need 1o provide combustible lguid fuels that ave available
from alteroative sourcas that are renewable. Usage of nen-enewable resources may have
significant impact on greenhouse gas emissions. Therefore, using alternative sourees that ae
renewable may reduce gresnhiouse gas emissions and be more environmentally friendly compared

{0 RO-IEnew abde resources.

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

bivetliers, btogas, syngas and selid biomass fuels,

[G005]  There are various challenges with using biofuel. For tnstance, the use of biofuel such
as vegetable il in enpines requires signifivant engine maodification, including changing of piping
and injector construction materials so that engine performance may be maintaived as compared to
pon~renewable resources such s diesel or petrol. Purthermore, maintenanee costs may be
increased due to higher wear and tear, which may lead to an nerease v inoidences of engine

fatlure,

[0008]  Puwthenmore, conventional methods of processing biofuel suller from various

drawbacks. For instance, vegetable off may underge transesterifiegtion with an alocobwd such as

&
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methanal, thereby forming biodissel, However, transesterification may be associated with
drawbacks such as the need o pretreat the feedstock so that bindiesel of goed quality may be
obtained and by-products nesd to be removed before the blodiesel can be used and meet industy

standards,

[0007]  In addition, thermad or catalytic cracking of vegetable oils or animal oils may lead to g

wide spectram of possible wnwanted products which may compromise the yield of the desired
products. For instance, processes that makes nse of g cm.aiyst comprising aluming led o & ganemlly

unselective method, thereby feadiy

to fow purity and low vield of the desived products.

[0008]  In light of the above, theve exists a need for a method to provess biofuel so that the
troated bicfoe] may be suitable for use as a combustible lguid oil. There further axists a need {o
develop @ methed of processing a bo-based material that ameliorates at least one of the

disadvantages mentionad above,

SUMMARY OF THE INVENTION

00081 A echnical problem to be solved by the disclosure or present nvention is to provide a
treated oif for making green diesel and phase change materials suitable for use 1 applications such
as, but not limited to, engines, car parls and buildings. In particalar, the treated ofl of the presamt
invention can be oblained through a method of processing without the need o use any

petrochemical source as @ starting material {or a raw material),

[0010]  Asother techuoical problem to be solved by the disclosare or present invention is to
provide a method for processing a bio-based material such that high purity of desired products

may beoblained,

{0011} v accordance with an aspect of the invention there is provided a method of processing
@ rencwable bio-based material comprising the step of reacting the bio-based material with
hydrogen inthe presence of a catalyst on @ support in g resctor © form a treated oil; {1} passing the
treated oil through a distillation unit and an adsorption unit to form green diesel; andfor (1) passing
the treated off through a1 least one distillntion colwm to separate the treated off into at keast one
component and passing the at least one component thraugh an adsorption column; and wherein the
reactor coniprises a cooling function for controlling the twemperature of the reactor; whewin the
eooling Rmetion is at least one of an internal cooling Runction and an external cooling Fonction,

Advantageously, the treated ol may be obtalned iy g one-step method and further provessed to
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form green diesel, POM and/or industrial solvent using a combination of a distillation step and an

;

adsorption step. Conseguently, high purity of gresn diesel, POM andfor industrial solvent may be
obtained. More advantageously, as the teated oil can be independently andior sslectively
provessed 1o one ov more destred produsts, such as green diesel, POM andfor industrial solvent,
the method s versatile aud easily tonahle. Furthermore, the method may lead 1o a savings in time

andd costs.

[0012] I various sorbodinents, the suppert is alumina (ALQY), silioa (S0 or alumina-silica
{ALC-80.

i

00131 o various embodiments, the treated off comprises at least one kind of n-parafiin and at

feast oue kind of isoparaffin and the methed further comprises the step of selecting the catalyst

depending on whether a fow volume of Isoparaffins or a high volume of soparafiins is desived.

[0014]  In various eothodinemts, the support i3 Al and the catalyst on AliOz is selected from
the group ennsisting of NiMo/ AL aud NYW/ALG;.

[0018]  In various embodiments, the support s AlOs and the catalyst en AlOq s selected from

the group comsisting of NiCoMo/ALO: NiMoP/ AL O and CoMa/ALQs,

[0016]  In various embodiments, the temperature in the reactor 18 200°C to 400°C
[00171 [ varions embodinents, the tempeature in the reactor 15 250°C 1 350°C,
[0018]  In various embodivents, the pressure in the reactor 13 25 bar to 48 bar.

[0018] In various cwbodiments, the pressure in the reactor is 30 bar to 40 bae,

[0020]  In various embodiments, the ratio of hydrogen to the bio-based material is Q.03

7%

hvdrogendy bio-based material 1o (.10g hydrogen'g bio-based material.

{0021} In varioas embodiments, the vatio of hydrogen to the bio-based material i .05

hvdressnds bio-based materiad to 0.97g hvdrogew’s bio-hased material,
A & 3 &1 & o
[0022]  In varions embaodiments, the space velocity is 0.5 b o 2 1l

[00231  In various embodiments, the method further comprises the step of purifving the treated

ol
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{0024]  In various embodiments, the step of purifying the treated oil comprises the step of
passing the treated oil through & bigh-pressure separator followed by the step of passing througha

fow-pressure separator,
[0025] o various enebodiments, the reactor Is a trickle bed reactor or a packed bed reactor.

[0026] (o varipus embodiments, the iaternal cooling function comprises adding @ conling

substance o the rsastor,

{00271  Invarions embodinents, the external cooling function i3 a multl tube or a shallow bed

reactor with a heat transfer unit,

[0028] o various embodiments, the adsorption unit comprises at least one adsorbent selected
from the group consisting of activated carbon, fon exchange resin, moleeular siove and chemical

adsorbent.

(00291  In varlous embodiments, the at least one component is selected from the group
consisting of n-paraffin having less than 16 carbon atoms, n-hesadecane, wheptadecane, o

ovtadecans and p-paraffin having ruore than 18 carbon atoms.

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

chemnead adsorbent,

[0031]  In accordance with another aspeet of the invention, there Is provided a green diesel
pomprising isoparaffin in an amount of € to 10 wi% and n- paraffin in an amount of B0 10 100

wils
[0032]  In various embodiments, the green diesel hay a distillation range of 200°C w0 350°C.

[0033] 1o various embodiments, the green dicsel has a flash point in the range of 100°C to
130°C,

[0034]  In various ewbodiments, the green diese] further comprises total glyeerides less than

6. 05w

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

matertal comprising isoparaffin in an amount of § to 1 wa% and v- paraffin inan smonnt of 9910
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[0038]  In accordance with another aspect of the tnvention, thers s provided an industrial

solvent comprising f-paraffin and a distitlation range of 230°C e 270°C.

037 In accordance with another aspect of the tnvention, there is movided a system for
processing a renewable bio~based material comprising a reacior for reacting the hio-based material

with hydr«:}g&n in the presence of & catadyst on a support to forne a treated oy and wherein the

reactor comprises s conding Runction for controlling the temperature of the reactor; (i) a distitlation
unit for _passing the treated oil through to fonm green diesel and an adsorption unit for passing the
green diesel through; anddor () at lesst one distillation column to sepavate the treated ofl nto at
feast one component and an adsorption colomn for passing the at least one component through;
wherein the conling fimetion is i least one of an internal cooling function and an external cocling
function, Advantageously, the system may be relatively siraighttorward, simple and versatile
hecanse the treated ol may be nbiained in a one~-step and further processed o form groen diesed,
PCM and/or indusirial solvent. Conseguently, high purity of green diesel, POM and/or industriat

sofvent raay be obtained. Furthermore, the system may kiad o a savings in time and costs.

[0038]  In various smbodiments, the interal cooling function comprises a cooling substance
selected from the group comsisting of a fresh amount of the bio-based material, & fresh amount of

hydrogen., a portion of the treated oif and & combination thersot

{0038  ln various embodiments, the systent further comprises a high-pressurs separator and i

fow-pressure separator for passing the treated oif through

[00401  Iu various embodiments, the external cooling fonction comprises a multi tubc ar a

shatiow bed rsacior with a heat thansfer unit.

{00441 In various embodiments, the extermal cooling function Huther comprises a coolant
selected from the group consdsting of a fresh amount of the Mo-based material, a fresh amount of

hydrogen, a portion of the treated oily 1 combination thereof and & heat transter Huid.

{00421  Specifically, an embodiment of the present invention relates to a method of processing
a bio-based material to form a freated ol for making green diesel and phase change materialy,

BRIEF DESCRIPTION OF THE DRAWINGS

[0043]  The tnvention will now be deseribed, by way of sxample only, with reference to the
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secompanying drawings, in whick

[0044]  Figuwre ) ustrates 8 flow disgram of preparing treated ofl from a bio-based waterial
and green diesel using the treated oil;

[0048]  Fleure 2 ustrates a fow diagram of preparing at least one phase change material and
an industrial solvent using the treated oll prepared from the method in Figure 1

{00481  Flowre 3 iHustrates 2 flow diagran of an slternative method for preparing freated oil,
green diesel, at least one phase change material and an industrial solvent.

{00471 Figure 4 illustraies a flow dingran of the reacter compristng an ntemnal coohing
function; and

[0048]  Figure 5 iHustrates a How dagram of the reactor comprising an external cooling
function.

DETAILED BESCRIPTION

{0048]  Particular embodimenis of the present invention will now be described with reference

-

to the accompanying drawings, The terminology used herain is for the purpose of describiug
particutar embodiments only and {3 not fntended to limit the scope of the present invention.
Additionally, urdess defined otherwise, all techiival and scientific terms used herein have the same
meanings as commonty understond by one or ordinary skill i the art to which the present invention
balongs. Where possible, the same reference numerals are used throughout the figures for clarity

aid consisteney.

[0080]  As used herein, the tenm “cetane number™ refers to a guality that rates the ynition

guality of green digsel.

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

volume ocoupied by the particular fuel,
[0052]  Asused horsin, the tenm “cloud point™ measures the fisst appearance of wax.

[00531  As used heveln, the term “contaminant” refors to a substance that is not a desired
product of the method of the present tpvention, sach gs but not Himited 1o Hght hydrocarbons such
as propane. hvdrogen, water, varbon 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 mtroduction of a cooling
substancs, coolanl andfor a mechanical devicefapparatus o decrease or st least maintain the

emperature of the reactor to prevent ovarheating, The ntroduction of 2 cooling substance includes
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but is pot imited 1o the introduction of a fresh amount of the hio-hased material, introductionvia
{resh amount of hydrogen, introduction of 8 portion of treated otf or mtraduction of a cembination
thereof. The introduction of voclants invludes but 15 not Himited 1o the introduction of a fresh
smount of the hio-based rmaterial, introduction of a fresh amount of hydrogen, introduction of a
portion of treated oil, introduction of a combination theveof or introduction of a heat transfor fluid.
The mechanical device/apparatus for cooling the reactor ineludes but is not imited to a mult tube
or, a shallow bed reactor with a heat transfer unit. The mechanical device/apparatus for cooling
the reactor may be intograted with the regctor or may be g separate unit attachable/detachable from
the reactor.
{00881 As used heeein, the term Veouling substance™ includes but is not Brotted 10 the tem

“gquenching substance™.

[O086]  As used herein, the torm “green diesel™ refers 1o a binfuel that contains mainly paraffin
which i devived from a ronowable resourte sach a8 a bio-based material nstead of a non-
renewable resourse such as a petroleum-based oill In other words, there 18 no nved for a noa-

renewable resource to make the green dicsel

[DOST] Ay used herein, the term “low volume™ when used in relaion to the amount of

soparaffin refery 0 o amonnt of about U to abouwt & wids,

{0058]  As used heteln, the form “high volume™ when used i relation o the amownt of

isoparaffin refors to an smoennt of more than § wit

[0059]  As used hereln, the term “paraffin” includes n-paraffing, isoparaffing and a mixiure

EEals

thereof. In various erabodiments, the {evm "paraffin® refers 1o scyelic satursted hydrocarbons of

general chemical formula CaHaeen

3080 Asg used heredn, the term Mreparaffin” refers to a aotmal paraffin or lnsar pavaffin
; i I

which is a straighi-chain acyclic saturated hydrocarbon.

[OOB1]  Asused herein, the term "isoparaifin” refers fo a branched paraffin which is » branched

acvelie saturated hydrocarbon.

[0082]  Asused herein, the fera “aromatics” refers to aromatic hydrocarbons, e hvdracarbons

containing at least one sromatio ring,

[O063]  As used herein, the term “phase change material™ or "POM™ refirs 10 ¢ material for
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should nnd be construcd as @ lmilation sn the scope of the disclosed ranges. Accordingly, the
deseription of a range should be considered to have specifically disclosed all the possible sub-
ranges as well as individual mumerical values within that vange. For example, description el a range
such as from | to & should be considered to have specifically disclosed sub-ranges such as from |
to 3, from § o d, from 1 to 5, from 2 o 4, from 2 to &, from 3 to & ele, as well as individhual
mumbers within that range, fbrexample, 1, 2, 3.4, %, and 6. Ranges are not Himited to integers, and
cars inchude degimal measurements. This applies regardless of the treadth of the range.

[O074]  Other aspects of the nvension will become apparent 1o those ef prdinary skill in the arf
apon review of the foltowing description of specific embadinents of the invention in conjunetion
with the accompanyving fgures

(00721 Inan aspect of the present nvention, 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 support in a veactor to form a treated oil; wherein the bio-based material
iv renewable.

[0073]  Consequently, the treated oif is obtained in high yield by & one-step method nvolving
a hydrotreating reaction. Advantagsously, the hydrotreating reaction makes use of hydrogen whist
may bind to sulphur and phosphorms 1o remove mpurities. In vartous embodiments, the reated ofl
may be obtained in a viell of about 3% to about 85% of the bio-based maserinl, More
advantageonsly, the treated oil does not require more than one step o olvain the treated ol thereby
leading o 8 savings in thne and costs. [n conteast, some prior art methods lead to an intermudiate
product which requires further processing to obtain & product that is substantially equivalent to the
treated oil of the present invention. Consequently, such prior art methods require at least one
additional step to process the intermediate product to obtain the product that i3 substantially
aquivalent to the treated il of the present fnvention, thereby making such prior art methods more
costly and mere me-consaming,

00741  In various embodiments, the bio-based material ix a feadstock that is substantially
renewable and comprises trighveerides and free fatty acids that may be derived from a plant
{including a vegetable) or an animal or 3 contbination thereof. The blobased material foctudes but
is ot Hmited to antmal oils such as tallow ofl, train ofl, fish ol or plant oils such as bleach palm
ail {BPQ), refined hlexch palm ol (RBDPO), palm olein, palm sigavin, palm Baty acid distillate,
canola oil, com oil, sunflower oil, sovbean oil, oils from desertic plants such as jutropha oil and
balanites oil, rapessed oil, all oil. hempseed off, olive ol linseed oil, mustard ofl, peanut oil, castor
oil, coconut ail, or one or more combinations therenf. The vegstable wil may be crude vegetable

ail or vefined or edible vegetable ol In various embaodiments, the plant oil andfor spimal oll vy
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be new oil, used oil, waste uil or a combination thereal. Advantagecusly, even though the bio-
based material comprises triglyeerides, ihe method of the present invention converts the
trighvesrides fo a treated off contudning & least one kind of neparaffin and at least one Kind of
isoparatfin almost completely. such that the treated oif is substantially free of tighyeenides. Dueto
the reaction mechanisn of the method for producing the freated oil, monoglyeerides and
dighveerides do not exist in the tregied off. As such, the total glyesride content in the treated wil is

eguivalent 1o the trighveeride content iy the treated oil. It would be understood by a person skilled

fi the art that staedard tests such as BN 14105 may be used to mossure the fotal glyeeride contend.
i various embodiments, there is ghoat DO3E wie of total glveerides in the treated ofl. o varipus

embodiments, the treated ol 15 substantiadly Tres of triglyeerides. In othar words, thore s Jess than

bwits, foss than (8 wi%h, less than 0.6 wide, less than 0.3 wids, less than 04w, less than 0.3
witp, loss than 02 wids, less than 0.1 wi%d, or less than 0,05 wi% of triglyesrides in the treated oil
In varions embodiments, there is about 0.071 wiito about (.05 v of triglyeerides in the treated
ol In varlous erabodiments, there is about G038 vt of triglveeridos in the treated ol Incontrast,
prior art methods lead to g tregted oil that containg triglveerides, anch as in an amount of T wibhor
WA,

[0078]  Insome smbodiments, there s ne need to mix the blo-based material with & petroleame
based material, As such, the method of the present invention is relatively more envirommentally
friendly than o method that mekes use of a non-renswable resouree such as g petroleum-based
material or & mixture of a petroleuns-based material and o bio-based materdal.

[0076]  In various embodiments and as Hustrated in Figwee 1, a bio-based material {stream
101y may be passed through a pump {(apparatus 131}, wherein apparatus 131 s adapted o controt
the flow rate and pressure of the blo-based material. As such, when stream 101 passes through
apparatus 131, steeam 102 is formed, wherein stream 102 comprises the bio-based material having
a predetermined ow rate and pressure, and wheretn the prossure of stream 102 is higher than the
pressure of stream 101, Streany 102 then passes through o heat exchanger (apparatus 132), wherein
apparatus 132 is adapied to tnorease the temperature of stream 102, thereby forming stream 103
which comprises the bio-based material baving a predetennined temperaturs, wherein the
temperature of stream 103 {s higher than the temperature of stream 102

fO077]  In varous embodiments and as Hlustrated in Figare 1, hydrogen (stream 104) may be
passed through a control valve or a compressor {apparatus 133), wherein apparatus 133 ie adaptad
to contrel the How rate and pressure of the bydrogen. As such, when streary 104 passes theough
apparatus 133, stoam 103 ds formed, wharein stream 105 comprises bydvogen having s

predetermined fow rate and pressure: and wherein the pressure of stream 103 iy higher than the
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prossuse of stream 104, Styeant 105 then pagses through o heat exchanger {apparatus 134), wherein
apparatuy 134 is adapted to increase the temperatore of stream 103, thereby forming stream 106
which comprises hydrogen having a predetermined temperature, wherein the temperature of
steeam 106 15 higher than the temperture of stream 105,

{00781  In varfoos embodiments and as Hlustrated in Flgere 1, stream 103 and stream 106 are
introduced Inlo a reactor (apparatns 133) Stream 103 and streamy 106 may be introduced o

apparatus 133 in the form of se-current.

{0078]  In various embodiments, the method of the present invention may further comprise
selecting the catalyst. In various smbodiments, the catalyst may be selected from the groap
constating of CoMu, Nidoe, NiW, NiCoMo and NiMoP, In variows emboduments, the catalyst may
he in the form of sulphide active phases, so that the amount of sulfir n the reated o1l may b
adjusted/adudierated. Advamtageously, the catalyst may be adequately resistant to catalyst poisons,
such that the efficiency of the catalyst may be maintained throughout the method, Furthermoe

the catalyst may be recyeled snd reused, thereby lowering the operating costs becanse a new
catalvst may not be necessary. I varioos embediments, the efficiency of the catalyst may be
recovered by, such as but not Himited to, adding a sulfidation agant. The sulfidation agent may be
selected from the group consisting of carbon disulfide, dimethyl disalfide, polysulfide ol

mesnaptan and hydropen sullide:

I3

[OOBG] In various embodiments, the catalyst may be selected based on whether the desired
teeated oif should contain a low volume of isopara ffing or a high volume of ixoparafiing, In varipas
embodiments, the catalyst is selected from the group consisting of NiMde and NiW it the desived

reated ofl should contain g low volume of tsoparaffins. In @ preferred embodiment, the catalyst is
NiMo if the desired freaied oil should contain a low volume of isoparaffins, In various

t:mbadimenm? the catalyst is selected from the group comsisting of MiCeMo, NiMol and CoMo i

the desired treated oil should contain a high volame of tsoparafling, In & preferred embodiment,
the catalyst 1s NiCoblo if the desired trested oil shoudd contain a high volume of Boparaffins.

[0084]  In various embodiments, the catalyst comprises st least one of the we transition nwtals
selected from the group consisting of Ni and Mo, In various embodiments, the catalyst further

comprises anmbier tragsition metal or a group V cloment.

{00821  In various embodiments, the catalyst loading may be about 8.5 wits o about 20 wi%e

The amount of catalyst used may be ealeulated based on the amount of the bio<based naterial and
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hydrogen,

JO083] 1o varbbus ombodiments, the catalyst may be separated into one or more portions, When
the catalyst is separated into move than one pargicms, the extent of the reaction beiween the bio-
based material and bydrogen may be controlled, As the reaction between the bio-based material

N

and hydropen is an exothenmic reaction, the amount of heat predused may be controlled.

Comsequently, the temperature in the regctor may be controtled,

[0084]  In various embodiments, the catalyst may be loaded on a support, such as an acidie
porous salid support. The scidic porous solid support may be aluming (ALG:) silica (B or a
mixture of aluming and wilica (ALO-S102). By reacting the hio-based waterial wath hydrogen in
the presence of the camlyst on the sapport, hydrogenation of the elefinic or nossturated portions
of the p-paraffinic cliging of the Mo-based material may octur. As the support may act g8 3 high
surface area support for the catalyst, proster officiensy of the catalyst may be achieved, In
particuiar, destred reactions such as hydeogenation, deoxygenation and somerization may ocow
with greater efficiency because the catalyst is betier dispersed.

[OBRS] Invarlonsembodiments, the support miay be suctias but not Himited to fluoride alumina,
ZSM-12, ZEMAR T, ASM-22, ASMAES, ASM32, ZEMAES, ASM-38, Z8M-48, Z8M-57, SAPO-1L,

SARG-3L, RAPGHE, MAPO-1L, MARG-31, Y zeolite, L zeolite and Beta zeolite.

N

[DOBB]  In various embodiments, the hydrogen may be fresh hydrogen or recyeled hydrogen o
g misture theveafl

[O0871 In varous embodiments and ag illostrated in Figure 1, stream 103 and stream {06 may
react by contacting the sweface of the catalyst in the reactor, thereby producing a treated oil {stream
107). In various embodiments, stream 107 then passes through a heat exchanger {apparatus 136},
whergin apparatus 136 s adapted to reduse the tomperature of stream 107, thereby forming stroam
10R which comprises treated oif having a predetermined terupersture, wherein the temperature of
stredm 108 is lower than the wwperature of stigam 107,

[O0BB] o varipus embodiments, the method of the present invention may ovecur under
hydrotreating conditions in the reactor. In particular, the method of the present invention may be
carricd out at 3 temperature of about 200°C to about 400°C, about 250°C to about 400°C, abowt
Z30%C 10 about 350°C or abont 300°C 1o about 330°C and a pressure of abowt 25 bar to about 56
Bar, shout 25 har o about 40 bar, about 30 bar to showt 40 bar or about 35 bar to about 40 bar.
Advantageously, the temperature is relatively low compared o prior art methods. Consequently,

foss undesived products may be formed. In e preferred embodiment, the temperature in the reacior

s abwut 300%C 10 about 330°C because the vield of the desired produsts would be higher
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aoeg In vastous embodiments, decarboxylation, andfy hydrodeoxygenation  andfor
&4 R

isomerization of the bio-based malerial may also oecur because of the choice of catalyst.

[Q080] In various embodiments, hydrooracking may be inhibited, thereby maintaiming the
range of carbon number of hydrovarbons formed in the range of (i to Oy, Typically:
hydmcracking 15 an undesirable reaction beoause 1 may lead o a decreased amount of POM in the
treated oil, thereby resulting in 2 lower yvield of POM production. As hydrocracking may be
inhibited or mininized by the method of the present Invention, the vield of PCM may be
advantageously higher than prior art methods becanse the PCM portion in the treated oif may be

higher,

{0091 In various embodiments, the methad of the present invention may be carried out at a
space vislocity of about 0.5 per hour (fe!) to about 2 he' or about 1.0 he'! The fnveators foand that
an increase In the space veloehty may Brerease the quantity of treated ol and its products thereof
havauss of the gregter papacity fo support a higher volume of feedsiock. However, there may ba g

deerease In the reaction time and decrsuse in the guality of the treated off and its products thereof
It was also found that g deerease in the space velaeity will inerease the repction tine and increase
the quality of the treated oil and its products thereef, albeit in a lower quantity. Hthe space velocity
is Jower than about 0.5 he'!, there may be a drop in the quality and guantity of the treated oil and
its prowducts thereof, In g preferved erbadiment, when the space velocity is abont 1.0 h'', there is

g balance of the quantity and gaality of the treated ofl and its products thereof

{0082]  In various embodiments, the ratio of hydrogen to the blo-based material {for instonce,
oil} may be about .03 g hydrogen/g ol to about 0,10 g hydrogen/y il, about 0.03 ¢ bhydrogen/g
oil 1o sbout 0.07 g hydrogenig oil or about .05 g hydrogen/g oil to about (.08 ¢ hydrogan/g oil.
i1 the ratio of hydrogen to the vil s more than 0.1 g hydrogende oil, a beneficial effect will not be
abserved hecause there is sufficient hydrogen when the ratio o hydrogen to the ofl is less than 0.1
@ hydrogendg oil. In other words, 0.03-0.10 g hydrogen/g oil 15 sulficient. This may advantageousty
lead to the Jowering of operntion costs because only a relatively small amount of hydrogen is
HeCessary.
[G083]  In various embodiments, an increase in the pressure of hydrogen can increase the
solubility of hydrogen in the bio-based material, thereby facilitating the hydrogenation waction.
Ax such, the hydrogenation reaction may oecur effictently. Advantageously, the hydrogenation

may ocour at a relatively low pressure, there may be an svosomwie advantage because compressors

to pressurive the bydrogen are not necessary, Furthermore, the reactor and other equipment costs
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may be reduced becaose oporafion i & & relatively low pressue,

[0094}  In various embodiments, the method further comprises purifyving the treated o This
15 bocause the treated oif may be mised with a gaseous component, such tat the obtained products
from the feactor iy a mivture of the treated off and the gaseous component. Iy various ermbodiments,
purifying the treated oil comprives passing the treated oil through a high-pressure separator
followsd by a lowsprossure separator. In varipuy embodiments, the high-pressure separator may
act s a separator and operate al » pressuve sindlar to the pressare of the reactor. The high-pressure

separator miay Separate the gascons component, which may be predominantly hydroges, from the

preated ofl, In various embodiments, the gaseous component may further comprizse carbon dioxide,

garbon monoxide and propane, The carbon dinxide may be remeved by g method sueh as but oot
livgited o pressure swing shsorption, absorption with au amine ov reaction with a hot carbonate
sofution, Furthenmore, carbon mopoxtde and propause may be removed by the bigh-pressure
separator. In vartous embodiments, the high-pressure separator amdfor the low-pressure separator
may remove the light fraction, whereby the light fraction may contain propane sudfor sulfar-
contgining compounds, Advantagecusly, the separating process that makes use of the high-

pressure separator andfor the low-pressure separator sequives a smaller amount of energy and is 8

simpler process compared o a process for removing the heavy fraction (such as trighyeerides or
hisavy paratiin content having more than 20 carbon atomy),

fOO8E]  In various embodiments mad gy Hlusirated in Figure 1, stream 1OR passes throngh a
high-pressure separator {(apparatus 137} {o obtain a purified treated oif {(stream 10%) and a gaseous
component (tream 11, o vartons erabodinents, apparstus 137 operates at a prossure similar to
the pressurs in apparatus 135,

{00868 1o vanious embodiments, strewn 110 may be treated,

[R08F]  In various embodiments and as Hlusirated in Figure 1, streany 109 passes through a lows
pressure separator {apparatus 138), Afler passing through apparatus 137, e pressure of the
purified treated oil (stream 109} may decrease and enter apparatus 138, wherein water (stremn
$11) which s a by-product may be separated from stream 108 1o formy & more purified ircated ol

{siream 112}

[0088] o varions embodiments, the reactor is a trickle bed reactor {such as but not Hmited to
A parroew tube-type), 2 packed bed reactor, a shailow bed reactor or a basket-typs reactor. Each bed

is adapled to containthe catalyst, which may be inthe form of solid particles.

[0088]  In varibus embodiments, there may be at lzast one bed. I various swbodinents, thers

may be two, theeg, four or Bve bads, which can be configured in series,
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[00100] In various embodiments, the catalyst may be separated nto mare than one portion

hecause of the presence of move than one bed in the reacior, Advantageously, when the beds are
configured in series, a higher eonversion rate may be achieved because auy unrzacted bio-based
material that passes through a first bed may be hydrogenated when passing tough a second or
subsequent bed, Tnvarions embodiments, the sive of each bed may be adjusted and the number of
beds in the reactor may also be adjusted. When maore than one bed s used, there may be better
temperature contral bepause the extent of the reaction between the bo-based material and
hydrogen may be pontrolled, As the resction between the bio-based maderial and hydrogen is an
N

exothermic reaction, the ameant of heat prodoced may be controlled. Consequently, the

temperature in the reacior may be controlled,

{60101 in various embodiments, the reactor farther comprises g cooling function for
controlling the wmperature of the reactor, This i beeaase reactions such as hydrogenation and
deoxyesnation are highly oxothermic resctions. As such, the conling hunction advantageonsly
maintains the lemperature of the readtor ot a suifable fevaperiure rangs: In pasticadar, the cooling
funetion minimizes or avoids evirheating of the reacter, therdhy allowing the reactor's temperatur
profile to be opuimized, stch that the temperature of the reactor is at {or around} an optimal

pS

temperatire. As used heveln, the term “optimal temperature” is defined as a temperature {or
temparature range ) which the catalyst in the reactor s most aclive at catalyzing the desired reaction
instead of catalyzing one or more unwited side reactions {such as hydrovracking), For instance,
when the {sed comprises bio-based maserial {such as when the feed consists essentially of bio.
based materialy, the food may be intreduced into the reactor af multiple points along the length of
the reactor. Consequently, the feed comprising bio-based muaterial may be mtroduced at e
temperature that {3 pear to the optimal temperature, Compared o priorart, the feed comprising
bio-based material may be advantageously introduced @t 8 lemperture that is nearer 1o the optimal
temperature. This can arise because by introducing the feed comyprising blo-based material at
multiple points along the length of the reactor, optimized temperature profile of the reactor may
be achicved, which may result in better distribution of temporature within {or throughout) the
reactor. Consequently, the catadyst nsed in the method of the preseat tnvention may be hetter
utilized, and a greater efficieney of the catslyst may be sehioved and production fate can be
increased. More advantageously, the occwrrence of side reactions may be prevented. Side reactions
may occur as a reanlt of fadlure to controd the fempersture of the reactor, such that the temperature
of the reactor may lead 1o a decrease in the vield of the treated ol Wihe reactons such as

hydrogenation and deoxygenation ccour too quickly, they may be uncontrollable and the
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temperature of the reaction may in furn be wneontrollabde,
{00102} In various embodiments, the cooling function comprises an imernal cooling
functicn andfor an extornad cooling funetion,
[60103] In variows embodiments, the internal cooling function may operate by means of
guenching {or intemal cooling). Internal cooling iz & method of introducing a conling substance
fsuch as 1, Q2 in Flgure 4) having a lower tamperature {sueh as indet tomperatuee T in Figure 4)
thary the temperature of the reactor, thereby maintaining the temperature of the reactor at a suttable
emperature. Fxamples of the substance for internal cooling inclade but is not Himited 1o a fresh
amount of the blo-based muaterial, a fresh amount of hydrogen, a portion of treated off or a
combination thereof, The portion of toaad ofl used as the cooling substance way be freshly
wepared or prepared ina previsus batch.
[00104] In various embodiments, the cooling substance may be wtrodused tnto the reavtor
i1 o single portion or mors than one portion and may be dependent on the number of bedys in the
reactor, Iy various embodinents, the cooling subsiance may betntroduced o the reactor using a
sozzie. In varoos embodiments, the nozzle may be pointed at suy angle rasging from
perpendicnlar to the Bow of the reactant stream and parallel to the How of the reactant stream (e
eoseurrent). I various embodiments, the norzle Is not pointed against the How of the resctam
streamt (Lo, sountercurrent). In contragt, prior wt methods may intreduce the cooling substance
through a nozede, such that the cooling substance is against the flow of the reactant stream (Le.
cowstercurrentl, When the nozzle points upwards, it is countercurrent to the flow of the reactant
stream, As such, the cooling substance may be accumulsted above andfor around the catalyst (such
as at a Jower end of a catalyst bed, such as g lower end of a first bed, a lower end of a second bed
aadior 8 lower end of a subseguent bed), such that the cooling substance may cause over reaction
andfor overheating. For instance, overhesting may ocour i the cooling substance is a blo-based
maierial, This difference may have an effect on the performance and capability of the internal
cooling function. For instance, a fresh amount of the bio-based material can be used as the cooling
substance of the present tnvention, whereas it 15 not favorable to use a fresh amount of the blo-
based material for such prior an methods. For prior art methods, the use of a fresh amount of bio-
based material as the cooling substance may resalt in the formation of a hot spot that can negatively
affect the quality of the treated oil and its products thereof andfor negatively affect operation of
the method. In various embodiments, the volums of cach portinn of the cooling substance may be
adjustable from 0 to 100 wit%e of the total volume of cooling substance. In various embodiments,
the toted volume of cocling substance may be fie;wmiami an the range of temperatire to be

conrolied. For lnatance, i the tomporatiss increase s relatively high (in other words, the range of
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igrnperature to be controlled is refatively big), # may be necessary to wse a greater volume of

cooling subatanes.

{00105} fn various embodiments, ay the reaction between the Mo-based wmsterial and
hydrogen is an exothermic reaction, & significant amount of heat i3 produced. By using a cooling

n./

substanee, the temperatire in the reactyr may e deers

sed. Invariows embodiments, the cooling
substance may be infroduced via an inlet connected to the reactor. In various embodiments, a fisst
cooling substance may bo introduced viaan inlet and the first conling substance may be distributed
overa orosssection of @ bed of the resctor. The reactant stream from the bed may then contact the
first cooling substance at av interface of the bed and an adjncent bed, such that the temperature of
the reactant stream is decreased. After the reactant strsar contacts the adipcent bed, the
temparature of the reactant stream may invrease beeause of the reaction betwesn the ble-based
wratertal and hydregen. Subsequertly, another cooling substance may be infrodaced vig another
inlet comected to the reactor, the cooling substance muy likewise lower the temperatwre of the
reactant stream when the mactant stsam coutacts the cooling substance, Conssquerdly, the

tempetature of the resclant stream wmay be tostrolled and maintmined at 2 surtable lwmperature

range.
[o0106] In various savbodiments and as Hlustrated in Flgure 4, after stream 103 and stream

106 passes through a first bed {(B1) and they ronet in the presence of the catalyst, the termperature

in the reactor E35 way change for increase’ from a fivst temperature (T} to 8 second temperature
{12). For instance, the first temperature myay be about 320°C and the second temperatine may be
about 380°C. The incregse in temperature B because the reaction between the blo-based material
and hydrogen ix an exothermic reaction, thereby produeing 2 significant amount of heat
Subsequently, a vooling substance (Q1) may be introduced at the interfuce (denoted by a dotted
Hie) between the first bed (B1) and a second bed (B2}, such that the cooling substance (31 ) causes

the temperature in the reagtor 135 to change (or decrease) from ihe second temperatuwres {T2) o &

third temperatire {1} In vartous embodiments, the third tenperature {T3) may be the same

temperature as the st emperatare (T4 ov a different tomyperatuse, as long as the third temperature
(T3 is Jower than the second temperature (12). I various embodiments, the cooling substance

(1) haviag an inlet tt:n'zpf:ratiurt {Tq} mixes with the reactant stream, which Hows from the first
bod (B1) o the second bed (B2). Thus in such embodiments it may be appreciable that the cooling
substance (Q1) performs an intemad cooling function. Afler the bio-based matertal (stream 103)
and hydrogen {strean 106) passes through the second hed (B2) and the two substances react inthe

presence of the catalyst, the teraperatare in the reactor 133 may change {or inerease) from the thivd
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temperature {T1) toe g fourth temperatare (15). I vavious surbeddinents, the feurth temperatare {Ty)

miy be the same tempesature ag the second temperature {13)

or g different termperatare, as long as

thie fourth temperaturs (T4) is higher than the third termperature (Ty).

{60107} In various embodiments and as lustrated 1o Figurs 4, a fesh portion of the cooling
substancs {Q2) may be introduced as the interface {denoied by a dotied ling) between the second
bed (B3) and a third bed (83), such that the eanling substanee (Q2) canses the temperatwre in the
reactor 135 to change {or decresse) frow the fourth temperature (Tg) 1o a Hifth temperature (Ts). In
variows embodiments, the fifth enmpersnre (T3} may be the same temperatune as the Hottthird
temperature (T Ts) or a different temperature, as long as the fifth temperatuve (T3} is lower than
the fourth temperature {Ta). In various embodiments, the cooling substance {Q2) having an inlel
temperatare {T9) mixes with the reactant stream, which flows from the second bed (B2) 1o the third
bad (B3 Thus in such embodiments it may be appreciable that the cooling substance ({32}
performs an internal cocling fanction. After the bio-based material (stream 103} and hydrogen
{stream 106 passes through the third bed (B3} and the two substances veact (0 the presence of the
catalyst, the temperature in the reactor 133 may change {or increase) from the ffth temperatore
{Ts) to a sisth temperatare (Ts). In various ewbodiments, the sixth taaperatare {Ts) may be the
same teraperature as the second/fourth temperature (Ty T or a different temperature, a3 fong as

the sinth temperature {To) 4y higher than the fifth temperature (Ts)

[an108] fu various embodiments, the external cooling function may be such as but not
Hirmitedd o & mull tube or a shallow hed reactor with & heat transfer anfl. Ag such, in various
embodiments, the shallow bed reactor works in combination with the heat transfer wmt,

[00108] In various embodiments, as the reaction between the bio-based material and
hydrogen is an exothermic reaction, a signifivant snrount of heat is produced. The temperature
the reaetor can be deercased using the exiernsl cooling function,

00110} In various embodiments and as Hlustrated in Figure §, the externa cooling function
is 2 heat wansfer unit ({1, H2) that may be added as an integral part of the reactor at an interface
{denoted by a dotted lineg) of'a bed and an adjacent bed. For instance, the interface may be between
a first bed (B1) and a second bed (82) or between the second hed (B2) and a third bed (B3). In
various eibodiments, the heat tansfor unit (M1, H2) is ashell and tube heat exchanger.

{00111} In vartous embodiments, the resctant strean from & bed may contact the hest
transfor unit at an interface of the bed and an adiacent bed, such that the tomperature of the reactant
stream is decreased. Afler the reactant stream contacts the adjacent bed, the temperatire of the

reactat strean may herease because of the resction betwesn the bio-based material sud hydroges.
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Subsequently, another heat transfor unit may be installed at an interface of the adjacent bed and
another adjacent bed. The heat transfor unit may likewise fovwer the terperature of the reactan
strean when the reactant streams contacts the heat transfer unit, Consequently, the temperature of
the reactant stream may be controlled and maintained st s suitable temperature range.

{00113} In vartons embodiments, a coolant (such as CL C2 in Figure §) having s lower
evaperature (ach as indet teraperaturs Ty o Figore 5Y than the temperanne of the reactor may be
introduced into the heat transfor unit, such as via the shell side of the heat transfer unit. In various
embodiments, the reactant stream which may pass through the tube side of the heat transfor unit
will transfer heat enervgy to the coolant, thereby malntsining the teperatare of the reactor at a
sutiable femperature, In varions embodiments, the exchunging of hedt sngrgy between the voslant

and the reactant sireany occurs without mixing of the reactant stream with the coclant, Thas io such
cmmbodinments i may be appreciable that the coolant performs an external cooling Bution
Consequently, the temperature of the reactant stream will decrease and the teroperature of the
coolant will increase. As the emperatuy of the reactant stream decreases, the temperature of the
reacior s maintained at a suitable mperature,

[a0143] Examples of the cockust include but are not hmited to a frosh amouwnt of the bio-
based material, a fresh amount of hydrogen, a poertion of teated o], or & combination thereol, ora
heat teansfer fluid. The portion of treated oif used as the coolant may be freshly prepared or
prepared in a previcus batch.

{00114} n various embediments, the coolant may bo introduced into the apparatus for
conling the reactor In p single portion or more than one portion and may be dependent on the
number of bads i the reactor, In various embodiments, the volume of each portion of the coolant
may be adiostsble from U to 100 wids of the total volume of conlant. Invariows embodiments, the
total vohone of coolant may be dependent on the mnge of temperature to be controlled. For

. i
i

wistanee, I the temperaturs fnerease I8 relatively high (o other werds, the range of temperaturs: to

be controlled is relatively big), It may be necessary 1o use g greater volume of coolant,

601181 I various embodiments and as Hhustrated i Figure 5, after stream 103 and stream
106 passes thropgh the fivst bed (B1) and they react in the presence of the catalyst, the temperature
in the reactor 135 may change {or increase) frony e fost temperature (Th) to & seeond temperature
{17). For instange, the frst tomporature may he about 320°C and the secand tomperature may be

ion between the bio-based matenal

about 3B0°C, The weresse i omperature is beeause the reac
and bydrogen is an exothermic reaction, thereby producing a significant amound of heat,
Mubsequently, the reactant striam may flow through # side {such as the tubs side) of the heat

transfer unit (1) which & located at the interfacd (denoted by a dotied Hney berwien the first bed
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(B1)and a second bed (B2}, and voolant {1} may be ireduged into s side (such as the shell side}
of the heat transfer unit {H1), such that the coolant (U1 causes the teroperature in the veacior 133

to change {or decrease) from the second temperature {T1) to a third temperaturs (T3}

{60118} Iy various aembodiments, the third temperature {13) may be the same temperature
as the first temperature {T1) or a different temperature, as long ay the thivd enwperature (T3}
lower than the second temperature {12). Consequently, the soolant {C1) having an initsl

jemperature (inlet temperature To) would have 8 final temperature {outlet temperature. Ty,

wherein the initial temperature 15 loveer than the final temperature. After the bio-based material
{strcarn 103} and hydrogen (steam 108) passes through the sccond bed (B2} and the two
substances react in the presenve of the catalyst, the temperature in the reactor 133 may change {or
increase from the third temperature (T3} to a fourth temperatare {14, lo various embodiments, the
fourth temperatare (Th) may be the same temperature as the sceond temperature (T2) or a different
temperature, as long as the fourth temperatues {Ty) is higher than the third temperature (T3}, n
various embodinents and as iHustrated in Figure 3, the reactant stream ary fow toough a side
{such as the tube side) of o heat transfer unit {H2) which is locnted at the {nterfacs {denoted by 2
dotted {ine) between the second bed (B2 and a third bed (B3), and coolant {U2) may be introduced
o a side (such ag the shell side} of the beat transfer unit (H2), such that the coolant (C2) causes
the temperature in the reactor 135 to changs (or decrease) from the fowth lemperature (Ty) © a
fifth temperature (). In varions embodiments, the fifth temperature {T3) may be the same
temiperature as the Hrstthivd temperatare (TH1) or a different temperature, a5 long as the fifth
temperature {Ts) is lower than the fourth temperature (Ty). Consequently, the coolant {C2) baving
an initial temperature (inlet temperatiee 1) would bave a final temperature {outlel tempenature
Ty') wherein the initial temperatuve is Jower than the {inal temperatare. After the blo-based
material (stream 103) and hydrogen {stream 108} passes through the third bed (B3) and the two
substances react in the presence of the catalysy, the temperature in the reactor 135 may change (or
increase) from the fifth femperatare (T (o a sixth temperature {T6). In various embodiments, the
sixth temperate {Ts) may be the sune temperature as the sccond/Tourth tomperatare (To'Ts) ora
different temperatuve, o8 long as the sixth temperature {Ts) s higher than the fifth temperaturs

{Ts).

00117} In various embodiments, the treated oil can be further processed 1o form green
diesel and/or @ phase change material (PCMYL In various embodiments, the treated oil can be
further processed (o form an indastrial solvent. In varipus envbodiments, further processing of the

treated oil (o form green dissel, PFOM andfor industial sobvent makes use of a combination of »
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distillation step and ap adsorption step. # iy appreciable that the watip of treated off that widergoes
further processing to form green diesel to the PO and the industial selvent i fom 10 o &1 {n

gthior wa

is, there is no Hmitation to the ratio of treated ol that endergoes further processing {0
form green dissel to the POM and the Tadustriad solvent. As used herein, the tenm “POCM portion”
when used in thy context of toated mil, refers to the proportion {or mtio) of treated ol that

undergoes fUrther processing o form POM and the Tndostrial solvent

[00118] I various embodiments, the treated oif produced by the method of the present
nvention may contain a low volume of soparaffing or a high volume of iseparaffins. Isoparaffing
obtained from the method of the present invention miay be substantially free of sulfar, olefins and
aromatics, non-inxie and do not fead to the formation of harm{ud products during combustion. As
wyed hereln, the term “substantially free™ when used i the context of a bypraduct {e.g. sulfur,
olefins, aromatics or & mixiore therood) i the treated o refers to an amownt of fess than 108 pards
per mitlion by seight (ppmiw), less than 30 pprow, less than 20 ppraw, less than 10 ppmw, lesg
than § ppamw o less thae | ppemw i the treated ol

O0118] o various smbodiments, when treated oif is fQather processed 1o founy POM, the
POM may be substautially free of sulfur, aromatics and aleohols. As used herein, the term
“substantially free” when wsed in the context of a bypradoet {e.g. sulfie, avomatics, aleohols or a
mixture thereoly in POM refors to an amount of less than 100 ppraw, less than 30 ppmw, less than
20 ppanw, less than 10 ppimw, less than § ppoow ar less than | ppavw i the PCM. Advantageousty
and as tustrated in Table 7, POM obtained using the treated oil may be sebatantially freeof sulfur,
gropwtics and aleohols.

{00120} In various ambodiments, a high volume of iseparaffins may be desired. In varinas
embodiments, there 15 noe need to contact the treated o with an sowerization catalyst wndsr
isomerization conditions to at least pertially isomerize the neparaffing to isoparafiins. This is
because the freated oif may comprise a bigh volume of soparatiing, Io particular, the Catalyst used
in the process of the present invention may canse isomerization of the bio-based material o ceour,
thereby producing a high volume of isoparaffing. In contrast prior art methods may require
isomerization of the tresied 0il becauss the treated oil may comprise ssseptially all p-paraffing,
thereby having poor cold flow properties. As such, if it is distable to wmprove the cold How
properties of the treated oil, the treated oil obtained using prior gt processes may require an

additinng! step of somerization.

[poi2t} o various embodiments, a low volurne of Bsoparaffins may be destred, Generally,

Y

it is difficult if not impossible (o separpte soparaffin from sormal pavathin (o-pavaffing v-Cl35 o
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n-Cl8Y Hihere 19 g high volinne of sopavaifin in the treated oil, the resuliing POM would contain

oparaffin as an impurity and the purity of n-paraffin of the POM would not reach 99 wih, In
various emboditnents, the puwrity of neparaffin of the POM is about 99 widh In vareus
embediments, the POM comprises at least 9% wi¥h of n-parafiia, wherein the nepayvaffin may be st
fzast one kind of n-paraffin, Consequently, the POM i obtained in high purity and consists

esaertiatly of n-paraffin,

{00122} In variows ernbodinments, the method further comprises passing the feated oll
through a distillstion il and an adsorption undt 1o form green diesel, In other words, the
distillation unit is coupled to the adsorption unit, For example, the distilation unit is connected to
the adsorption unit, Advaniageously, the quality of the green diesel Is comparable or belter than
green diesel produced by prior art wmiethods. In varlous embodiments, the flash point of the green
diesel of the present pwvention is relatively higher than the Hush point of green diesel produced by
prior art mstheds, This way be because the tweated o is passed through the distillstion unit. In
varibus smbedinents, the distillation unit comprises s ledst one distiflation cohann, o vagous
embodiments, the green diesel may be obtained (i & vield of abowt §0% to about 5% of the hio-
based material. In various embodiments, the Bsoparaffin content In wreen divsel 15 w the range of
showt O wi% 10 about 18 wide and the neparatfin content in green divsel s in the range of about 9
wiYe to shout 100-wide,

[00123} o various embodiments and as iHustrated in Figure 1, the treated ol for making
green disel {stream 113, wharein the composition of stream 112 v identical 1o stream 1133 passes
through a distilation unit (apparatus 139) Dllowed by an adsorption moit (apparatus 1403 In
various embodiments, stream 113 passes through apparatus 139, which may comprise a distillation
tower operating at almospherie pressure or under vacoum for separating oot low boiling point
hydrocarbon compounds (stream 116), so that the green diesel oblained may have g higher cetane
aunbier angd {ower volame of sulphur. I various embodiménts, the cotans number s at least 100,
in various embodiments, the green diesel oblamed has a cetane number olabout 160 1o about 105,
In gontrast, prioy art methods may lead to a green diesel having a lower cetane nomber, Ay such,
the green diesel of the prosent invention may have a relatively higher flash point comparsd 1o prior
art groen dissel Invaricus embodimenta, the flash point of the greon dicsed of the presont invention
may be in the range of about 160°C to sbout 130°C, about 110°C to sbout 130°C, sboat 120°C to
abowt 130°C, or gbout 120°C o gbout 125°C. In various cmbodiments, the prodost obtained frowm
apparaius. 139 is stream LEY, which 3 subsequently passed through apparatus 144, wherein

sppacatus 140 15 sdapted for climinating sulphur and decregsing sieidity of shream 113, thorehy
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forming green diese] {stream 1T}
{00124} In various embodiments, the adsorption unit comprises at least one adsorbent

selected fromy the group comsisting of acthvated carbon, oo exchange vesin, molesular sieve and

chenical adsorbent. In various embodiments, the 1on exchangs resin nway be a basic ion exchange

3

resin o an aeidic jon exchange vesind In g preforred embodiment, the adsorbent is a basic fonic
exchange resin. Invarious embodiments, the chersical adsorbent may be basic or acldi, preferably
basic, Advatageously, the adsorption unit may climinale coptaninants which may affect the
gfficioncy of the catalyst, Purthérmore, when the treaied ol passes through the adsorption unit, the

resultant green diese] may have desirable propertivs such as a lower amount or a negligible amount

1 of contaminants such as but not

imited to sulphe, an oxygen-containing compousd, a tiglveerids

andéor acid. In various enthodiments, the resultant green divsel may be ially free of

exygen-conttining compounds, substantially free of d heavy Trsction (such as ?rigiyceriz,iﬁs ar
heavy paraffin content having more thaw 20 carbon atoms) or substantially fres of both, As used
herein, the term “substamtially free™ when used in the context of & byproduct {e.g. at least one
15 oxygen-containing compound, at least one heavy fraction or a mixtwee thereof) i green dicsel

vafers {0 @y amowmnt of fess thany 1 wiBo, less thay (08 wi%, leas than .0 wite, less than (LF wi%s,

tess than 0.4 wids, loss than 0,3 widg, loss than 0.2 w99, leoss than 0.1 wids, less than 0.05 wits, or
fess than .01 wi%b inthe green divsel Cousequently, the green diesel may have a velatively nanow
distillation range and trace amount of mpurities.  In various embodiments, the total glyeenide
20 content in the groen diesel is equivalent to the triglyceride content in the green diesel. ln varions
embodiments, the total glveeride content in the treated oll iz squivalent to the total glveeride
content in the green diesel 1t would be understood by a person skilled 1o the art that standard tests
such ay B 14105 may be nsed o meusure the total glyceride content. In vatious envbodiments,

there is less than T wide, loss than 008 wide, less than 0.6 wids, less than 0.5 wa¥o, Iess than 04

{ved
L2

with, less thary 0.3 wt¥, Jess than 0.2 wit%, less than .1 wil, or less than .05 wit%e of gl
shycerides in the groen diesel. In various embodinients, there is about .81 wi¥h to about .05 with
of total glveerides in the green divsel, In variows sobodiments, theee is about §.038 wids of total
glyéerides in the green diesel.

[D0125] In contrast, prior art methods may be inferior compared o the methed of the present
30 invention beeause conversion of inglycerides is incomplete, therefore resulting in the presence of
wireacted triglveerides. Conseguertly, such prior art methods may resalf in a green diesel having

inferior quality andfor such prior art methods requive an additional step o separate the uneacted

irtgdyeendes, Iy congrast, the wethod of the present invention dées not require any additionsd

step(s) to separate unreacted triglycendes, whereby each additional step may be a complicated
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process that requires a significant amount of ensrgy or relatively high ensrgy so that the renmoval
ol the unreacted trighyeerides can be carried out. Advantageonsly, 5 the green diesel of the present
invention is substantiadly free of oxvgen-containing compounds, oxidation of the green diesel of
the present invention may be reduced or prevented. As such, good thermal oxidation stability may
be achieved.

[poi26] In various smbodiments, the sdsorption unlt may be a column (or an adsorption
columny or 2 set of columas {or adsorption cohumns). o varlous embodimants, more thay one
adserption anit may be used.

{00127} o varioos embodiments, the adsorption of comtaninants such as but not lmited to
heavy metals, sulphur compounds and acids from the treated oil may proceed at atmosphere
pressure, al a temperature of shont 30°C to aboat 70°C and a space velowity of about 0.5 h' 0 2.0
bt

[00138] In varicus embodiments, the temperatues of the adsorption unit does not need to be
adjusted, thereby leading i case of eperation. In addition, the temperature of the adsorption unit
may be selected based on the temperature of the bio~based material or the treated ail.

[00128] In variows embodiments, the method further comprises passing the treated od
shrough at least one distillation column o separate the freated ol inte at least ong compenent. {n
other words, more than one distifation cohumns may becoupled to cach other. As sucly, the method
further comprises the swp of distiflation, in particular but not Hmited to, vacuum distiflation. In
various embodiments, the distiliation column may comprise st least one packed columm or at least
one tray columan, In an ombodiment, there may be four distillation cohunms, In varlous
embodiments, the distiflation colwmn may be pat of a distillation unit. In other words, the

distillation unit may comprise at least one distilation colunm and ether components,

[00130] {n varicus embodiments, the distiflation may be carried out in batch mode or
continuous mode. Iy varicus embodiments, the distlation may cccur at a pressure of about 5

millibar (mbar) to abouwt 100 mbar, In vartous embodiments, the tempesature &t the top of the

distillation column may by abowt 12000 1o about 190°C,

while the temperature in the rebotler may

b about 17D to about 230°C,

[00431] In varions embodumenis, POM may be obtamed and possess desirable
characterislios such as being odor-less. In other words, the scent of the PCM may be eliminated.
{fnncontrast to a POM obtained by 2 prior st method, the POM of the present invention may have
comparable or better purity, a different range of melting temperature andfor & different heat storage

capacity or heat of fuston. In varlous embodiments, the POM may be ebisined in a yield of about
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0% to about 30% of PUM portion in the treated o} {or treated off feed). In various enbodiments,

the ixoparaffin content in POM isin the range of ahout § wi¥ o about 1 wi%e and the n-paraifin
i B K

sonsent in POM is ir the range of abowt 99 withs to about 100 wi¥,

{00133 i1y various embodinments, the gt least one component is selected from the group

consisting of n-paraffin having less than 16 carbor stoms, w-hexadecane {1-C16), n-heptadecane
{n~C 173, n-octadecane (n-C18) and nepacaffin having more than 18 carbon atoms. In various
embodiments, the at Jeast one component may be an indostrial solvent. In various embodiments,
the purity of the at least one component is high, In various embodiments, the industrial solvent
wmay have high purity because itcompeises at least B9 wi% n-paratfing. Consequantly, the industrial
solvent may predominantly confain n-paraffing and thercfore have good oxidation thernl
stability, In other words, the industrial solvent consists essentially of n-paratfin, wherein the n-

paratfin may be at least one Kind of n-paratiin,

[00133] b various embodiments and as Hustrated in Table §, the industeial solvent ubtained
from the method of the present invention may comprise kess than U ppo of sulplwr and less than
U wi% or negligible (not detevtable via analytioal methods) avomatic compounds (or aromatic
gontent). In various srbodinents, the industrial solvent may contain less than or equal to 50 pants
per million by weight (ppraw} of water. In contrast, conwmercially available green diesels may
have a significamly higher sowount of water, such sy 2,000 ppmw of water. In various
embodiments, the mdastrial solvent of the present invention may have other features such as but
not Himited tor relatively high flash point, relatively narrow distillation range, low viscosity, mild

olour, mild odour, low density, nonepolar, and low reactivity. In varions embodiments, the
industrial solvent may be a non-flammable lgoid because it has a relatively high flash peint. {n
variows embodiments, the Hash potot of the indusirial solvent may be abowt 120°C to about 130°C.
In various embodiments, the distillation range of the industrial solvent is in the range of about
240°C 1o about 280°C or about 250°C to about 270°C, In variess smbodiments, the IBP of the
indusirial solvent s at least 290°C or at least 230°C. In varions embodiments, the FBP of the

industrial sobvent s at most 280°C or at most TT°C,

[00134] In varipes embodiments and as Hlustrated in Figure 2, the treated oil for making
PCM (streanmt 114, wherein the composition of stream 112 15 idontioal to stream 114} passes
through a distiflation column {apparatus 142), thereby separating stream 120 which contains n-
paraffin having ess than 16 carbons and stream 19, Stream 119 then passes through snother

distillation colamn {apparatus {44), theveby separating stream 123 whinh containg n-bexadecane

o
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as & main componzat of at least about 990 percent by mass and stream 122, Strearn 122 then
passes through another distillation cohwns {apparatus 146), thereby separating stream 126, which
conaing n-heptadecane as a main component of at least about B0 percent by mass and stream
{25, Stream 123 then passes throngh another distitlation colomn (apparatus 148}, thershy
separating stream 129 swhich contains novtadecang as & main component of &t least about 92.0
percent by mass and stream 128, which contains neparaffin having more than 18 carbon atoms as
a main component, Iy various embodiments, stream 128 may exit from the bottom of distiliation

celumn (apparatus 148 and used as o el oil (bunker oifl, Aceordingly, more than one distitiation
colunns may be coupled to each other. In various embodiments, the fuel oil may be used for
varipus applications such as but not limited o fuel for nobile engines.

[00135] In various embadiments, the method further comprises passing the at least one
component through an adsorption anit. In other words, thedistillation column is coupled to the
adsorption unit. For example, the datilation column is connested to the adsorption unit
Advantageousty, the adsorption wmt may improve the quality of the al least one component by
eliminating any remaining contaminans, thereby making it suitable for a desired use, such as but
ot rmited toan indostrial solvent or a POM. Remeval of the contamivants, such as but not Hinuted
o andesived volatile organic compounds, substances that may ingpart a bad odour or colowr o the
mdustrial sobvent andfor the POM, may mindmive or eliminaty undesirable shoracteristics of the
industrial solvent or the POM, such as bat not Hindted to a bad odour or an andesired colour
{00136} In various embodiments, the adsorption unit comprises at least one adsorption
columa, cach adsorption column may comprise at least one adsorbent selected from the group
cousisting of activated carbon, ion exchange resin, molecular steve and chewical adsorbent. In
various embodiments, the fon exchangs resin may be a basic on exchange resin or s acidic lon
exchange resin In vavious embodiments, the molecular steve may have g pore size ranging from
about 3 anpstrom (A)  about 15 AL In various embediments, the chemical adsorbent may be basic
or aedic, preferably basic,

[001371 In varicos embodiments, when a contaminant fows through an adsorption unit and
contacts an adsorbent, the contaminant is adsorbed by the adsorbent.

{00138} In vartous smbediments, the adsorption may proceed st stinospheric pressure, at a
temperature of about 30°C 1o about 70°C and & space velogity of shout 0.3 ' to 20 R

[001389] Invarious embodiments, the iemperature of the adsorphion wi dogs not nesd o be
adjusted, thereby leading to gase of operation. In addition, the temperaturs of the adsorption unit
may be selected based on the tomporaturs of the Input stream, such as ot vt mited 0 stresne

120, streant 123, stream 126 and stream 139
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{00140 irs various smbodiments and as Hlustraled in Figure 2, stream 120 passes through
avpadsorption undt (apparatus 143} to for streams 121, which is suitable o be an industrial solvent,
{00141} b various embodinents and as Hlostrated 1o Flguee 2, strean 123 passes throngh
s adsorpiion unit (apparatus 145} o form stream 124, which is suitable to be a POM (PCM #1 ).

[00142] In various embodiments and as Hustrated in Figure 2, stream 126 passes through
(23,

[00143} Iy vartous embodiments and as Hlusirpted in Figure 2, stream 129 passes through

an adsorption unit {apparatus 147} to form stream 127, which is suitable o bea POM (PCM

an adsorption unit (apparatus 149) to form stream 130, which s suitable 6 be a POM (POM #3).

{00144 Iy another aspeet of the present iyvention, there is provided groen diesc] obtainable
hy the method described above, wherein the green diesed comprises isopaaifin inan smount of §

to 10wt and neparaifin in an amount of 90 to 100 wi%.

[001458) In variouy embodinents, the distilation range of the green: diesel is relatively
narrow. In varions embodiments, the distillation range of the green dicsel is 1n the range of abont
200°C 1w about 350°0C, abour 350°%C to abowt 330°C, about 255%C o abowt 330°C, about 255%C W
about 323°C, about 260°C to about 325°C, about 260°C 1o abaas 330°C, abowt 250°C to sbout
J23°C, or about 260°C to aboat 323%C, {n various embodiments, the iniital botling point (IBPY of
the green diesed is in the range of about 200°C to about 330°C preferably about 230°C © about
310°C, about 250°C to abowt 270°C, sbout 235°C to abowi 265°C. In various embodiments, the
[BP iy at least 230°0 at least 235°C or at feast 260°C. Compared with commercially available
green diesels, the IBP of the green dicsel of the present nvention may be relstively higher. In
various enshodiments, the IBP of the green divsel of the preseat invention may be abowt 2680.5°C,
wherens the IBP of a first commercially available green diesel s 180°C, while the IBP of asecond
commercially available green diesel is 173°C. Consequently, this shows that the green diesel of
the present invention has a higher composition {or proportion) of vormal paraffin having high
carbon atoms (such as 1-C15 to n-C18) than commercially available preen diesels.

{00148} in various emboediments, the Baal boiling point {(FBP) of the green diesel is lower
than commergially available green diesels. In vartows embodinents, the FBP is at most 330°C, 8
most 340°C, at most 3357, at most 330°C or at most 325°C. Specifically, the FBPE of the green
diesel of the present invention is about 323.0°C. whereas the FBP of the frst commercially
avatlable green divsel is 300°C while the boiling point of & third commercially avatlable greey
diesel s froam 350°C. Consgquently, when the green dissel of the pressat invention is used {or
combusted), the amoeant of pollution genorated i3 relatively lower than commercially available
green dissely, For example, loss soall particles ave generated from combustion of the green diesel

of the present fveention,
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{00147} It another aspect of the present invention, there is provided a phase change wateriad
phiainable by the method desoribed above, wherein the phase change materisl comprises

isoparalfin in an amount of 0 © 1 wits and t-paraffin in an amount of 89 o 100 wite

{00148] Ir gceordance with auother aypect of the invention and as ilostated tn Frgure 1,
there Ls provided a system for pracessing a bio-based matertal comprising a reactor 133 for reacting
the bio-based maienial (stream 101) with hydvogen (stream 1043 inthe presence of a catalyst on g
support to form a treated o} {stream 109} wherein the bio-based material {stream 101} 1

refewable: and wherein the resclor 133 comprisex g oooling function for controlling the
emperature of the reactor; wherein the cooling function s at least one of an internal cooling

fonetion and an exiemal cooling function,

{00149 In various embodiments and as illastrated in Figure 4, the taternst conling function
midy comprise 8 cooling substance, whersin the conling substaves may be a frosh amount of the

hio-based material, & fresh amount of hvdrogen, and/or a portion of the treated oil,

{00158] In various embodinments and as Hustrated in Figore 1, the systeny forther comprises
a bigh-pressure separator (apparatus 137) and a low-pressure separator {apparatus 138} for passing
the treated oil {stream 109} throught In vavious enbodunents, the reactor 135 1s coupled to the
high-pressure separator {apparatus 137}, For example, the reactor 135 is connected fo a heat

<ohanger (apparatus 136) and the heat exchanger (apparatus 136} is connected 1o & high-pressure
separator {apparatus 137} In various embodiments, the high-pressure separator {apparatus 137} is
coupled to the low-pressure separator (apparatus 138}, For example, the high-pressure separator

{apparatns 137} is connected 1o the lowepressure separator {apparstus 1381

(60154 In various sinbodiments, the external cooling function comprises & multi tube or 8

shallow bed reactor ot a heat transier unit

[oo182] In varlous embodiments, the external cooling function further comprises a coolant,
wherein the coolant may he a fresh amoum of the blo-based material, & fresh amount of hydrogen,

anclor 2t portion of the treated ail, or 8 heat transfer fluid.

[00153] In varicus embodiments and as Hustrated tn Figure 1, the system further comprises
a distillatinn undt (appavatus 139) for passing the treated oil (stream 113} through to form green

diesel (stream 1173 In various embodiments, the distilation wait tapparatus 139) s eoupled to the

3

the distithation anit {apparatus 139) is

P

fow-pressure sepavstor {apparatug 138). For example,
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connesctest to the lpw-presswre separstor (apparatus 1381

{00154} I various embodiments and as tlustrated in Figure 1, the system further comprises
an adsorption unit (apparatus 140} for passing the green diesel {streamy 117} through. In varions
gmbodiments, the adsorption unlt (appardtus 140) s soupled to the distilistion uait {apparatos 1393
For example, the adsorption unit {apparatus 140} is comnected to the distillatiom ondt (apparatus

139).

[00155] Dy varipus embodinents and as Hustrated i Figure 2, the systam further comprises
at least one distilation codumn {such as apparatus 142, apparatus 144, apparatus 146, apparstus
148) to soparate the treated off fnto ot least one component. I various embodiments, one of the at
feast one distillation columin (such as apparatus 142} ts coupled 1o the low-pressure separator
(apparstus 138). For instance, the distiliation colunm {apparatus 142} is conneeted {o the low-

pressure separator (apparatus 1381

[001886] o varions embodiments and as Hostrated in Figure 2, the system further comprises
an adsorption cobumn {such @ apparatus 143, apparatus 145, apparatus 147, apparatus [49) R
passing the at least one component through. In varions embodiments, the adsorption column may
he part of an adsorption unit, In vaviows emboediments, the adsorption colamn (such as apparatss
143} i3 coupled to the distillation column {such as apparatus 142). For instance, the adsorption
column {spparatus 3} is comeoted {0 the distillation cohwon (apparvatus 142), the adsarption
cobumn {apparatus 143) i3 comnected to the distillation column (apparatus 1443, the adsorption

columua (apparatus 147) s connedted to the distillation column (apparatas 146), and the adsorption

colun (apparatus 1483 s connected to the distiflation colnmn (apparatus 148).
[001587] Iry accordance with another sspaet of the mvention and as lustrated in Figare 3,

there is an alternative method for preparing green diesel and POM. In vartous embodiments, the
method of processing a renewable bio-based material comprises the step of reacting the bio-based
matterial with hvdrogen i the presence of & catadyst on a support i & reastor 0 form a treated ofl;
{1} passing the treated ol through a distillation unit and an adsorption unit to form green diesel
andfor (i1} passing the treated ol through at least oue distillation colunm to sepavate the teated ofl
frite at feast one comipunent and passing the at least one component theotgh an addorption coltimm,
andd wherein the reactor comiprises a cooling function for controliing the teruperature of the reactos;
wherein the cooling function st loast one of an interngd cooling function sad an exdenml cooling

unction,



31

20

WO 2019/212421 PCT/TH2019/000010

30
[po158] Similar {o the method Hustrated 1a Figure 1, a bio-based material {stream 101} may

be passed through a pamp (apparatus 131}, wherein apparatus 131 18 adapled to contrel the fow
rate and pressure of the bio-based material, As such, when streams 101 passes through apparatus
131, stream 102 i3 formed, wherein stream 102 comprises the bic-based material having s
predeternuned ow rate and pressure, and wherein the prissure of stream 102 i higher than the
pressurcol stream T Strean 102 then passes throngh o 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 prodetermined temperature, wherein the
temnperature of stream 103 is higher than the provided a system for processing a bio-based material
comprising & reactor 135 for reacting the bio-hased material (stream 101} with hydrogess {stream
104} in the presence of a catalyst on 8 support to form a treated oif (stream 109} wherein the bin-
based material (streant 1071} i5 renewable; and wherein the reactor 138 comprises g cooling
function for controlling the temperatare of the reactor; wherein the cooling function s at least one
of an internal cooling function sod an external conling funchion.
{00189 Similar to the method Hlustrated in Figure | and as iHlustrated in Figure 3, stream
103 and stream 106 muy react by contacling the surfacs of the calalyst in the reactor, thereby
produding & treated ofl (stream 107} In vanous embodiments, stream 107 then passes through a
heat exchanger {apparaius 136) followed by a high-pressusre separator {apparatus {37} and a low-
pressure sepéarator {apparatus 138). In various embodiments, the method iHostrated in Fipure 1 s
identical to the methad Husirated in Fipure 3, except that the separation point of the treated oil i
moved sach that the separation point is after the distiflation unit {apparatus 139) instoad of after
the low pressure separator {apparatus 138} In various embodiments, after passing through the
high-pressare separator {apparatus 137), a purified trented off (strearn 10%) and a gaseous
component (stream 110} are formed. In various smbodiments, after the purified treated ol (stream
109} passes through apparatuy 139, low beiling point hydrocarbon compounds (stream 116) are
separated ont,
[00160] I various embodiments and as Hlustraded in Figare 3, the treated oil for making
POM passes through a distilation column (apparatus 142), thereby separating stream 120 which
gonlains a-pacaffin having less than 16 carbons and stream 119, Stream 119 then passes through
ancther distiliation colunm {apparatus 1447}, thereby separaiing stream 123 which contains -
hexadecane as & main component of gt least abowt 99,0 percent by mass and stream 122, Steeam
122 then passes through another distillstion columy (apparatus 148), thevely Sspai‘&ting stream
126, which contains -heptadecans as @ main conponent of at feast about 99.0 percent by mass

and siream 125 Stream 123 then passes through another distiiation columy {apparatus 148},
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thereby separating siream 129 which contatns n-octadecane ax & main component of at least abont
99 0 pereant by mass and streams 128, which countains n-paratfin having more than 18 carbon atons
as a main component., In varioas embodiments, stream 128 may okit from the bottony of distliation
olumt (apparsing 48} and used as & fued ofl (harker oll).

Qo164 In various embodiments and as illustrated in Figoe 3, stream 120 passes through
an adsorption wit {apparatus 143} to form stream 121, which is suitable to be an indusirial solvent,
00162 In variouy cimbodiments and as Hlustrated in Flgure 3, stream 133 passes through
an adsorption unil (apparatus 145} to form stream 134, which is sultable o be a POM {(PCM #1).
{60163} I vartous embodiments and as Hiustrated in Figure 3, strean 126 passes theough
an adsorption unit {apparatus 147 to forny stream 127, which is suitable to be a POM {PCM #2).
[00164] o vartous embodinmats and as Hustrated i Figee 3, stream 129 passes theough
an adsorption unit fapparatus 149) to form stream 130, which i3 sultableto be o PCMAU(PCM #3),
[00185] In various embodiments, it would be undersiood by a persen skilled in the art that
the POMAPOMEL, POM #2, POCM #3) obtadned from the ahernative method illustrated 0 Figure
3 i identical o the covresponding POM {PCM #1, POM #2, PCM 43) obtained from the wethod
Hustrated iy Flgure 2.

[e0166] In various embodiments and ag Hustrated in Figure 3, instead of passing through
the distillation cohunn (apparatus 142}, the purified tweated oil may pass through an adsorption
unit {apparatns 1403 In various embodinents, apparatos 140 is adapted for eliminating suiphur
and decreasing acidity of stream 1135, therehby forming green diesel {stream 1173 1L would be
anderstond by a persen skilled in the art that the green dicsel abtained from the method Hostmied

i Plgore 3 iy identicad to the green diese] obtained trom the methed fustrated in Figure 1,

[a0167] o sccordance with snother aspect of the invention and as Hustrated in Figure 3,
there is provided a system for processing a bio-based material comprising & reactor 135 for reagting
the bio-hased material (stream 101) with hydrogen {stream 104) in the presence of a catalyst on a
support to form a trested ofl (stream 109} wherein the bio-based material {stream 101) is
rengwable; and wherein the resctor 133 comprizes & ceoling function for controlling the
temperature of the reactor, whersin the cooling function it at least one of an intornal cooling

fanction and s external cooling fuction

[DO168] In various embodiments, the system further comprises 8 high-pressure separator
{appavatus 137 and 8 low-pressure separator (apparstus 138) for passing the reated oil {stream
HI9y theoughe by various embodiments, the reactor 135 is coupled 1o the high-pressure separator

{appamtus 137 For example, the reagtor 135 §s connecied © a hoit exchanger (appargtus 136)
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and the heat exchanger {apparatus 130} is vommected (o 8 high-pressure separator (apparatus 137,

In various sothodiments, the high-pressure separator {apparates 137} &5 coupled to the low-

T

pressure separator {apparatus 138) For example, the high-pressure separator (apparatus 137} s

connedied o the low-pressure separator {apparatus 138}

(o4

00169 o varions embediments, the system farther comprises a distillation unit {apparatas
B apr

1 39) for passing the treated oil {stream 113) throngh. In various embodiments, the disgHation unit

{spparatus 139} is coupled to the lowepressure separator {apparatus 138). For example, the

distiliation unit {appargtus 1397 is connected to the low-pressure separstor {(apparatus 138).

{01707 fvarions embodiments, the systom further compeisey an adsorption unit (apparatus
10 1403 for passing the green diesel (stream 117) theough, Aliernatively or in addition, the system
further comprises at loast one distillation coluran (such as apparatus 142, appaatus 144, apparatay

146, apparatus H4R) to separate the treated oil into at least one component.

00171} fn varioes embodiments, the adsorption unit (apparatus 140) s coupled o the

distillation unit (apparatus 1393 For example, the adscrption tnit {appardius 140) is connected to

oy
161

the distillation unil (apparatus 139}

004731 In variouy cmbodiments, one of the at feast one distillation colamn {(such as
apparatus 142} s coupled to the distillation unit (apparatus 139). For lnstance, the distillation

golunn {apparatds 1423 15 canpected o the distillation unit {appamius 139),

o073 In various smbodiments, the system further comprises an adsorption cohuni (such

20 as spparatus 143, apparatus 145, spparatus 147, apparatus 149 for pessing the at least one

component through. In vartous embodiments, the adsorption column may be part of ap adsorption
wid, o various embodiments, the adsorplion column {such as apparatus 143} is coupled o the
distifation colunm {such as apparatus 1423 For instange, the adsorption column {apparatus 183)
is connected to the distillation column (apparstus 1423, the sdsorption column {appavatus 1453 is
25 pomnected fo the distillaton column (apparatus 144, the adsorption column {appavatus 147} i
comnected to the distilation column {apparatus 146), and the adsorption column {apparatus 148}

i3 couhected 1o the distiliaticn column (apparatus 1483
EXAMPLES

Example
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{00174} Different catalysis on an acidic porous solid support were wsed and the

sffectsfresulis obdaimed are showy i Table 1

Table 1: Difforent types of catalysts and their effectsfiresults

Coldor AR

Efficiency of the catalyst is lower than the catalysts in the group
of NiMo in every experimental condition

Treated oil vbiained with a ot of vepetable ol {starting material}
mixed with the weated oil

Volame of isoparaffin in treated oif is high

NiMoALO:

Efficieney of the ¢atalyst ¢ high
Catalyst aclivated the hvdrodeosygenation reaction
Treated oil obtained without any reruaining vegetable oil

{starting material)

Volume of isoparaffin in the teded oil is low

NIW AR

Efficiensy of the catadvst is high

Catalyst activated the hydrodenxygenation reaction
Treated oil oblained without any remaining vegetable ol
{starling material}

Volume of isoparaffinin the treafed ol s low

NiCoMo/ALOs

Effictency of the catalyst is high

Catalyst activated the decarboxylation reaction, decarbonylation
reaction and spmerization reaction

Treated off obtained without any remaining vegetable oil
{starting material)

Volume of n-C1S and 0-C17 i teated ol s ngh

YVolume of ivoparaffin in treated oil is high

5

NivnP AL

Efficiency of the catalyst is high

Cutalyst sotivated the isemerization reaction

Treated oil obtained without any remaining vegetable otl
{starting material).

Volume of isoparaffin in treated ol 15 high
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Example 2

[o0175] Fagtors that affect the efficiency of the eatalyst were Investigated and areshown in
Tabde 2,

v

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

Heavy met bio-based Active sites of the catalyst were destroyed by the heavy
maturial metal

= Effictency of the catalyst decreased rapidly

e [eveversible danwage to efficlency of the catalvat (e
unable to recover efficiency)
Phosphelipid compound in # Active sites of the catalyst are aocupied by the
to-based material phospholipid compound, thereby Ieading fo aloss in

availabde active sites for catalyst 10 react the Hio-based
material with hydrogen

« Efficiency of the catalyst wig decreased rapidly

»  Irreversible damage to effivienty of the catalyst {fe

unable to recover efficiency)

Lack of hydrogen & Active sites of the catalyst were covered by coke from the

reaction of vegetable oil without hydrogen

« Elficiency of the catalyst deoreased mapidly due to direct
contact of io-based material with the catalyst
s Irreversible damage to efficiency of the catalyst (ie
unable to recover efficiency}
Lack of bio-based material e Aptive sites of the calalyst were tnsformed o a new type
ol active site with lower efficiency
e Efficiency of the catalyst decreased dus to diveet contagt
of hydrogen with the catalyst
& Elficiency of some parts of the catalyst was recoverad by
adding suifidation agent
Lack of sulfidation agent e Active sites of the catalyst fose the sulfur withowt reoeiving

the substitute saffin

e Efficiency of the catalyst decreased
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»  Eiftciency of the catalysta was recovered by eontismuousty

adding sulfidation agent

Example 3

{00178} A method In accordance with embodiments of the present invention was carvied out
using palm olein as feedstock, hydrogen and the catalyst used was NiMo on ALOs, to prepare
freated oil. The temperature of the reactor was varied from 300°C to 360°C at g pressure of 30-70
bars, space veloeity was 1.0 W! and ratio of hydvogen gas to pabm olein was 0.08 g hydrogen'y

oil,

{80177} Selected examples of the properties of the teated o are shown in Table 3.

Table %1 Bifect of temperature on properties of treated ol

2 320 3§ 0.074 23,0
3 340 35 0.050 22,5
4 180 38 0.038 22,2
N 360 33 0.040 222

Example 4

[00178] Another method in accordance with embodiments of the prosent invention was
carried out to illusirate the effect of using different catalysts, such as NiMo/&hOy and
NiCoMao/AbUs, in the method of preparing a treated oil. The temperature of the reactor was 330°%C

at @ pressure of 35 bars, space velocity sas L0 e’ and ratio of bydrogen to palm olein was (.06

& hydragen/g oil.
[00178] The properties of the obtained treated oif are shown in Table 4.

Table 40 Effect of catalyst on properties of treated oil

Amount of beanched-chawn 0.0-1.2 i 4346

- Paraffins (wil)
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Other components having ERY 28
Carbon less than 13
Cloud Point Valuwe 22, ) 219
L Actd Value §.008.171 (.026-0.086

{00180 The results ia Table 4 show that the MiCoMo/ALO: catalysl Ted 1o 8 higher amount

of brasched-chain puaffins in the rosultant green diesel relative to the NiMo/ALO; catalyat,
Without wishing to be hound by theory, i 15 believed that the NiCoMe/ALO catalyst will cause
an isomerizatinn reaction, which will convert inear-chain parafiin products to branched-chain
paraffin prodacts, as rellected by the cloud point of the products, be particular, since lnear-chain
paraffin products have the same number of carbon atoms as branched-chain paratiin products,
tranched-chain paraffin products will have a lower meliing point than Lnear-chain paratfin
products, Theretors, a higher amount of branched-chain paraffing will lead o 8 decrease to the

cloud poiot of the resultant gresn diesel,

[0D181} The results in Table 4 also show that the amount of branched-chain paraffing in the
products prepared using the NiMo/ALQ; catalyst is lower than the pradacts obtained from the

NiCoMo?Al:Os catalyst, which mishns that the treated oil obtained using the NiMo/AkOs catalyst

s more suttable for PCM production.

[00182] Furthermore, it was found that both catalysts, NiCoMo/Al:(h and NiModALG:
provided products having similar acid values, thereby showing that they have similar catalytic
efficiencies.

Example §

[ea183] & method in accordance with some embodiments of the present Invention was
carried out nsing palne olein as feedstock, hydrogen and the catalyst used was NiMo on AlQO3, to

prepare treated ofl sultable for proparing a PCM. The temperatere of the reactor was 330°C

w»

prassure of 35 bars, space velocity was L0 b and ratio of hydrogen to palm olein was 0.06 g

[o0184] The treated oil was passed throogh a method of separation to remove undesired by

products and gases, Subsequently, the treated o was intreduced into 8 vacuum distillation tower

in avcordance with entbodiments of the present invention.

[00185] The volome and composition of the POM products and by-preducts obtaned from
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gsing 100 Hires of treated oif are shown in Table &,

Table 5 Properties of POM products and by-products obtained

Product volume 20 7
(Litre)
Cis 02 0.0 40
Cis ' 99,5 0.l 0.0
Cis 0.0 093 0.0
Cia a9 03 99.5
Other 43 0y 0.3
Esample &
{00186] A methad in accordance with embodiments of the presaat invention was carvied out

using various bio-based material us feedstock, hydrogen and the catalyst used was NiMo on AL,
fo prepare treated oilf suitable for preparing green digsel. The tomperature of the reactor was 350°C
at a pressuve of 33 bavs, space velocity was 1.0 hr'h and ratio of hydrogen to bio-based material

wis .06 g hydrpgen'y bio-based material,

00187} The following bio-based materials weve used: Bleached Palm Oi -(BPO}, padify
olein, and Palm Fatty Acid Distillate (PEAD) and the offect of the var

shown in Table 6.

Table 6: Effect of bio-based material vn properties of green diese

Qther compoeneats baving e

than 15 Carbon

Clowd Foing Value 216 229 2338
Acid Value 0.015-0.004 GO09-0.171 0.031-0.202
fon1asy The results show that the clond point value and amount of other components having

less than 13 carbon atoms will chasge slightly depending on the difforent bin-based materigl,
However, assuring that there is no contaraination doe 1o the bio-hased waterial, esing 8 different

bio-based muaterial will not affect the catalyst efficiency, ay refleeted by the similar acid value of
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ireaied oil obtained.
Example 7

{00189 A method in accordance with ermbodiments of the presentinvention was carried ot

to further provess treated oil from Example 4 to form POM and an indusirial solvent. Nido/ALD:

4

was used as the catalyst and the method is identical to that ilustrated in Figares T and 2
Consequently, an industrial solvent (GTRY) and theee diffevent PCMs (POM #01, #02, #03)

{stream 121, 134, 127 and 130 respectively) were made.

{00190} Fxperiments were conducted © study the charcteristios of POM 801, 02, #03
obtained from the method of the present invention. The characteristios of POM #01, #02, #03 ame
10 shown in Table 7. Impartantly, PCM #01, #02, #03 were obtained with high purity ol at least %9%
by weight, as analysed by Gas Cleomatography — Flame lonization Detector (GC-FID). In
contrast, the commereially available POM has a purity of about §9% to about 94%:, Conseguently,
the commercially available POM had o purity of about 3% to sbout 10% less than the POMs

ghiained in the present invention.

15 [eotet) Farthermore, experiments were conducted to study the cheracteristics of the
industrial solvent (GTR1) oblained from the method of the present invengion (Table 8)
Advantageously, the industrial solvent was found to contain less than 1 ppm of sulphur and Jess

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

Table 7: Characteristics of PCM #01, 802, #03

Melting Polmt {°C 17-19 21-23 27

Heat of Melting {J'g) 200-220 200-220 208-220
Sulfur Contert (ppm) <ippm <Yppnt < ppo
Aromatic Content (wils) <}wt¥h O <lwi% <] with
Aleohol Content {(ppm) <l ppin < ponn <lppin

20 Note | wi% 3 equivalent fo 10,060 ppm.

Table 8: Charactetistios of an fudustrial solvest {GFTRY)

ASTM D93
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Deaity {greand/millilitee, ASTM D432 0.76-0.78

gimly

YVapor Prossure 5.00.0

{kilopascal) ASTM D453

Arvomatic Content 139 < 1ppm
Sulfur Content ASTM D4204 | < Ippm
Distillation Range ASTM DE6

iBp 28°C

SO% Recoverad 2008

FBF IHPC

The strocture of POME0T, #02, #03 and GTRI are shown in Table 9, As tlustrated in Table B,
GTRY s g n-paraffin having 1§ carbous {n-C1E), PCM #1 &s a neparaflin having 16 carbons {n~
C16), POM #02 i a n-paraffin baving 17 carboms (0~C17) and FOM #03 is a n-parattin having 18

carbons (n-C18).

Table 9 Chamical structures of POM #01, #02, #03 and GTRY made using the method of the

presont invention

JTR1

POM 801

POM M2
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POM #03
Example 8

[p0182] The distillation range of 1 green diesel obtained from the method of the present
invention is shown in Table 10, In particalar, the treated oil obtaired from Example 4 was used,
wherein NiCoMo/ALO: was wsed ag the catalyst and the tregted ol was passed through a

S distiblation anit apparatus 139) followed by an adsorption colunm {apparatus 140}, As Hlustrated
in Table 10, the distillation range of the green diesed is in the rangs of about 200°C to aboul 330°C,
in parsicular about 260.5°C o shout 323.0°C, Compared with vommercially available gresn
diesels, the 18P of the green diesel of the present invention i relutively higher. Specifically, the
IBP of the yrern diesel of the present fuvention s 260.5°C, In contrast sad for instance, the IBP of

10 & first commercially available green diesel is 180%C, while the 18P of a sceond commercially
available green diesel s 173°C. Consequently, this shows that the green diesel of the present
invention has a bigher eomposition (or proportion) of normad paraffin baving high carbon atoms
{such as n-C13 o n-C18) than the commercially available green diesels.

[001831 Furthermore, it can be seen that the final boiling point (FBP} of the green diese] of

%]

the present inveation is lower than commercially available green diesels. Specifically, the FBP of
the green diesel of the present invention s 323.0°C, In contrast and for wstance, the FBP of the
first commerciglly available green diesel is 360°C wihile the boiling point of a third commercially
available preen dieselis from 350°C, Consequently, when the green diese! of the present invantion
is wsed (or combusted), the amount of pollution generated s relatively lower than commerciadly

20 availabde greon diesels. For example, loss small particles are generated from combustion of the

green diesel of the present ihvention,

{00194} Inaddition, the green diesel of the present invention is substantially free of oxyger-
containing compounds (i.e. no oxygencontaining compounds). In contrast, commercially

available preen dicssls may contain oxygen-vontaining compounds. Due to the absence of oxygen-

2

5 containing compounds, oxidation of the preen divsel of the present fnvention may be reduced or
prevented, As such, good thermal oxidation stability is achisved. Consequently, the green diesel

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

diese] of the present invention has an oxidation stability of 35 hows according to EN 13751
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green diesel of the present invention,

of & green diesel

PCT/TH2019/000010

Advatageonsly, additives such as aptionidants are not required o increase the shelf life of the

Dansity

) A&&

i

M DAOS2

0.7822 gimd

Arcomatic Content

391

6000 ppim (0.6 widi)

YViscosily

ARTM D445

1.092 mms

Subfur Codtem

ASTM D5453

010 ppm

Water Content

ASTM De304

17 ppm

Flash Point

ASTM D93

124°C

Oxidation Stability

EN 15751

35 Howes

Distitlation Range

ASTM DR&

IBF

260.5°C

% 276.5°C
10% 251590
20% FOC
0% 286.5°C
0% 288.3°C
50% 390.0°C

291.0°C

292.0°C

29500

RCCAIR S

30eC

X000

YaRecovery

Gi.6%vol.

PaResidoe

3. Wevol,

Saloss

£.3%vnl

Cemparative Example )

[00185]

compared with a series of aliphatic wineral spirits, SheliSol

~

An industrinl solvent of the present invention, GTRI from Example 7, was

D38 (A1) ShollSol™ MO (AZY
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SheliSol™ DGO {A3), ShellSol™ D70 (Ad), ShellSol™ DRO (AS), ShellSol™ DB0 (Ad) and
ShelSei™ D100 (A7) (Table { 1), The information regarding the series of aliphatic mineral spirits
Al © A7 is based onthe technical datasheets prepared by Shell™ and the test methods are a8
follows: American Society for Testing and Materials (ASTM) D36 was used to measure the flash
point of Al to A3, ASTM D93 was used to measure the flash point of Ad 1o AT, ASTM D052
was used (o measure the density of &1 1o A7, gas chromatography (00 was used to measure the
aromatic content and the sulfor content of Al to A3, Shell Method Nerjes (SMS) 2728 was used
to measure the aromatic content of Ad to A7, Intermational Urganieation for Standards{ISO) 20846
wae used to mcasure the sulfur content of Ad to A7, ASTM DES was used to megswg the
distilation range of A1 © A7, Aliphatic minerad spirits sre produsts of peteoleum refinery and are

produced by (i) fractionation and hydrogenation of petroleum feedstock such ax virgin naphtba

S

~3

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

sity solvents and have low aromatic content,

[00196] Ay iHusirated in Table 11, an industeial solvent of the present invention such as
(3TR1 has several advantages over the series of aliphatic miners] spivits, namely, Al 1o AT, For
instance, the Pash point of GTRI is siguificantly higher than that of Al to A7, Due to the
production provess and nature of the feedstock, sliphatic mineral spirits cortain Dulder
hydrocavbon componnds, thereby causing the Hash point to be tower than that of GTR 1. A higher

flash point allows (GGTRY o be rendered g non-flammable Hquid, fn general, any lquid that bas a

flash point below 93°C is considered a flammable liquid,
[a0187] fn addition, the distillation range of the industrial solvent of the present invention

such as GTR iz significantly narvower than that of the aliphatic mineral spirits. This is because
GTRY predominantly countains p-C13 and smaller amount of lighter ends {ov light fraction).
Furthermore, the aromatic content of the industrial solvent of the present invention such as (TR
is lower than that of the aliphatic mineral spirits (<1 ppm ve <200ppm). This is caused by the fact
that petoleum feedstock usually contains a considerable amount of aromaties and the
hydrogenation tnil {2 step 1o the provess whereby aromatics ave converted into sliphatics) always
teaves trace amount of aromatics fn the aliphatic mineral spirits. In contvast, the method of the
prosent invention allows for usage of aromatic-free fudstock because a bio-based material Is nged
as the feedstock instead. Therefore, the presence of aromatic coutents in the desired products has

heen aveided intrisically,

[00188] Thermal oxidation stability of the industrial sobvent of the present invention such
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&

s

GTRI is alse superior whes compared to the sevies of aliphatic mineral spirits, Good thermal
oxidation stability of GTRY is achipved because GTRT predominantly comains n-paraffing as &
primary somponent. N-pavaffins are more restlient to oxidation reactions compared to aliphatic
compoinids. This characteristic is of wimaost importanes i the industriad selvent is going 1o be used
for an extended period of time. ty partisular, when the industrial solvent has better thermal
oxidation stabilily, it is more resiliont to the eovironment and van keep or maintaln s properties
within an scoeptable Hmit for a longer pertod of time. Consequently, the industiial solvent of the

present invendion has a long-lasting quality and fong-teras slorage.



44 gro/TH

PCT/TH2019/000010

WO 2019/212421

O AL QALATHG O F oY A% QLT IdINOD Y

SjqerIeAs 10N 'V/N

657 89T 5§67 LET T L&1 I8t 0L (Do) d€id

YN /N 9T VN ¥61 €11 691 092 (D0} PAIRAGIRY %0¢

4%4 0zz Ziz €0T L81 091 LS1 05¢ (Do) 481

ouey UONE[NSI

cos CO > <o > I> > > {widd) ooy Mg

{uxdd)

007 007 000 5> 007> 0001 000°5> 000" 1> > WBWOD  OnRWOrY

€080 1080 0280 96L°0 8080 P8LO 8LLO 8L0-9L0 {juu/8) Asua(y

€01 76 £g 8L £9 a4 44 0E1-021 {0) 10104 ysPL]

syards yersvny oueydiye JO SOLI2S B PUR HOUUOAUT 1rasaxd U} JO JUOAJOS [RLUSNPUL O uosuadiuey 111 S[qel

HI/GE By mw\ﬁ



It

st
el

fad
e

WO 2019/212421 PCT/TH2019/000010

45
Comparative Example 2
{00198] Most commereially available indusiria! solvents are petroleamm-based. Nonetheless

biomass-derived indusirial solventy bave been stadied and commuraially produced. Such industrial
solvents are derived from biomass such as starch, callus, carbehydrate, lgnin, terpene and protein
However, these bio-muass dedived industrial solvents do not have properties that are considersd

goiparable with an industrial sobvent of the present invention, such as GTR1.

[00200] An example of a blomass-derived indostrial solvent i a wiglyeeride-derived
solvent, Triglveenide-derived solvents can be categorized ay fatly acid methy] eaters (PAME) aud
glyeerob-derived solvents, FAME can be producsd by either (1) transesterification of trighycerides
or (i) esterification of fatty acids. Comparing sn industriad selvent of the present Invention, such

s GTRY of Example 7, with FAME, although FAME has been widely used as a biofuel, 3ts usage

ped

as art industrial sobvent has begn imited due to ite poor ;;xrs‘}pmtics. Cargill's Agri-Fure™ AP-406

(A8} iz an example of a FAME solvent derived from vegetable odl, Although FAME bas a low
armount of aromatics, a low amount of sulfur, and o high Bash poiat, its chemival structrs makes
it incomparable with an industrial solvent of the present invention, such ax GTR in Example 7
In particular, FAME hes an ester functional gronp whereas an industrial solvent of the present
invention, sack as GTRI, contains predominantly n-paraffing, Consequently, properties such as
thermal oxidation stability, viscosity and colour are difforent between an industrial solvent of the
present invention and FAME, For instance and ay mentioned above, an industrial solvent of the
present fnvention has pood thermal oxidation stability becauwse it predominantly containg n-

paraffin.

(00201} As mentioned above, FAME can be produced by trunsesterification of triglycerides.
Glyeerel iy an important byproduet when transesterification of iriglyeerides is nsed for FAME
production. Due to its nature of befug @ highly tunctionalized compound, glycerol can be converted
inte many kinds of solvents. In particular, the presence of three (3) hydrexyl groups 1y glyeerad
atlows each of the three hydroxy] groups to be functionalized independently of each other.
Examples of ndustrial solvents that can be derived from glycere! inelude but are not lmited to
trigeetin (AW}, plycerel formal (Al) 13 propunediol, 1, 3-dimethoxypropas-i-ol, 1, 2, 3-
trimethoxypropane, solketal and glycernt carbonate (A1) Due to the distinetly different chemical
structise of ghyeerol-derived industrial solvents and the industrial sodvents of the present invention,

the properties and applications are different. An lndusirial solvent of the present invention, GTRI
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from Examiple 7, was compived with Cargills Agei-Pure™ AP-406 (AR), triacetin (AD), glyoorel

formal {810 and glyecore] carbonaie (A TH {Table 12) o Hustrste the differonces,
g &Ony N

Table 12: Comparison of indusirial sobeent of the preseut invention and various glycerol-derived

industrial sodvents

136-139 {

p¥ 4
At

£51 97 =190

0.76-0.78 {88! Li6 121 1.4

o]
fod
(5

Content 50 180 NIA 3000 NiA

{mgfkg)
Aromatic
Content <} NYA N B/ NFA

{ppm)

Sutfur
Content <] MIA NIA N & NIA
{ppm)

Solubility in

Insoluble insoluble LT Miscible Mispible

water {géL}

Comparative Example 3

[002023 Ligoin is a hiomass that mainly comprises of phenoliv polymers and can be
processed into an industrial solvent by either hydrogenolysis or pyrolysis, These processes ean

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

properties of Hgnin-derived solvents ave drastically different from GIRL

{00203) An example of an industrial solvent that can be derived from Hgnin ts lignin
pyroivals ofl methyl ester (LOME)Y, Produced by pyrolysis of lignin, followed by methylation,

LOME predominantly {or madnly) comprises of various anisoles and veratroles.

fO0204] Moreover, heleroeyvelic acetals cun be produced from Hgoin It 1S the only product
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dertved from lgnin that 13 not an aromatic compound. An example of 2 heterooyclie acetal that

"

can be produeced from Henin is 1, 3-dioxilane.

[DOR0OSY Due to the distinctly different chemical structure of lHgnin-devived insdustrial
solvents and the industrial solvent of the present fnvestion, the properties and applications are
different. An industrial solvent of the present tnvention, GTRI from Bxample 7, was compared

with LOME (A 12) and { 3-dioxilane {A13) (Table 13) to illustrate the differences.

Table 13 Comparison of indusirial solvent of the present fnvention and vanious Henin-derived
E N

indusiriad solvents

Properties GTRY Al3
Flash Poi ) N
A 120-130 -5
{~()
Bensity ) )
_ 0.76-0.78 L6
{w'mby
Water
Content S8 N/A
{mgkg)
Aromatic
Contend < N/A
{ppm)
Sulfur
Content wl WA
{ppm)
Solubility in \ o
‘ Insolable Miseible

water {g/L}

{00208} It will be apparent that various other modifications and adaptetions of the inveation

will be apparent to the person skilled in the awt after veading the foregoing disclosure without
departing from the spirit and scope of the invention. I s intended that all such modifications and

adaptations cowe within the scope of the appended claims,

{0207} Further, it iz 1o be appreciated that features from varions embadinmeni{s), may be

combined o form one or more adiditional embodiments,



