BIO-BASED SYNTHETIC FLUIBS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0061] This application claims the benefit of priority from U.S. Provigional Application No.
61/809,183, filed on April 05, 2013, which is incorporated herein by reference in its entirety

for any and all purposes.

FIELD

[6602] The technology relates to production of synthetic fluids from bio-derived feeds.
More particularly, this technology relates to methods for conversion of animal fat, vegetable
oils, and other sources of bie-based fatty acid/esters into paraffinic fluids suitable for use as

solvents, industrial process fluids, and lubricating base oils.

BACKGROUND

[6063] Low aromatic hvdrocarbon fluids, 1.e. tvpically containing less than | wit% total
aromatics, are used in a diverse range of applications where chemical inerness,
thermal/oxidative stability, low toxicity, and low odor are desired. These hydrocarbons are
characterized by their paraffinic nature, a carbon number distribution in the Cs-Cas range,
preferably in the Cs-Cy range. For most applications, the preferred fluids have a flash point
greater than about 100 °C. Other properties specified for hydrocarbon fluids include viscosity
{(specification range dictated by application), and pour point {typically <-10 °C). Minerai oil

is an exampie of a low aromatic hydrocarbon fluid.

[0004])  As aresult of a number of industry trends, such as increased demand for drilling and
hydraulic fracturing fluids and tightening environmental standards concerning eco-toxicity,
biodegradability. and work place safety/health, dernand for such paraffinic fluids has
experienced rapid growth. This has coincided with an increased demand for middie distiliate
fuels {C10-Cay hvdrocarbons) that compete for much of the same petroleum molecules.

Furthermore. with high aromatic feeds such as tar sands finding their wavy into the North
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American petroleum pool, more extensive upgrading (such as aromatic hydrogenation) is
required in order to meet fluid product specifications. Use of mineral oils in cosmetics and
food preparation is banned in the European Union due to concerns about presence of trace
amounts of carcinogenic polyaromatic hydrocarbons—thus providing the need for synthetic

products that are inherently free of these aromatic components.

}0005] Synthetic hydrocarbon products have been used for some industrial fluid
applications. For example C;¢/C g linear alpha olefins (LAOs) from oligomerization of
ethylene, are used as drilling base fluids. However, this synthetic route is non-selective,
producing a wide distribution of even carbon number LAOs, mostly in the C4 to Cyp range,
such that further expensive processing and separation steps are required to achieve the
desired LAO product. Moreover, these even carbon number LAOs in the Cy4 to Cig range are

chemical intermediates and not end-products suitable for use in industrial fluid applications.

[0006] Use of the Fischer-Tropsch process for producing synthetic hydrocarbons suitable
for certain hydrocarbon fluid applications has also been reported. However, the FT process is
very capital intensive and most of the FT manufacturing is dedicated to fuel production.
Because the hydrocarbon range of interest for synthetic hydrocarbon fluids comprises a small
percentage of the wide distribution of FT hydrocarbons (C1-C50+), it is more economical to
hydrocrack and hydrotreat the FT wax and light oil fractions into complex compositions for

fuel use.

f0007] There is thus a need for new processes for producing hydrocarbon fluids from
alternative feeds. More specifically, there is a need for hydrocarbon fluid products that,
based on their feedstocks and conversion processes, are substantially free of aromatics

without further processing such as by aromatic hydrogenation conditions.

SUMMARY

{0608] In an embodiment, a method is provided involving altering the viscosity of bio-
derived paraffins to produce a paraffinic fluid, where the altering step includes oligomerizing
bio-derived paraffins, unsaturating bio-derived paraffins, chlorinating bio-derived paraffins,

or a combination of any two or more thereof; the bio-derived paraffins are produced by



hvdrodeoxygenating a no-based feed: the bic-based feed comprises bio-derived fatty acids,
fatty acid esters, or a combination thereof, the bio-derived paraffins comprise n-paraffing; and
the n-paraffing have a kinematic viscosity of less than about 10 ¢St at 40 °C and

have a biodegradability of at least 40% after about 23 days of exposure 1o microorganisms.

[6689]  In some embodiments, oligomerizing bio-derived paraffins includes contacting the
bio-derived parafiing with an organic peroxide to produce an oligomerized product, where the
oligomerized product has a kinematic viscosity of at least about 10 ¢St at 40 °C. In some
embodiments, the oligomerized product has a biodegradability of at least about 40% after
about 23 days of exposure to microorganisms. In some embodiments, the oligomerized
product 1s a dimer, trimer, tetramer, or & mixture of any two or more thereof. In some
embodiments, the organic peroxide is present in an amount between about 2 wt% and about
40 wt% based on the total weight of paraffins and organic peroxide. In some embodiments,
the organic peroxide comprises di-tert butyl peroxide (DTBP), 2,5-dimethvl 2.3-di{t-
butylperoxyhexane, dicumy! peroxide, dibenzoyl peroxide, dipropyi peroxide, ethyl propyi
peroxide, or tert-butyl tert-amy! peroxide. In some embodiments, the contacting is performed
at a temperature between about 50 °C and about 230 °C. In some embodiments. the
oligomerized product 18 used as a drilling fluid. a hydraulic fracturing fluid, a metal working

fluid, a protecting agent. or a combination of any two or more thereof,

[0010] In some embodiments, chlorinating the bio-derived paraffins includes contacting the
bio-derived paraffins with chlorine gas at a temperature between about 60 °C and about 130
°C to produce a chiorinated product, where the chlorinated product comprises haloalkanes:
and the chiorinated product has a kinematic viscosity of greater than about 10 ¢St at 40 °C.
In some embodiments. the chlorinated product is used as a protecting agent. a cleaning agent,
or a combination of both. In some embodiments, the chlorinated product acts as a flame
retardant. In some embodiments, the chlorinated product is used to clean fabric, metal, or

plastic.

{6811}  In some embodiments, unsaturating the bio-dertved paraffins comprises
dehvdrogenation of the bio-derived paraffins by contacting the bio-derived paraffing with a
dehvdrogenation cataivst at a temperature from about 360 °C to about 660 °C to produce an

olefinic fluid, where the olefinic fluid comprises at least about 10 wit% internal olefins in the
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Cys to Cyg range; and the olefinic fluids have a kinematic viscosity of less than about 10 ¢St at
40 °C. In some embodiments, the olefinic fluid comprises at least about 20 wit% internal
olefing m the €z to Ty range. In some embodiments. the method farther involves
ohigomerizing the olefinic flwid to produce dimers, wimers, tetramers, or a mixture of any two
or more thereof. In some embodiments, the olefinic fluid is used as a hydraulic fracturing

fluid, as a drilling fiuid, or a combination of the two.

{0012} In some embodiments, the bio-derived paraffins are produced by
hydrodeoxygenating the bio-based feed to produce a hydrodeoxygenated product; and at least
partially hydroisomerizing the hydrodeoxygenated product to produce a hydroisomerized
product; where the bio-derived paraffins comprise the hydrodeoxygenated product and the
hydroisomerized product; the hydrodeoxygenated product comprises n-paraffins; the
hydroisomerized product comprises isoparaffins where at least about 80 wt% of the
isoparaffins are mono-methyl branched paraffins; the mono-methy! branched paraffins
comprise iess than about 30 wt% terminal branched isoparaffins; and the isoparaffins have a
kinematic viscosity of less than about 10 ¢St at 40 °C and have a biodegradability of at jeast
about 40% after about 23 days of exposure to microorganisms. In some embodiments, the
hydrodeoxygenated produet includes n-paraffing in the range of about 80 wt% to about 100
wis: cycloparaffins in the range of about T wit% to about 10 wt%: and less than about T wi%

total aromatics.

[6613]  In some embodiments. the bio-derived fatty acids. fatty acid esters, or a combination
thereof comprises algae oils, beef tallow, camelina oil, canola oil, rapeseed oil, castor oil,
choice white grease, coconut oil, coffee bean oil, com oil, cottonseed oil. fish oils, hemp oil,
Jatropha oil, linseed oil, mustard oil, palm oil, palm kernel oil, poultry fat, sovbean oil,
sunflower oil, tall oil. tall oil fatty acid, Tung oil. used cooking oils, vellow grease, products
of the food industry, or combinations of any two or more thereof. In some embodiments, the
bio-dertved fatty acids, fatty acid esters. or a combination thereof comprise sovbean oil, comn
oil, cottonseed oil, canola oil. coconut oil, sunflower oil. palm oil. patm kernel oil, rapeseed

o1l, or a combination of any two or more thereof,

[8014] In an aspect, a method is provided involving producing an orifice in & substrate by at

Jeast mjecting a viscosity-altered paraffinic fluid into the substrate, wherein the paraffinic
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fluid includes a hydrodeoxygenated product and a hydroisomerized product; the
hydrodeoxygenated product is produced by hydrodeoxygenating a bio-derived feed; the
hydroisomerized product is produced by at least partially hydroisomerizing the
hydrodeoxygenated product; the bio-derived feed includes bio-derived fatty acids, fatty acid
esters, or a combination thereof; the hydrodeoxygenated product includes n-paraffins; the
hydroisomerized product includes isoparaffins; the paraffinic fluid contains less than about 1
wt% aromatics; and the n-paraffins have a kinematic viscosity of less than about 10 ¢St at 40
°C and have a biodegradability of at least about 40% after about 23 days of exposure to
microorganisms; the isoparaffing are at least about 80 wt% mono-methyl branched paraffins
where the mono-methyl branched paraffins comprise less than about 30 wt% terminal
branched tsoparaffins, have a kinematic viscosity of less than about 10 ¢St at 40 °C, and have
a biodegradability of at least about 40% after about 23 days of exposure to microorganisms.
In some embodiments, the substrate includes a soil substrate, a topsoil substrate, a subsoil
substrate, a clay substrate, a sand substrate, a rock substrate, or a stone substrate. In some
embodiments, the step of producing an orifice includes hydraulic fracturing of the substrate

with the paraffinic fluid.

[0015] In another embodiment, 2 method is provided involving protecting a substance by
applying a paraffinic fluid. In the method, the paraffinic fluid includes a hydrodeoxygenated
product; where the hydrodeoxygenated product is produced by hydrodeoxygenating a bio-
derived feed; the bio-derived feed comprises bio-derived fatty acids, fatty acid esters, or a
combination thereof; the hydrodeoxygenated product comprises n-paraffins; the paraffinic
fluid contains less than 1 wt% aromatics; and the n-paraffins have a kinematic viscosity of
less than about 10 ¢St at 40 °C and have a biodegradability of at least 40% after about 23
days of exposure to microorganisms. In some embodiments, the hydrodeoxygenated product
includes n-paraffins in the range of about 80 wt% to about 100 wt%; cycloparaffins in the
range of about I wt% to about 10 wt%,; less than about 1 wt% total aromatics. In some
embodiments, the paraffinic fluid further comprises a hydroisomerized product produced by
at least partially hydroisomerizing the hydrodeoxygenated product; where the
hydroisomerized product comprises isoparaffins where at least about 80 wt% of the
isoparaffins are mono-methyl branched paraffins; the mono-methyl branched paraffins

comprise less than about 30 wt% terminal branched isoparaffins; and the isoparaffins have a
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kinematic viscosity of less than about 10 ¢St at 40 °C and have a biodegradability of at least

about 40% after about 23 days of exposure to microorganisms.

[0016] In some embodiments, the substance is a food crop, a metal, or wood. In some
embodiments, protecting involves solvating the substance. In such embodiments, the
substance includes pesticides, herbicides, paints, inks, or coatings. In some embodiments,
protecting involves cleaning the substance with the paraffinic fluid In such embodiments, the
substance comprises fabric, metal, or plastic. In some embodiments, protecting involves

lubricating the substance where the substance 1s metal.

[0017] In an embodiment, a method is provided which involves producing an orifice in a
substrate by at least injecting a paraffinic fluid into the substrate, wherein the paraffinic fluid
comprises a hydrodeoxygenated product; the hydrodeoxygenated product is produced by
hydrodeoxygenating a bio-derived feed; the bio-derived feed comprising bio-derived fatty
acids, fatty acid esters, or a combination thereof; the hydrodeoxygenated product comprises
n-paraffins; the paraffinic fluid contains less than about 1 wt% aromatics; and the n-paraffins
have a kinematic viscosity of less than about 10 ¢St at 40 °C and have a biodegradability of at
least about 40% after about 23 days of exposure to microorganisms. In some embodiments,
the hydrodeoxygenated product includes n-paraffins in the range of about 80 wt% to about
100 wt%; cycloparaffins in the range of about 1 wt% to about 10 wt%; and less than about 1
wt% total aromatics. In some embodiments, the paraffinic fluid further includes a
hydroisomerized product produced by at least partially hydroisomerizing the
hydrodeoxygenated product; wherein the hydroisomerized product comprises isoparaffins
where at least about 80 wt% of the isoparaffins are mono-methyl branched paraffins; the
mono-methyl branched paraffins comprise less than about 30 wt% terminal branched
isoparaffing; and the isoparaffins have a kinematic viscosity of less than about 10 ¢St at 40 °C
and have a biodegradability of at least about 40% after about 23 days of exposure to

microorganisms.

[0018] In some embodiments, the substrate comprises a soil substrate, a topsoil substrate, a
subsoil substrate, a clay substrate, a sand substrate, a rock substrate, or a stone substrate. In
some embodiments, the bio-derived fatty acids, fatty acid esters, or a combination thereof

comprises algae oils, beef tallow, camelina oil, canola oil, rapeseed oil, castor oil, choice
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white grease, coconut oil, coffee bean oil, corn oil, cottonseed oil, fish oils, hemp oil,
Jatropha oil, linseed oil, mustard oil, palm oil, palm kemnel oil, poulfry fat. sovbean oil.
sunflower oil, tall o1l, 1all o1l fatty scrd. Tung oil, used cooking oils, vellow grease. produets
of the food industry, or combinations of any two or more thereof. In some embodiments, the
bio-dertved fatty acids. fatty acid esters, or a combination thereof comprise sovbean oil. corn
oil, cottonseed oil, canola oil, coconut o1l, sunflower oil, palm oil, palm kemnel oil, rapeseed
oil, or a combination of any two or more thereof. In some embodiments. the step of

producing an orifice comprises hvdraulic fracturing of the substrate with the paraffinic fluid.

BRIEF DESCRIPTION OF THE DRAWING

{00191  FIG. 1 depicts a process for conversion of a bio-derived feed 1o industrial fluids, the
process comprising hydrodeoxygenation, hydroisomerization, peroxide-initiated

oligomerization, and fractionation

DETAILED DESCRIPTION

{0028]  Various embodiments are described hereinafter. It should be noted that the specific
embodiments are not intended as an exhaustive description or as a imitation to the broader
aspects discussed herein. One aspect desenbed in conjunction with a particular embodiment
is not necessarily limited to that embodiment and can be practiced with any other

embodiment(s}.

06211 As used herein, “about™ will be understood by persons of ordinary skill in the art
and will vary to some extent depending upon the context in which it is used. If there are uses
of the term which are not clear to persons of ordinary skill in the art, given the context in

which 1t is used, “about” will mean up to plus or munus 10% of the particular term.,

{60221 The use of the terms 2" and “an”™ and “the” and similar referents in the context of
describing the elements (especially in the context of the following claims} are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values herein are merely intended to serve as

a shorthand method of referring individuallyv to each separate value falling within the range,
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untless otherwise indicated herein. and each separate value is incorporated into the
specitication as if it were individually recited herein. All methods described herein can be
performed in any suitable ovder unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (¢.g., “such
as”) provided herein, is intended merely to better illuminate the embodiments and does not
pose a limitation on the scope of the claims unless otherwise stated. No language in the
specification should be construed as indicating any non-claimed element as essential,

[0023] In general, “substituied” refers to an alky] or arvl group as defined below {e.g., an
alkv! group) 1 which one or more bonds to a hydrogen atom contained therein are replaced
by a bond to non-hydrogen or non-carbon atoms. Substituted groups also include groups in
which one or more bonds to a carbon(s) or hydrogen{(s) atom are replaced by one or more
bonds, inciuding double or triple bonds, to a heteroatom. Thus, a substituted group will be
substituted with one or more substituents, unless otherwise specified. In some embodiments,
a substituted group is substituted with 1, 2, 3. 4. 5, or 6 substituents. Examples of substituent
groups inctude: halogens {f.e.. F. Cl, Br, and I}; hydroxyls; alkoxy. alkviperoxy, alkenoxy.
alkvnoxy, arvloxy, arylperoxy. aratkyvloxy; carbonyls (oxo); carboxvis: esters: urethanes:
oximes; hvdroxviamines; alkoxvamines; aralkoxvamimes; thiols; sulfides: sulfoxides;
sulfones; sulfonvls: sulfonamides; amines; N-oxides: hydrazines; hydrazides; hvdrazones;
azides; amides; ureas; amidines; guanidines; enamines; imides; Isocyanates: isothiocyanates;

cyanates; thiocvanates; imines; nitro groups: nitrifes (1.e., CN); and the like.

[0624]  As used herein, “alky]” groups include straight chain and branched alkvi groups
having from 1 to about 20 carbon atoms, and typically from 1 {0 12 carbons or, in some
embodiments, from 1 to § carbon atoms. As employed herein, “alkyvi groups™ include
eyvcloalkyl groups as defined below. Alkyl groups may be substituted or unsubstituted.
Examples of straight chain alkyl groups include methyl, ethfﬂ. n-propyl, n-butvl, n-pentyl, n-
hexyl, n-heptvl, and n-octyl groups. Examples of branched alkyl groups include, but are not
Himited to, isopropyl, sec-butyl, t-butvl, neopentyl, and isopentyl groups. Representative
substituted alky] groups may be substituted one or more times with, for example. amino, thio,

hydroxy, cyano (i.e. CNj, alkoxy, and/or halo groups such as F, CL Br, and [ groups.



{0025]  Cycloalkyl groups are cyelic alkyl groups such as, but not limited to, cvelopropyl,
cyclobutyl, cyclopentyl, eyclohexyl. cycloheptyl, and cyclooctyl groups. In some
embodiments, the eveloalkvl group has 3 to 8 nng members, whereas in other embodiments
the number of ring carbon atoms range from 3 to 3. 6, or 7. Cycloalkyl groups may be
substituted or unsubstituted. Cycloalkyl groups further include polyeyelic cyeloalkyl groups
such as, but not limited fo, norbornyl, adamantyl, bornyl, camphenyl, isocamphenyl, and
carenyl groups, and fused rings such as. but not limited to, decalinyl, and the like. Cycloalkyl
groups also include rings that are substituted with straight or branched chain alkyl groups as
defined above. Representative substituted cycloalkyl groups may be mono-substituted or
substituted more than once, such as, but not Hmited to: 2.2-1 2.3+, 2.4-: 2.5 or 2.6-
disubstituted cyclohexyl groups or mono-, di-, or tri-substituted norbornyl or cycloheptyl
groups. which may be substituted with, for exampie, alkyl. alkoxy, amino, thio, hydroxy,

cvano, and/or halo groups.

fG826] As used herein, “aryl” groups are cyelic aromatic hydrocarbons that do not contain
hetercatoms. Ary! groups include monocyclic, bicyclic and polyevcelic ring systems. Thus,
aryl groups include, but are not limited to, phenyvl, azulenvl. heptalenvl, biphenvienvl,
indacenyl, fluorenyl, phenanthrenvl. triphenvienyl, pyrenvl, naphthacenvl. chrvsenyl,
biphenvl, anthracenvl, indenyl. indanvl, pentalenvi, and naphthy! groups. In some
embodiments, aryl groups contain 6-14 carbons. and in others from 6 to 12 or even 6-10
carbon atoms in the ring portions of the groups. The phrase “arv] groups™ includes groups
containing fused rings, such as fused aromatic-aliphatic ring systems {e.g., indanyi,

tetrahvdronaphthyl, and the bkej. Arvl groups may be substituted or unsubstituted.

[0027} The term “microorganisms” as used herein refers to microbes capable of degrading

hvdrocarbons.

[0028] The term “paraffins™ as used herein means branched or unbranched hvdrocarbon

alkanes. An unbranched paraffin is an n-paraffin; a branched paraffin is an isoparaffin.

(00291  The term “paraffinic” as used herein means both paraffing as defined above as well
as predominantly hydrocarbon chains possessing regions that are alkane, either branched or

unbranched, with mono- or di-unsaturation (i.e. one or two double bonds), halogenation from
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about 30 wt% to about 70 wt%. or where the hydrocarbon is both unsaturated and
halogenated. However, the term does not desceribe a halogen on a carbon involved in a

double bond.

{00307 The phrase “Co+ chain branching” as used herein means alky! branches wherein the

alkyl group has two or more carbons: e.g. ethyl or 1sopropy! branches.

(00311  “Protecting™ as used herein includes, but is not imited to, solvating, coating,

cleaning, lubricating, or preserving a substance, surface, or composition.

[0032] =Orifice™ as used herein encompasses holes, channels. fractures, and figsure: in other
words, the term encompasses spaces of any three-dimensional length, width, and diameter

that are not filled with solid material.

j0033]  The present technology provides bio-based svnthetic fluids as well as methods for
making the fluids and methods that utilize the advantageous properties of the bio-based

synthetic fluids, as discussed herein.

{00341 1o an aspect. a method 1s provided involving altering the viscosity of bio-derived
paratlins to produce a paraffinic fluid. where the altering step includes oligomerizing bio-
derived paraffins, unsaturating bio-derived paraffins, chlorinating bio-derived paraffins, or a
combination of any twe or more thereof, the bio-derived paraffing are produced by
hydrodeoxygenating a bio-based feed; the bio-based feed comprises bio-derived fatty acids,
fatty acid esters, or a combination thereof, the bio-derived paraffing comprise n-paraffins; and
the n-paraffins have a biodegradability of at least about 40% after about 23 days of exposure
fo microorganisms. The biodegradability may be about 42%, about 44%, about 46%, about
48%,. about 50%. about 52%. about 34%, shout 56%, about 58%. about 60%, about 62%,
about 64%,. about 6%, about 68%, about 7%, about 72%., about 74%. about 76%. about
78%. about 80%., and ranges between any two of these values or greater than any one of these
values. In some embodiments, the paraffinic fluid contains below about 1wt %4 total
aromatics. The paratinic fluid may contain aromatics in the amount of about 0.9 wt%, about

(1.8 wt%, about 0.7 wt%, about 0.0 wi%. about 0.5 wt%, about 0.4 wt%. about 0.3 wt%. ahout

0.2 wit%, about 0.1 wt%, and ranges between any two of these values or below any one of
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these values. In some embodiments, the paraffinic fluid contam less than 0.1 wt % total

aromatics. In some embodiments, the paraffinic fluid is free of benzene.

HI635]  in some embodiments, the paratfinic fluid has a kinematic viscosity less than about
16 ¢St at 40 °C. In such embodiments, the paraffinic fluid may have a kinematic viscosity at
40 °C of about 9 ¢St, about 8 ¢3¢, about 7 ¢St, about 6 ¢St, about 5 ¢St about 4 ¢St about 3
¢St about 2 ¢St, about 1 ¢St, and ranges in between any two of these values or below any one
of these values. In some embodiments, the paraffinic fluid has a kinematic viscosity greater
than about 10 ¢St at 40 °C. In such embodiments, the paraffinic fluid may have a kinematic
viscosity at 40 °C of about 12 ¢St, about 14 ¢St, about 16 ¢St, about 18 ¢8t, ahout 20 ¢St
about 22 ¢5t, about 24 ¢St, about 26 ¢St, about 28 ¢St, about 30 ¢St, and ranges in between
any two of these values or greater than any one of these values. In some embodiments, the

paraffinic fluid has a kinematic viscosity greater than about 20 ¢St at 40 °C.

[0036]  Bio-based Feed: Bio-derived fatty acids. fatty acid esters, or combinations thereaf.
are utilized as the bio-based feed for making the fluids described throughout this application.
The bio-dertved fatty acids, fatty acid esters, or combinations thereof include algae oils, beef
tallow, cameling o1l, canola/rapeseed oil, castor oil, choice white grease, coconut oil, coffee
bean o1l, corn oil, fish oils, hemp o0il, Jatropha oil, linseed oil, mustard oil, palm oil, poultry
fat, soybean o1l. sunflower oil, tall oil, tall 0il fatty acid, Tung oil, used cooking oils. yeliow
grease, products of the food industry, or combinations of any two or more thereof. In some
embodiments, the bio-dertved fatty acids. fatty acid esters, or combinations thereof inchude
soybean oil. corn oil, cottonseed oil, canola oil, coconut oil, sunflower oil, palm oil, palm

kernel oil, rapeseed oil, or a combination of any two or more thereof.

{6837]  In their natural form, most of these fats and oils contain phosphorus as well as
metals such as calciom, magnesium, sodium, potassium, iron, and copper. Additionally, most
also contain mitrogen compounds such as chlorophyll or amine acids, When the Jevel of
phosphorus is greater than about 40 wppm, and total metals greater than about 30 wppm, the
fats and oils may be subjected to treatment steps including, but not Hmited to, acid
degumming, neutralization, bleaching. or a combination of any two or more thereof, Acid
degumming involves contacting the fat/oil with concentrated aqueous acids. Exemplary

cids are phosphoric, citric, and maleic acids. This pretreatment step removes metals such as
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caleturn and magnesium in addition to phosphorus. Neutralization is typically performed by
adding a caustic {referring to any base, such as agueous NaOH) to the acid-degummed fat/oil.
The process equipment used for acid degumming and neutralization mcludes high shear

mixers and disk stack centrifuges,

10638]  Bleaching typically involves contacting the degummed fat/oil with adsorbent clay
and filtening the spent clay through a pressure leaf filter. Use of synthetic silica instead of
clay 1s reported to provide improved adsorption. The bleaching step removes chiorophyvll and
much of the residual metals and phosphorus. Any soaps that may have been formed during
the caustic nentralization step (i.e. by reaction with free fatty acids) are also removed during
the bleaching step. The aforementioned treatment processes are known in the art and
described in the patent literature, including but not limited to U.S. Patents 4,049 686,

4698 185, 4,734,226, and 5,239.096. It shouid be recognized by those skilled in the art that
other fat/oil treatment methods, including those involving alternate physical, thermal, and

chemical processes, may be adapted to pretreatment of a bio-based feed.

[0039]  Hydrodeoxygenarion: The bio-based feed is subjected to hvdrodeoxvgenation
{HIDO} in a catalvtic reactor wherein the fatty acids and/or fatty acid esters are converted to
straight-chain paratfins. In hydrodeoxygenation, the oxvgen atoms of the fatty acid/ester are
removed through hydrogenolysis to form water, while the unsaturated carbon-carbon double
bonds of the fatty acid chains are simultaneocusly hydrogenated. HDO may be accompanied
by decarbonylation and decarboxylation reactions (wherein the oxygen atom is removed as
CO and COs respectively). The HDO reaction takes place at temperatures from about 200 °C
to about 400 °C, and hydrogen partial pressure between about 20 bar to about 160 bar, The
HDO reaction may oceur at a temperature of about 220 °C, 240 °C, 268 *C. 280 °C. 300 °C.
320 °C, 340 °C. 360 °C, 380 °C, and ranges between any two of these values or above any
one of these values. In some embodiments, temperature range is from about 260 °C to about
370 “C. The HDO reaction may occur at a hvdrogen partial pressure of about 30 bar., 40 bar,
50 bar, 60 bar, 70 bar. 80 bar, 90 bar, 100 bar, 110 bar, 120 bar. 130 bar, 140 bar, 150 bar.
and ranges between any two of these values or above anv one of these values. 1o some
embodiments, the pressure range is from about 30 bar to about 130 bar. Suitable catalysts for

the HDO process include sulfided forms of hydrogenation metals from Group VIB and Group



VI of the periodic table. Examples of suitable mono-metallic. bi-metallic. and tri-metallic
catalysts include Mo, Ni, Co, W, CoMe, NiMo. NiW, NiCoMo. These catalysts may be
supported on alumina, or alunnina modified with oxides of silicon and/or phosphorus. These
catalysts may be purchased in the reduced sulfide form. or more commonly purchased as
metal oxides and sulfided during startup. To ensure these catalysts remain in the reduced
sulfide form required for desired activity/selectivity balance, use of a “sulfur spike”
compound such as dimethyl disulfide may be utilized. Fixed-bed and/or shurry reactor
systems and operating conditions may be used. In some embodiments, continuous reactor
systems are used. In some embodiments. continuous fixed-bed reactors are used. In
continuous fixed-bed reactor systems, the liguid hourly space velocity (LHSV) is between
about 0.2 h™' and about 10 b, and the hydrogen gas-to-o1l ratio (GOR at standard conditions)
is between about 200 NL/L and about 1600 NL/L. The LHSV may be about 0.3 h™'. about
0.4 1" about 0.5 h7'. about 0.6 k', about 0.7 h'i? about 0.8 b, about 0.9 h'. about 1.0 h"f,
about 1.2 b, about 1.4 b, about 1.6 h™', about 1.8 h™'. about 2.0 b about 2.2 b, about 2.4
b, about 2.6 h'i, about 2.8 b, about 3.0k, about 3.0 1™ about 3.2 1. about 3.4 b, about
3.6 b about 3.8, about 4.0 k™', about 4.2 b, about 4.4 h™', about 4.6 b’ about 4.8 bt
about 5.0 h“ig about 5.2 1, shout 5.4 1™’ about 5.6 k. about 5.8 h''. about 6.0 b, about 6.2
b, about 6.4 h™', about 6.6 ™', about 6.8 B, about 7.0 h™ about 7.2 17, about 7.4 h', about
7.6 h7', about 7.8 b’ about 8.0 k', about 8.2 h', about £.4 17", about 8.6 h', about 8.8 h',
about 9.0 h™', about 9.2 b™', about 9.4 h™', about 9.6 b about 9.8 k', and ranges between any
two of these values or above any one of these values. In some embodiments with continuous
fixed-bed reactor systems, the LHSV is from about 0.5 h™ to about 5.0 k™. The GOR may be
about 250 NL/L, 300 NL/L, 350 NL/L., 400 NL/L, 4530 NL/L. 500 NL/L. 350 NL/L, 600
NL/L, 650 NL/L, 760 NL/L, 750 NL/L, 800 NL/L. 850 NL/L. 900 NL/L, 950 NL/L. 1000
NL/L, 1050 NL/L, F100 NL/L, F150 NL/L, 1200 NL/L, 1250 NL/L, 1300 NL/L. 1350 NL/L,
1400 NL/L, 1450 NL/L, 1506 NL/L, 15350 N1/L, and ranges between any two of these values
or above any one of these values. In some embodiments with continuous fixed-bed reactor

systems, GOR is from about 400 NL/L to about 1400 NL/L,

{6040} The reactor effiuent 1s directed 1o a high pressure separator for separating the gas
stream containing enreacted hydrogen and gas phase byproducts such as water, CO, CO-.

H>S. NH;. and propane from the liquid HDO products. The gas is then cooled and directed 1o



a three-phase cold separator drum. There a water stream with dissolved carbonate, bisulfide,
and ammonium salts, a hydrocarbon stream containing light hydrocarbons, and a hydrogen
rich gas stream are separated. The hydrogen rich gas is optionally scrubbed to remove the
gas phase byproducts and recycied to the reactor. The liquid HDO product from the high
pressure separator may also be partially recveled to the reactor to dilute the reactive bio-based

feed to the exothermic HDO reactor.

{6041} Those skilled in the art recognize that variations to these operating conditions may
be made based on purity of available hydrogen gas and to ensure proper three-phase (H;
gas/hiquid feed/solid catalyst) contacting regime within the reactor. The liquid paraffin
product cornposition obtained from subiecting most fatty acid/ester bio-based feeds to HDO
is & hydrocarbon compasition rich in n-paraffins in the Cyy to Con range. The HDO product
coniains between about 80 wt % and 100 wt % n-paraffins, between about (¢ wt % and about
20 wt % 1soparaffins, between about ¢ wi % and about 10 wt % cycloparaffing {also called
naphthenes or naphthenics), between about 0 wt % and about 10% wt % olefins. and below
about I wt % total aromatics. I 15 important to note that the method does not involve more
severe aromatic hvdrogenation conditions. The HIXYO product may contain n-paraffins in the
amount of about 82 wt%, about 84 wi%, about 86 wi%. about 88 wi%, about 90 wt%, about
92 wi%, about 94 wt%, about 96 wt%, about 98 wi%, and ranges between any two of these
values or above any one of these values. The n-paraffing have a blodegradabilivy of at least
about 40% after about 23 days of exposure to microorganisms, The biodegradability may be
about 42%. about 44%. about 46%. about 48%, about 50%, about 52%, about 34%,. abous
56%. about 58%, about 60%, about 62%. about 64%, about 66%, about 68%., about 70%.
about 72%. about 74%, about 76%, about 78%, about 80%. and ranges between any two of
these values or greater than any one of these values. The n-paraffing have a kinematic
viscosity of less than about 10 ¢St at 40 °C. The n-paraffins may have a kinematic viscosity
at 40 °C of about 9 ¢8t, about 8 ¢St about 7 ¢5t, about 6 ¢St, about 5 ¢St about 4 ¢8t. about 3
cSt, about 2 ¢St, about | ¢St, and ranges in between any two of these values or below anv one

of these values.

[0G42] The HDO product may contain cveloparaffins in the amount of about | wi%. about

2 wt%. about 3 wt%, about 4 wt%, about 5 wt%, about 6 wt%, about 7 wt%, about 8§ wit%,
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about ¢ wt%, and ranges between any two of these values or below any one of these values.
The HDO product may contain aromatics in the amount of about 0.9 wt%, about 0.8 wi%,
about 1.7 wi%, about 0.6 wi%, about (.5 wt%, about (1.4 wi%, abouf .3 wi%, about 0.2 wi%,
about 0.1 wt%, and ranges between any two of these values or below any one of these values.
in some embodiments, the HDO product contains less than 0.1 wi % total aromatics. In some
embodiments, the HDO produet is free of benzene. The HDO product has a kinematic
viscosity of less than about 10 ¢St at 40 °C. The HDO product may have a kinematic
viscosity at 40 °C of about 9 ¢S¢, about § ¢St, about 7 ¢St, about 6 ¢St, about 5 ¢St, about 4
cSt, about 3 cSt, about 2 ¢8¢t, about 1 ¢St, and ranges in between any two of these values or

below any one of these values.

[0043]  The HDO product may be distilied to vield a synthetic renewable drilling base fluid
in the C-Cys range. This fluid has a flash point greater than about 100 °C, a kinematic
viscosity in the range of about 3 ¢St to about 4 ¢St at 40 °C, a pour point of about 16 °C to
about 20 °C, high thermal and oxidative stability due to paraffinic structure {i.e. having a
total insoluble content of 0.2 mg/100 mL. or less according to the ASTM D2274 accelerated
oxidative aging method when 20 wppm or more anti-oxidant is added to the flud), low
aquatic toxicity and ecotoxicity (i.e. having an LCs value of 3.5 mp/L or higher where LCs
15 the concentration at which half 2 population of the organism dies of ingesting the fluid, and
is typically the average of 24 hour. 48 hour, and 72 hour exposure tests on Daphia magna,
Pimephales promelas, or Rainbow Trout). and a biodegradability greater than about 40%
according to ASTM D3864-05, incorporated herein by reference. ASTM D5864-05
measures how much of a matenial breaks down into CO, by microorganisms over a period of
23 days. In contrast to the paraffins of this application, typical petroleum-based mineral oils
have biodegradability in the 15-35% range, while synthetic oils like poly alpha-olefins
(PAOs) have biodegradability in the 5-30% range. Organic compounds with low
biodegradability {1.e. less than about 40% biodegradability) are said to bicaccumulate.

Bicaccumulation tends to magnify the toxic effect of chemicals on the environment.

10044} Hydroisomerizarion of Bio-Based Paraffins: The HDO paraffins may be subjected
to hydroisomerization 1o provide a hydroisomerized product. The hvdroisomerized product

includes methyl-branched paraffing in the C;¢-C\g range with low pour point, high



thermal/oxidative stability, and low ecotoxicity. Hydroisomerization is conducted over a
bifunctional catalyst at temperatures in the range of about 200 °C to about 500 °C., The
hydroisomerization may be conducted at a temperature of about 220 “C, about 740 °C. about
260 °C, about 280 °C, about 300 °C, about 320 °C. about 340 °C. about 360 °C, about 380
°C, about 400 °C, about 420 °C, about 440 °C, about 460 °C, about 480 °C, and ranges
between any two of these values or above any one of these values, Bifunctional catalysts are
those having a hydrogenation-dehydrogenation activity from a Group VIB and/or Group VIII
metal, and acxdic activity from an amorphous or crystatline support such as amorphous silica-
alumima (ASA), silicon-aluminum-phosphate (SAPO) molecular sieve, or aluminurm silicate
zeolite (ZSM). In some embodiments, the hydroisomerization catalysts include Pt/Pd-on-

ASA. and Pt-on-SAPO-11.

[6645] In some embodiments, hydroisomerization is conducted in continuous fixed-bed
reactors. In such embodiments. the hydrogen partial pressure for hvdroisomerization is in the
range between about 30 bar and about 160 bar, GORs are in the range of about 100 NL/L to
about 1,000 NL/L, and LHSV in the range from about 0.2 bt to about 5 hr''. In some
embodiments, the hydrogen partial pressure for hvdreisomerization 15 about 40 bar, about 50
bar, about 60 bar, about 70 bar, about 80 bar, about 90 bar, about 100 bar, about 116 bar,
about 120 bar, about 130 bar, about 140 bar, about 150 bar, and ranges between any two of
these values or above any one of these values. In some embodiments, the GOR may be about
150 NL/L, about 200 NL/L, about 230 NL/L, 300 NL/L, 350 NL/L, 400 NL/L. 450 NL/L,
500 NL/L., 550 NL/L, 600 NL/L, 650 NL/L, 700 NL/L, 750 NL/L. 860 NL/L, 850 NL/L. 900
NL/L., 950 NL/L, and ranges between any two of these values or above any one of these
values. The LHSV may be about ¢.3 h™°, about 0.4 b, about 0.5 1", about 0.6 b, about 0.7
h. about 0.8 &', about 0.9 1™, about 1.0 1™, abour 1.2 ™" about 1 4 b, about 1.6 h™". about
1.0, about 2.0 1", about 2.2 h', about 24 17, about 2.6 b, about 2.8 ™', about 3.0 h."r,,
about 3.0 b aboui 3.2 07", about 3.4 h”’,, about 3.6 b7, about 3.8 h''. sbout 4.0 h™'. about 4.2
h™', about 4.4 "', about 4.6 h™', about 4.8 h”', and ranges between any two of these values or

above any one of these values.

[0846] In an embodiment, the HDO product is hvdroisomerized according to the conditions

described herein using PUSAPO-11 catalyst. The hydroisomerizate is preferably stripped of
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light hydrocarbons in order to raise the flash point above 60 °C. The flash point may be
above 70 °C, above 80 °C. above 90 °C, or above 100 °C. The hydrotsomerized product has &
ratio of isoparaffins-to-normal paraffing in the range of about 111 to about 30:1. The ratic of
isoparaftins-to-normal paraffing may be about 2:1, about 3:1, about 4:1, zbout 51, about 61,
about 7:1, about 8:1, about 9:1, about 10:1, about 11:1, about 12:1, abour 13:1. about 14:1,
about 15:1, about 16:1, about 17:1, about 18:1, about 19:1, about 20:1. about 21:1, about
22:1, about 23:1, about 24:1, abour 25:1, about 26:1, about 27:1. about 28:1. about 29:1, and
ranges between any two of these values or above any one of these values. In some
embodiments, the ratio of isoparaffins-to-normal paraffins is between about 5:1 and about
20:1. In the hydroisomerized product at least 80 wt % of the isoparaffins are mono-methyl
branched paraffins. The mono-methy! branched paraffins may be about 81 wt%. about 82
wt%a, about 83 wt%, about 84 wt9s, about 83 wt¥%, about 86 wt%%, aboui 87 wi%. about &8
wt%, about 89 wt%, about 90 wt %, about 91 wt%, about 92 wt%. about 93 wi%, about 94
wi%, about 95 wi%, about 96 wt%. about 97 wt%, about 98 wi%. about 99 wi%, and ranges
between any two of these values or above any one of these values. Examples of the mono-
methyl branched paraffins in the hydroisomerized HDO produet inctude 4-methvl
heptadecane, 3-methyl hexadecane, and 2-methyl pentadecane.  Of the mono-methy!
branched isoparaffing, less than 30 wt% are terminal branched (l.e. 2-methv] branched}. In
some embodiments, less than 20 wt% of the mono-methyl branched isoparaffins are terminal
branched. In some embodiments, less than 15 wt% of the mono-methvl branched
isoparaffins are terminal branched. In some embodiments, less than 10 wt% of the mono-
methyl branched isoparaffins are terminal branched. In some embodiments, less than 5 wt%
of the mono-methy] branched isoparaffins are terminal branched. 1t is important to note that

the method does not involve more severe aromatic hydrogenation conditions.

[6047] The isoparatfins have a biodegradability of at least about 40% after about 23 days of
exposure to microorganisms. The biodegradability may be about 42%. about 44%. about
46%. about 48%, about 50%, about 52%. about 54%, about 56%. about 58%, about 60%,
about 62%. about 64%, about 66%, about 6H8%. about 70%, about 72%. about 74%. about
76%, about 78%, about 80%, and ranges between any two of these values or greater than any
one of these values. The isoparaffins have a kinematic viscosity of less than about 10 ¢St at

40 °C. The isoparaffins may have a kinematic viscosity at 40 °C of about 9 ¢St. about & ¢St
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about 7 ¢Sy, about 6 ¢St about 3 ¢St about 4 ¢8t, about 3 ¢St, about 2 ¢51, about | ¢S¢t, and

ranges in between any two of these values or below any one of these values,

(60481  The hydroisomerized product may contain aromatics in the amount of about 0.9
witty, about 0.8 wi%, about .7 wi¥%, about 0.6 wit%. about 0.5 wt%, about 0.4 wt, about 0.3
wi%, about 0.2 wt%, about 0.1 wt%, and ranges between any two of these values or below
any one of these values. In some embodiments, the hyvdroisomerized product contains less
than 0.1 wt % total aromatics. In some embodiments, the hvdroisomerized product is free of
benzene. The hvdroisomerized product has a kinematic viscosity of less than about 10 ¢St at
40 °C. The hvdroisomerized product has a kinematic viscosity of less than about 10 ¢St at 40
°C. The hydroisomerized product may have a kinematic viscosity at 40 °C of ahout 9 ¢St,
about 8 ¢St, about 7 ¢St, about & ¢St, abour 5 ¢5t, about 4 ¢St, about 3 ¢St, ahout 2 ¢St. about

I ¢St and ranges in between any two of these values or below any one of these values.

[6049]  Due the presence of mostly internal mono-methyl branched paraffing, the
hvdroisomerized HDO product of this technology has an excellent balance of properties for
ase as drilling and/or hydraulic fracturing fluids. The pour point of the hydrotsomerized fluid
of this embodiment is at most -10 °C. The pour point may be at most about -15 °C. at least
about -20 °C, at most about -23 °C at most about -30 °C, at most about -35 °C, at most about
-40 *C, or at most about 45 “C. The thermo-oxidative stability of the fluid may be measured
by amount of insolubles formed upon heating and reported as mg/100 mL according 10
ASTM D2274. For example, the stability thus measured can be as high as 20 mg/100 mL for
fluids with inferior oxidative stability properties, such as fatty acid esters, The lower the
concentration of insolubles formed, the higher the thermo-oxidatve stability of the fluid. The
ASTM D2274 oxidative stability of the fluid produced by hydroisomerization of the HDO
product as described herein is between about ¢ mg/100 mL and about 2 mg/100 mL upon
addition of up to 20 wppm anti-oxidant. Preferred anti-oxidants for the bio-based
hvdrocarbon fluids of this technology are hindered phenols. such as butyrated hydroxy
toluene (BHT). Other examples of suitable anti-oxidants for the bio-based synthetic
hydrocarbon fluids of this invention include 2 4-dimethyi-6-r-butylphenol, 2.6-di--butyl-4-
methylphenol, 2- and 3-t-butyl-4-hvdroxyanisol (BHA), 2.6-distyrenated p-cresol, 2,6-di-i-

butviphenol, 2,6-di-r-butvi-4-sec-butyiphenol, 2.6-di-i-butvl-d-nonvivhenol, 2.4-bis-{n-
vip 3 I k Vi
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octylthio6-(4-hvdroxy-3",5"-di-t-butylaniiine)-1,3.5-triazine, 2.4-bis-{octvithiomethyl}-6-
methyiphenol, 2,6-di-i-butyl-4-ethyiphenol, 2 4-dimethvi-6-r-butylphenol, the butylated
reaction product of p-cresol and dievicopentadiene, the mixed methvienic bridged adducts of
aikylated phenol and dodecane thiol, tetrakis methylene (3.5-di-r-butyl-4-
hydroxyhydrocinnamate) methane, 1,3,5-trimethvi-2.4.6-tris (3,5-di-r-butyl-4-
hydroxybenzyl) benzene, tris (3.5-di~-butyl-4-hydrox vbenzyl} isocyanurate, and mixtures of

any two or more thereof of the recited anti-oxidants.

(0050}  Chlorinating Bio-Based Paraffins: Paraffin chlorination according to the present
technology is one way of increasing the viscosity of a paraffinic fluid while reducing
crystallinity and hence lowering the paraffin pour point. For example, the HDO product does
not have the required viscosity and pour point for use, by itself, in such industrial processing

fluid appiications as metal-working.

[0651]  The HDO product and/or the hydroisomerized product may be chiorinated in a batch
reactor by sparging pure chlorine gas into the liquid at a temperature in the range between
about 60 °C and about 150 °C. The temperature of the chiorination reaction may be about 65
°C. about 7¢ °C, about 80 °C, about 85 °C, about 90 °C, about 95 °C. about 100 °C, about
105 7C, about 110 °C, about 115 °C, about 120 °C, about 125 °C. about 130 °C, about 140
°C. about 145 °C, and ranges in between any two of these values or greater than any one of
these values. In some embodiments, the temperature is in the range between about 80 °C and
about 120 °C. Chlorination is an exothermic reaction and cooling is necessary. Generally
catalysts are not necessary at these temperatures, but in some embodiments UV light is used
to accelerate the reaction. Once the desired degree of chlorination, typically between about
30 wi% and about 70 wt%, and viscosity has been achieved, the chlorine supply is
discontinued and the reactor purged with air or nitrogen to remove excess chlorine and

hydrochioric acid gas. Hydrochioric acid 15 a co-product of the paraffin chiorination process.

16052} The chlorinated paraffins, 1.e. the chlorinated product, can be used as an industrial
process fluid for metal-working jubricants. as plasticizers, flame-retardants, and fat Hauors
for leather. Plasticizers are generally used to make rigid polymers like PVC soft and rubbery.
Addition of chlorinated paraffins also imparts flame-retardancy to the polymer compound.

Fat iquors are fluids that are used to improve the life and appearance of articles made of
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leather, such as jackets, handbags, and shoes. In some embodiments, the chlorinated product
is used as a protecting agent. a cleaning agent, or a combination of both. In some

embodiments, the chlorinated product acts as a flame retardant. In some embodiments, the

chiorinated product is used to clean fabric, metal, or ptastic.

[0653] The chlormated product has a kinematic viscosity of greater than about 10 ¢St at 40
°C. The chionnated product may have a kinematic viscosity at 40 °C of about 12 ¢St, about
14 ¢5t, about 16 ¢St, about 18 ¢St, about 20 ¢5t, sbout 22 ¢St, about 24 ¢S¢, about 26 ¢S,
about 28 ¢St, about 30 ¢St, and ranges in berween any two of these values or greater than any
one of these values. In some embodiments, the oligomerized product has a kinematic
vigcosity greater than about 20 ¢St at 40 °C. The chlorinated product 1s between about 30
wt% and about 70 wt% chiorine m the form of chlorine covalently bound to carbon. The
amount of covalently bonded chlorine i the chlorinated product mav be about 35 wt%. about
40 wt%, about 45 wt%, about 30 wt%, about 535 wt%. about 60 wt%, about 635 wt%, and
ranges between any two of these values or greater than any one of these values. The
chlorinated product has less than about | wt% aromatics. The chlorinated product may
contain aromatics in the amount of about (1.9 wt%, about 0.8 wi%, about 0.7 wt%, about (.6
wi%s, sbout 0.5 wi%, aboui (0.4 wi%, about 0.3 wi%, about .2 wit¥%, about 0.1 wi%, and
ranges between any two of these values or below any one of these values. In some
embodiments, the chlorinated product contains less than 0.1 wt % total aromatics. In some
embodiments, the chlorinated product is free of benzene. In some embodiments, the
chiorinated product is used as a protecting agent. a cleaning agent. or a combination of both.
in some embodiments, the chiorinated product acts as a flame retardant. In some

embodiments, the chlorinated product is used to clean fabric, metal, or plastic.

100541  Dehvdrochiorination of Bio-Derived Paraffing: The chlonnated products may
optionally be subjected to dehvdrochlorination, wherein the chiorine 1s removed as
hiydrochloric acid. As an example, in embodiments where the chlorinated product is
exclusivelv made from the HDO product, dehvdrochlorination vields a hinear olefin
composition having a carbon number range similar to the HDO paraffin. The
dehydrochlorination reaction takes place over silica or bauxite at temperatures in the 360 °C -

700 °C range. The reaction may take place at a temperature of about 380 °C, shout 400 °C,



about 420 °C, about 440 °C, about 460 “C. about 480 “C, about 500 °C, about 550 °C. about
600 “C, about 650 °C, and ranges in between any two of these values or above any one of
these values. In some embodiments, the reaction takes place at temperature in the range from
about 400 °C to about 600 °C. Dehydrochlorination may proceed in the range from about
68% conversion to about 1030% conversion. Dehydrochlorination can proceed to about 70%
conversion. about 75% conversion, about 80% conversion, about §83% conversion. about 90%
conversion, about 95 % conversion. about 98% conversion. about 99% conversion, and
ranges in between any two of these values or above any one of these values. As such, the
dehydrochlonnation reactor product from dehydrochlorination of the HDO product 1s a
C1s/Cyy Iinear hydrocarbon composition comprising up to 100% internal olefins,
characterized by higher biodegradability than saturated hydrocarbons. This olefinic
composition has a lower pour point and higher lubricity than the equivalent paraffin
composition, making it particularly well-suited for drilling and hydraulic fracturing fluid

formulations.

[0055]  The olefinic composition has a biodegradability of at least about 40% after abount 23
days of exposure to microorganisms. The biodegradability may be about 42%, about 44%,
about 46%, about 48%, about 50%, about 52%, about 54%, ahout 56%, ahout 58%, about
60%, about 62%, about 64%, about 66%, about 68%, about 70%. about 72%, about 74%.
about 76%, about 78%, about 80%, and ranges between any two of these values or greater
than any one of these values. The olefinic composition has a kinematic viscesitv of less than
gbout 10 ¢St at 40 °C. The olefinic composition may have a kinematic viscosity at 40 °C of
about 9 ¢St about 8 ¢St, about 7 ¢St about 6 ¢St, about 5 ¢St, about 4 ¢S¢, about 3 ¢St, about
2 ¢St about 1 ¢St, and ranges in between any two of these values or below any one of these
values. The olefimc composition may contain aromatics in the amount of about 0.9 wit%.
about (.8 wi%, about 0.7 wt%, about 0.6 wt¥%, about .5 wt¥%, about 0.4 wi%. about 0.3 wt%.
about 0.2 wt%, about 0.1 wt%, and ranges between any two of these values or below any one
of these vaives. In some embodiments, the olefinic composition contains less than 0.1 wt %
otal aromatics. In some embodiments, the olefinic composition is free of benzene. In some
embodiments, the olefinic composition is used as a hydraulic fracturing fluid, as a drilling

fiuid. or a combination of the two.
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(0056}  Dehyvdrogenation of Bio-Derived Paraffing: The paraffinic fluid, for example the
HDO product and/or the hvdroisomerization product, may be subjected to dehydrogenation to
produce a olefinic fluid with an improved balance of biodegradability, lubricity, thermo-
oxidative stability, ecotoxicity, and pour point, for drilling base fluids. The reaction takes
place at a temperature in the range from about 360 °C to about 660 °C. The reaction may
take place at about 380 “C, about 400 °C, about 420 °C, about 440 °C, about 460 °C. about
480 °C, about 560°C, about 520 °C. about 340 °C, about 560 °C, about 580 °C, about 600 °C.
about 620 °C, about 640°C, and ranges between any two of these values or above any one of
these values. In some embodiments, the reaction 1akes place in a temperature in the range
from about 440 °C 1o about 5386 °C. The reaction is endothermic and is favored at low
pressures. Typical operating pressures are in the range from about | bar to about 20 bar. The
operating pressure may be about 2 bar, about 3 bar, about 4 bar, about 5 bar, about 6 bar,
about 7 bar, about § bar, about 9 bar, about 10 bar, about 11 bar. about 12 bar. sbout 13 bar,
about 14 bar, about 15 bar, about 16 bar, about 17 bar, about 18 bar, about 19 bar, and ranges
between any two of these values or above any one of these values. In some embodiments, the
operating pressure 18 from about 2 bar to about 12 bar. At these conditions, the hydrocarbons
arc in vapor phase. Generally base metals and noble metal catalvsis from Groups VIB and
V111 that have hydrogenation-dehvdrogenation activity provide & low activation energy
mechanism for paraffin dehydrogenation. Such metals include Pt. Pd, Rh, Ry, Fr, Os, and Re.
The reaction is carried out in gas phase at high temperatures and low pressures. Preferred
catalvst systems for paraffin dehvdrogenation include alkali and alkaline earth metal

promoters as well. A preferred catalyst for the system is platinum/lithium on alumina.

[0057]  In an embodment, the HDO paraffins are pressurized to about 10 bar and preheated
to about 580 °C before entering a dehydrogenation reactor. It is important to note that the
conditions provided in this embodiment are applicable to the dehydrogenation of the
hydroisomerized product described earlier. The reactor is packed with Pt/Li-on-alumina
catalyst. The reactor geometry is selected to provide low pressure drop while ensuring
sufficient contact time to achieve desired conversion, and preferably approach the
thermodynamic equilibrium conversion for the endothermic reactions. Preferred contact
timres are expressed by liguid hourly space velocities (LHSVY} in the range of about 1 h™' to

about 160 1" The LHSV may be about 1.2 07, about 1.4 1", about 1.6 h™', about 1.8 1",



about 2.0 b, about 2.2 b, about 2.4 kT, about 2.6 h, about 2.8 h"i, about 3.0 17, about 3.0
b, about 3.2 0", abour 3.4 ', about 3.6 1™, about 3.8 k', about 4.0 b7, about 4.2 1™, about
441" about 4.6 K7, about 4.8 b, about 3.0 b, about 5.2 b, ahout 5.4 b about 5.6 b,
about 5.8 h™', about 6.0 b, about 6.2 h”', about 6.4 1", about 6.6 h'', about 6.8 i, about 7.0
', about 7.2 17, about 7.4 1, about 7.6 b, about 7.8 b, about 8.0 b, about 8.2 b, about
R4 b about 8.6 h"}_. about 8.8 h™', about 9.0 h"lv about 9.2 k™', about 9.4 h', about 0.6 b,
about 9.8 h'', and ranges between any two of these values or above any one of these values.

It should be noted that although space velocities are expressed in terms of liquid feed, in
some embodiments of the dehydrogenation conditions the reactor feed and products are in the
vapor phase. In some embodiments, a plurality of reactors is confipured in series, with
provisions for heating each reactor feed. In some embodiments, between about 5 wi% and
about 40 wt% of the HDO n-paraffins are converted to linear olefins. The conversion of
HDO n-paratfins to linear olefins may be about 10 wt%, about 15 wit%, about 20 wi%. about
25 wi%, about 30 wt%, about 33 wt%, and ranges in between any two of these vaiues or
above any one of these values. In some embodiments. between about 10 wi% and about 30
wt% of the HDO n-paratfing are converted to linear olefins. The reactor effluent is cooled to
condense & linear hvdrocarbon product composition from hvdrogen, where the linear
hydrecarbon product composition is primarily in the Cy4-Cyy range. The hydrogen may be
partially recycled to the reactor to mitigate coking in the reactor. A hvdrogen-~to-hydrocarbon
mole ratio of about 1:1 1o about 20:1 is utilized. The hydrogen-to-hydrocarbon mole ratio
may be about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1. about 8:1, about 6:1,
about 10:1, abowut 11:1, about 12:1. about 13:1, about 14:1. about 13:1. about 16:1. ahout
17:1, about 18:1. about 19:1, and ranges between any two of these values or above any one of
these values. In some embodiments, the hydrogen-to-hvdrocarbon mole ratio is from about

8:1 to about 12:1,

[0058]  The liguid product of this embodiment of the dehvdrogenation of the HDO product
is a straight-chain hydrocarbon composition comprising of n-paraffins and linear olefins. The
composition comprises 50-90 wt % n-paraffins in the Cy,-Cyp range, 10-40 wt % C-Chg
linear internal olefins in the C4-Cig range. and 0-10 wt % linear alpha olefins in the C1-C)e
rannge. The composition may have n-paraffins in the C;4-C5 range in the amount of about 33

wi%, about 60 wt%. about 65 wt%. about 70 wt¥%, about 75 wt%. about 80 wit¥e. about 85



wt%, and ranges in between any two of these values or below any one of these values. The
composition may have lnear internal olefins in the C¢-Cs range in the amount of about 15
wit%, about 20 wt%. about 25 wt%, about 30 wt%, about 33 wi%, and ranges between any
two of these values or above any one of these values. The composition may have linear alpha
olefins in the Cig-Cig range in the amount of about 0 wt% to about 5 wt% or about 5 wt% to

about 10 wi%.

f6059]  Due the presence of linear internal olefins, the pour point of the straight-chain
hydrocarbon composition 1s lowered. Compared to fully satarated hydrocarbons, this

composition offers superior biodegradabilitv. making it attractive as a drilling base fluid.

{0060] The olefinic fiuid has a biodegradability of at least about 40% after about 23 davs of
exposure to microorganisms. The biodegradability may be about 42%, about 44%, about
46%,, about 48%, about 50%, about 52%, about 54%, about 56%. about 38%, about 60%,
about 62%, about 64%, about 66%,., about 68%, about 70%, about 72%,. about 74%,. about
76%. about 78%, about 80%, and ranges between any two of these values or greater than any
one of these values. The olefinic fluid has a kinematic viscosity of less than about 16 ¢St at
40 °C. The olefinic fluid may have a kinematic viscosity at 40 °C of about 9 ¢St, about 8 ¢St.
about 7 ¢S4, about 6 ¢84, about 5 ¢St, about 4 ¢St, about 3 ¢St about 2 ¢St about 1 ¢St and
ranges in between any two of these values or below any one of these values. The olefinic
fluid of the present technology may contain aromatics in the amount of about (.9 wt%, about
0.8 wts, about (.7 wit%, about 0.6 wt%, about 0.5 wtSs, sbout 0.4 wt%, about 1.3 wi%. shout
0.2 wt%, about (.1 w1%. and ranges between any two of these values or below anv one of
these values. In some embodiments, the olefinic fluid contains less than 0.1 wt % total
aromatics. In some embodiments, the olefinie fluid s free of benzene. In some
embodiments. the olefinic fluid is used as a hvdraulic fracturing fluid. as a drilling fluid. or a

combination of the two.

10061} Acid-Caralvzed Oligomerization: 1t is to be understood that the term
“oligomerization™ as used herein refers fo the formation of a compound from 2, 3. 4, 5, 6, 7,
8.9 or 10 monomers, where the compound formed by oligomerization is an “oligomer™ or an
“oligomerized product.” For example, a dimer is a compound made from the oligomerization

of 2 monomers. a trimer is a compound made from the oligomerization of 3 monomers, and a

4.



tetramer 18 a compound made from the oligomerization of 4 monomers. The olefins
produced by dehvdrogenation of the bio-dertved paraffins or by dehvdrochlorination of the
chiorinated product, described above, can be oligomerized to produce fluids having a higher
average motecular weight, higher boiling range. and higher viscosity. Since most of the
carbon-carbon double bonds in the linear olefing are mainly in the internal positions {as
indicated in the aforementioned section describin g the internal olefing), the branched dimers
are charactenized by mamnly Ca~ chain branching. Such fluids, having a kinematic viscosity
greater than about 10 ¢St at 40 °C are excellently suited for various mineral oil and
tubricating oil applications. The oligomerized product may have a kinematic viscosity at 40
“C of about 12 ¢St, about 14 ¢St, about 16 ¢St, about 18 ¢St, about 20 ¢St, about 22 ¢St about
24 ¢St, about 26 ¢St about 28 ¢St about 30 ¢S54, and ranges in between any two of these
values or greater than any one of these values. in some embodiments, the oligomerized

product has a kinematic viscosity greater than about 20 ¢St at 40 °C.

[0062] Acids for olefin ohigomenzation include, but are not limited to, Lewis acids such as
boron trifluoride and aluminum trichioride. Heterogeneous catalvsts such as zeolites are
another class of catalysts for olefin oligomenization. The reactions are conducted in a
continuous stirred tank reactor using between about 1 wt% and about 15 wit % of the Lewis
acid catalyst based on a oligomerization reactor hvdrocarbon feed basis. The Lewis acid
catalyst may be at about 2 wt%. about 3 wit¥%, about 4 wi%, about 5 wt%, shout 6 wt%, about
7 wi, about § wt¥%. about 9 wt%, about 10 wt%, about 11 wt%. about 12 wt%, about 13
wt%, about 14 wt%, and ranges between anvy two of these values. In some embodiments. the
Lewis acid catalyst is from about 2 wi% 10 about 8§ wt %. The reactor operates at a
temperature 1n about the O °C to 200 °C range, under about 1 bar to about 10 bar pressure.
The reactor may operate at a temperature of about 10 °C, sbout 20 °C, about 30 °C, about 40
°C, about 50 °C, about 60 °C, about 70 °C, about 80 °C. about 96 °C, about 100 °C, about
110 °C, about 120 °C, about 130 °C, about 140 °C, about 150 °C, about 160 *C, about 170
°C, about 180 °C, about 190 °C, and ranges in between any two of these values. In some
embodiments, the temperature 1s from about 26 °C to about 120 °C. The reactor may operate
at a pressure of abeut 2 bar, about 3 bar, about 4 bar, about 3 bar, about 6 bar, about 7 bar,
about & bar, about 9 bar, and ranges in between any two of these values or above any one of

these values. Reactor residence times are in the range of about 20 minutes to about 120
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minutes, The reactor residence time may be about 30 minutes, about 40 minutes, about 30
minutes, about 60 minutes, about 70 minutes, about 86 minutes, about 90 minutes, about 100
minutes, about 110 minutes. and ranges in between any two of these values. In some
embodiments, the reactor residence time is from about 30 minutes to abour 90 minutes. The
reactor effiuent includes products of the oligomerization reaction. Unreacted hvdrocarbons,
if present. may be separated from the oligomerized product. The oligomerization product is
predominately dimers and fetramers of the linear internal olefins. In some embodiments, the
dimers and tetramers are greater than 60 wt% of the oligomerized product. The
oligomerization product of this embodiment includes long-chain branched hydrocarbons.
The unreacted hinear hydrocarbons include the paraffin feed to the dehvdrogenation reactor

and the olefinic fluid not reacted under acid-catalyzed oligomerization conditions.

[0063] The oligomerized product may include a dimer, trimer, tetramer, or a mixture of any
two or more thereof. The oligomerized product of the present technology may contain
aromatics in the amount of about 0.9 wt%, about 0.8 wt%, about 0.7 wt%, about (.6 wit%,
about 4.5 wt%, about 0.4 wi%, about 0.3 wt%, about (.2 wi%, about 0.1 wt%. and ranges
between any two of these values or below anv one of these values. In some embodiments.
the oligomerized product contains iess than 0.1 wi % total aromatics. In some embodiments,
the oligomerized product is free of benzene. The oligomerized product has a biodegradability
of at least about 40% after about 23 days of exposure to microorganisms. The
biodegradability may be about 42%, about 44%, about 46%, about 48%., about 50%, about
52%. about 54%, about 56%, about 38%, about 60%. about 62%. about 64%, about 66%.
about 68%, about 70%, ahout 72%, about 74%, about 76%. shout 78%, about 80%. and
ranges between any two of these values or greater than any one of these values. In some
embodiments, the cligomerized product is used as a drilling fluid, a hvdrautic fracturing fluid,

a metal working fluid, a protecting agent. or a combination of any two or more thereo?,

P

[0064] Peroxide-initiated Oligomerizarion: Organic peroxide treatment may be used to
mitiate oligomerization of HDO and/or hvdroisomerized HDO products. As stated above, it
18 10 be understood that the term “oligomerization™ as used herein refers {0 the formation of a
compound from 2, 3, 4, 3,6, 7, §, 9 or 10 monomers. where the compound formed by

oligomerization is an “oligomer.” For example, a dimer is a2 compound made from the
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oligomenzation of 2 monomers, a timer is a compound made from the oligomerization of 3
monomers, and a tetramer 18 a compound made from the oligomerization of 4 monomers.
The product composition, comprising dimers and co-dimers of the linear and/or branched
paraffing, has a kinematic viscosity greater than about 10 ¢St at 40 C. The product is thus

well suited for use in various muneral oil and lubricating oil applications.

10065]  Organic peroxides generate free radicals that extract hyvdrogen atoms from
secondary and tertiary carbons of the paraffinic hyvdrocarbons, providing free radical sites
therein for subsequent coupling reactions. The organic peroxides for the reaction are of the
formula R-0-0-R” where R and R are each independently ¥, alkvl, or arvl. In some
embodmments, organic peroxides for the reaction include dialkyl peroxides including, but not
limited to, di-tert butyl peroxide (DTBP), 2.5-dimethyi 2. 5-di{t-butylperoxyihexane, dicumy!
peroxide, dibenzoyl peroxide, dipropy! peroxide, ethyl propyl peroxide, tert-butvl tert-amyl

peroxide, or combinations of any two or more thereof,

[6066] Peroxide-initiated oligomerization may be carried outf in batch or continuous
reactors. Preferred batch reactor embodiments are agitated tanks with provisions for heat
fransfer/temperature control. These include jackets, internal coils, or pump-around heat
exchange. Confinuous flow reactors inciude those approaching plug-flow behavior such as
tubular reactors {including, but not limited to, static mixers) and fixed-bed vessels packed
with inert media like ceramic balis. As with the batch reactors. these plug -flow reactors may
include provisions for heat transfer/temperature control. A low capital cost embodiment of
the continuous reactor for peroxide-initiated oligomerization is the jacketed pipe or the pipe-

n-pipe reactor.

{0067} The reactor feed comprising HDO and/or hydroisomerized HDO paraffins includes
between about 2 wt% and about 40 wt% organic peroxide and the reactor is controlled at a
temperature from about 504 °C o about 250 *C. The organic peroxide may be in the amount
of about 3 wts, about 4 wi%, about 5 wt%, about 6 wt%, about 7 wt%. about 8 wt%,. about ¢
wt%, about 10 wt%., about 12 wt%, about 14 wi%. about 16 wi%. about 18 wt%., ahout 20
wi%a, about 22 wit%, about 24 wit%, about 26 wt%, about 28 wt%. about 30 wit%. about 32
wt%, about 34 wi%, about 36 wt%, about 38 wt%, and ranges between any two of these

values or above any one of these values. In some embodiments, the organic peroxide 1s in the
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armount of about 5 wt% to about 20 wi %. The reactor temperature may be about 60 °C,
about 70 °C, about 80 °C, about 94 °C, about 100 °C, about 110 °C, about 120 °C, about 130
*C, about 140 °C, about 150 °C, ahout 1460 °C, about 179 °C, about 180 °C. about 190 °C.
about 200 °C. about 210 °C. about 220 °C, about 230 °C, about 240 °C, and ranges in
between any two of these values. In some embodiments, the temperature is between about 70
“C and about 200 °C. The reactor s controlled at a suitable pressure, high enough to ensure
reactor contents are in hiquid phase. This pressure 15 typically from about 1 bar to about 10
bar. The reactor may operate at a pressure of about 2 bar. about 3 bar, about 4 bar. about 5
bar, about 6 bar, about 7 bar, about § bar. about 9 bar, and ranges in between any two of these
values or above any one of these values. Batch cvele times, or residence times of continuous
flow reactors, are in the range from about 10 minutes to gbout 120 minutes. The reactor
residence nime may be about 10 munutes, about 20 minutes. about 30 minutes, about 40
minutes, about 50 minutes, about 60 minutes, about 70 minutes, about 80 minutes, about 90
minutes, about 100 minutes, about 110 minutes. and ranges in between any two of these
values. In some embodiments, the reactor residence time 18 from about 20 minutes to about

90 minutes.

[0068] In the batch mode, all the peroxide may be charged at once following addition of the
paraffinic feedstock. The peroxide may also be introduced in increments over the batch cycele
time. In other embodiments of peroxide-imtiated oligomerization, the organic neroxide is fed
to the batch reactor continuously during all or a portion of the batch reaction cvcle time,

preferably using a metering pump or control valve. This mode of operation is also referred to

as “semi-batch™ in the art.

[0069] The reactor effluent comprises oligomerization products, mainly dimers and trimers
of the HDO and/or hydroisomerization paraffins. The unreacted paraffins, making up
between about § wt% and about 60 wit % of the effluent composition, are optionally stripped
(preferably via atmospheric or vacoum distillation) to vield a ohgomernized fluid produet
having a kinematic viscosity greater than about 10 ¢St at 40 °C. The oligomerized product
may have a kinemaric viscosity at 40 °C of about 12 ¢St, about 14 ¢St about 16 ¢St. about 18
¢St, about 20 ¢St, about 22 ¢St, about 24 ¢St, about 26 ¢St, about 28 ¢St, about 30 ¢St, and

ranges In between any two of these values or greater than any one of these values, In some



embodiments, the oligomerized product has a kinematic viscosity greater than about 20 ¢St at
40 °C. This product is well-suited for use in various lubricating applications where a
combination of high thermal stability, low ecotoxicity. and good low temperature properties
is desired. The unreacted paraffing in the effluent composition may be about 1 wt%, about 2
wit%, 3 wt%, about 4 wi%, about 5 wi%, about & wit%, about 7 wt%. about & wi%, about 9
wi%, about 10 wt%, about 12 wt%, about 14 wt%, about 16 wt%. about 18 wit%. about 20
wi%, about 22 wit%, about 24 wt¥s, about 26 wi%, about 28 wt%. about 30 wt%. about 32
wi%, about 34 wt%, about 36 wt%. about 3% wit%, about 40 wt%, about 50 wt% and ranges

between any two of these values or above any one of these values.

[{8070]  The oligomerized product may inchude a dimer, trimer, tetramer. or a mixture of any
two or more thereof. The oligomerized product has a biodegradability of at Jeast about 40%
after about 23 days of exposure to microorganisms. The biodegradability may be about 42%.
about 44%, about 46%, about 48%, about 50%, about 52%, about 54%, about 36%, about
58%, about 60%, about 62%, about 64%, about 66%. about 68%. about 70%, about 72%.
about 74%, about 76%, about 78%. about 80%, and ranges between anv two of these values
or greater than any one of these values. The oligomerized product of the present technology
may contamn aromatics in the amount of’ about 0.9 wt%, about 0.8 wt%, about 0.7 wt%, about
0.6 wt%, about 0.5 wt%, about 0.4 wt%, about 0.3 wt%, about 0.2 wi%, about (0.1 wt%. and
ranges between any two of these values or below any one of these values, In some
embodiments, the oligomerized product contains less than 0.1 wt % total aromatics. In some
embodiments, the oligomerized product is free of benzene. In some embodiments, the
oligomerized product is used as 2 drilling fluid, a hydraulic fracturing fluid. 2 metal working

fluid, a protecting agent, or 2 combination of any two or more thereof,

[0071]  In another aspect. a method is provided involving protecting a substance by

applying the above-described paraffinic fluids. In the method, the paraffinic flmd includes a
hydrodeoxygenated product; where the hydrodeoxygenated product is produced by
hydrodeoxygenating a bio-denived feed; the bio-derived feed comprises bio-derived fatty
acids, fatty acid esters. or a combination thereof, the hydrodeoxygenated product comprises
n-parafims; the paraffinic fluid contains less than 1 wt% aromatics; and the n-paraffins have a

kinematic viscosity of'less than about 10 ¢S¢ at 40 °C and have a biodegradability of at least
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40% after about 23 days of exposure to microorganisms. In some embodiments, the
hvdrodeoxygenated product includes n-paratfing in the range of about 8¢ wit'% to about 100
Wit cveloparaffing in the range of about § wt% to about 10 wit%,; less than about 1 wt% total
aromatics. In some embodiments, the paraffinic fluid further includes a hvdroisomerized
product produced by at least partially hydroisomerizing the hvdrodeoxvgenated product;
where the hydroisomerized product comprises isoparaffins where at east about 80 wit% of the
isoparaffins are mono-methyl branched paraffing; the mono-methyl branched paraffins
comprise less than about 30 wt% terminal branched 1soparaffing; and the isoparaffing have a
kinematic viscosity of less than about 10 ¢St at 40 °C and have a biodegradability of at least

about 40% after about 23 davs of exposure fo microorganisms.

[6072]  Thus, in some embodiments of the method, the substance 1s 2 food crop, a metal, or
wood. In some embodiments, protecting involves solvating the substance. In such
embodiments, the substance inctudes pesticides, herbicides, paints, inks, or coatings. In some
embodiments of the method, protecting involves cleaning the substance with the paraffinic
fluid In such embodiments, the substance comprises fabric. metal, or plastic. In some
embodiments of the method. protecting involves lubricating the substance where the
substance is metal. Such a method 1s exempiified by the protecting applications listed for dry
cleaning fluids, industrial solvents, crop protection solvents/coating oils, grain de-dusting
oils, metal working fluids, industrial cleaning fluids. lubricating base oils, polymerization
flaids, ransformer oils, cosmetic vils, food preparation oils, and drilling fluids and hydraulic

fracturing fluids of the present technology.

16073} Dry cleaning fluids: Bio-based synthetic fluids of this technology may be used as a
substitute for petroleum-based solvents and perchloroethylene for dry cleaning of apparel.
These fluids comprise hydrocarbons in the Cy4~Cys range. The paraffinic nature of the fluid
(specifically its non-corrosive, non-polar properties) allows it to be used with many sensitive
tabrics. They remove o1l and grease effectively, aid in removing water-soluble dirt when
combined with effective detergents, and are virtually odorless. The kinematic viscosities of
these fluids are less than 10 ¢St at 40 °C. For reducing risk of fire, the flash point is generally
above 38 "C. Dry cleaning fluids of this technology include hydrocarbons in the Cyp-Cys

range.



10074]  Indusirial solvents: Bio-based synthetic fluids of this technology may be used as
solvents for paints, inks, adhesives, and coatings. These fluids comprise paraffinic
hvdrocarbons in the Ce-Cog vange. Due to virtual absence of aromatic hvdrocarbons and
odors, these fluids meet increasingly stringent regulatory requirements. The bio-based
synthetic fluids are characterized by selective solvency as characterized by an amline number
greater than about 80 °C, and a Kaun-Butanol value greater than about 19. They are an
effective substitute for petroleum-based solvents, including ISOPAR® and SOLTROL®
products, (ISOPAR® and SOLTROL® are trademarks of ExxonMobil Chemical and
Chevron Phillips Chemical respectively.}) The viscosities of these fluids are less than about
10 ¢85t at 40 °C, with volatility (flash point and distillanon/boiling range) adjusted according
to the specific application. As such, the lighter hydrocarbons, such ag those in the Cs-C-
range. may be stripped/distitled in order to provide industrial solvents having higher flash

points and thus with a reduced risk of fire.

{60758} Crop protection solvenis/coating oiis: Bio-based synthetic fluids of this technology
may be used as agricultural solvents and spray oils. These fluids include paraffinic
hydrocarbons in the Ce-Coy range for sobvent applications {e.g. for dissolving pesticides and
herbicides), and in the C,.-Css range for coating oil applications. Examples of erop
protection solvent applications include dissolving and spraving pesticides. These include
applications where the solvent is used to extract a natural herbicide for crop protection. In
these cases, selective solvency, as indicated by an aniline number greater than about 80 °C,

and a Kauri-Butanol value greater than about 19, is a key attribute of the paraffinic solvent.

[0676] When used as coating oil, the fluid is applied to the plant leaves forming a film that
protects the plant from fung and pests. Because the coating oil is a non-toxic chemcal, as
defined by an eco-toxicity where LCsq = 3.5 mg/L. (as described above). the pests cannot
become immune to the product. The spray oil naturaily bio~degrades and evaporates during
the growth cvele of the plant. And because the bio-based fluids are naturally free-of sulfur,
they do not leave a sulfonic residue. Tvpically, for coating o1l applications, the fluid

viscosity 1s greater than about 10 ¢St at 40 °C.

{0077 Grain de-dusting oil: This application is similar to the crop protection coating oil.

-

Bio-based synthetic fluids of the present technology that include hydrocarbons in the C6-Cse
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range provide the required performance, mitigating dust accumulation when handling grain.

For this application, fluid viscosity is greater than about 10 ¢St at 40 °C.

HRIT8]  Meral M-"orking._ fluids: Bio-based synthetic fluids of this technology mav be used as
metal working fluids, including metal lubricating and metal rolling fluids.  For applications
such as aluminum rolling {e.g. for preparing rolls of aluminum foils) paraffinic hvdrocarbons
m the Cq~Cap range, having kinematic viscosities less than about 10 ¢St at 40 °C and flash

points above about 60 °C are most suitable.

{06791  For applications involving more severe metal-metal contact where hubricating
properties are desired, chlorinated paraffing from chiorination of the HDO product as
described above, or bio-derived synthetic fluids of the present technology having a carbon
number in the Cy-Cyy range and a kinematic viscosity greater than about 10 ¢St at 40 °C are
desired. These fluids cool and lubricate metal surfaces, reducing friction and too! wear while

removing residual metallic pieces,

[GOBG]  [ndusirial cleaning fluids: Bio-based synthetic fluids of this technology are suitable
substitutes for petroleum kerosene for use as industrial cleaners. Unlike the petroleum
kerosene that can have up to 30% aromatic hydrocarbons, the bio-based synthetic fluids
contain virtually no aromatics and are therefore low in toxicity and odor, and meet stringent

regulatory requirements for occupational exposure.

{0081] Lubricaiing buse oils: Bio-based synthetic fluids of this technology. comprising
oligomerized hydrocarbons, have kinematic viscosities greater than about 10 ¢S1 at 40 °C,
preferably greater than about 20 ¢St at 44 °C, and viscosity index values {measure of

viscosity stability within operating temperature range) suitable for lube base oil applications.

[B082] Polvmerization fluids: Bio-based synthetic fluids of this technology may be used
for various solution and slurry polymerization processes such as the linear low density
polvethylene process. Additionally, these fiuids may be used for foam blowing processes, as
an environmentally friendiv substitute for chlorinated hydrocarbons. Examples of such foam
blowing processes include production of foamed polystyrene (e.g. STYROFOAM®E) and
foamed polvurethane. Isoparaffinic hydrocarbons (e.g. HDO hvdroisomerization products) in

the Cs-Cy range are particularly well-suited for these applications.
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{0083  Transformer oils: Bio-based synthetic fluids of this technolegy are suitable for use
as transformer fhuids due to their low dielectric constants (from about 2 te about 3 at in the
range from about 58 °C to about 200 'CY and verv low water solubility. Ohgomerized bio-
based finids having carbon numbers in the Coa-Cg range are preferred due to their very high

flash points.

{0084] Cosmetic oils: Bio-based synthetic fluids of this technology may be used as
ingredients in baby lotions, cold creams, ointments and cosmetics. The odorless, tasteless,
and inherently non-toxic attributes of these fluids make them attractive for these applications.
The fluids of this technology in the C4-Cae range having a kinematic viscosity greater than

about 10 ¢St at 40 C are particularly well-suited for use in cosmetics.

[0485]  Food prepuration oils: Bio-based svnthetic fluids of this technology may be used
for food contact applications. Due to their properfies in preventing water absorption, and
with their mherent non-toxieity and low odor, these bio-based synthetic fluids may be used to
preserve wooden cutting boards, salad bowls and other wooden kitchenware/utensils.
Rubbing small amounts of the oils on the wooden kitchenware fills cracks therein and
prevents water/food accumulation which can lead to formation of bacteria in addition to

degradation of the wooden article.

[O086]  Dritling fluids and hvdravlic fracruring fluids: Bio-based synthetic fluids of this
technology may be used as base fhuids for drilling mud applications, including for offshore
applications where a good balance of thermal stability, eco-toxicity and bio-degradability is

desired.

[0087] In an aspect, a method is provided which involves producing an orifice in a substrate
by at least injeciing a paraffmic flnid into the substrate, wherein the paraffinic fluid
comprises a hyvdrodeoxygenated product; the hydrodeoxygenated product is praduced by
hydrodeoxygenating a bio-derived feed; the bio-derved feed comprising bio-derived fatty
acids, fatty acid esters, or a combination thereot, the hvdrodeoxygenated product comprises
n-paraftins; the paraffinic fluid contains less than about 1 wt% aromatics; and the n-paraffins
have a kinematic viscosity of less than about 10 ¢St at 40 °C and have a biodegradability of at

least about 40% after about 23 days of exposure to microorganisms. The paraffinic {luid may

'
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be any one of the compositions provided by the present technology, including, but not Imited
to, the oligermized product, the chlorinated product, the olefinic fluid, the HDO product, the
hvdroisomerized product. or mixtures of any two or more thereot., As described above, the
paratfinic fluids of the present technology have flash points, thermal stabilities, viscosities,
eco-toxicities and biodegradabilities excellently suited for such a method. In some
embodiments. the hvdrodeoxygenated product includes n-paraffins 1o the range of about 80
wt% to about 100 wt%; cyeloparaffins in the range of about ¢ wt% to about 10 wt%: and less
than about 1 wi%% total aromatics. In some embodiments. the paraffinic fluid further includes
a hydroisomerized product produced by at feast partiallv hvdroisomenzing the
hydrodeoxygenated product: wherein the hyvdroisomenzed produect comprises isoparafiing
where at least sbout 80 wt% of the isoparaffins are mono-methyl branched paraffing; the
mono-methyvl branched paraffins comprise less than about 30 wt% terminal branched
isoparaffing: and the isoparaffins have a kinematic viscosity of less than about 10 ¢St at 40 °C
and have a biodegradability of at least about 40% affer about 23 days of exposure to

MiCrooTganisms.

[6688] In some embodiments, the paraffinic fluid has a kinematic viscosity less than about
10 ¢St at 40 °C. In such embodiments, the paraffinic fluid may have a kinematic viscosity at
40 °C of about 9 ¢St, about 8 ¢St about 7 ¢St, about 6 ¢St about 5 ¢St about 4 ¢St, about 3
cSt, about 2 ¢85, about | ¢S4, and ranges in between any two of these values or below any one
of these values. In some embodiments, the paraffinic fluid has & kinematic viscosity greater
than about 10 ¢St at 40 °C. In such embodiments, the paraffinic fluid mav have a kinematic
viscostty at 40 °C of about 12 ¢51, about 14 ¢S4, about 16 ¢St, about 18 ¢St, about 20 ¢St
about 22 ¢St, about 24 ¢St, about 26 ¢St. about 28 ¢St, abount 30 ¢St, and ranges in between
any two of these values or greater than any one of these values. In some embodiments, the

paraffinic fluad has a kinematic viscosity greater than about 20 ¢St at 406 °C.

[0G89] In some embodiments, the substrate comprises a soil substrate. a topsoil substrate, a
subsoil substrate, a clay substrate, a sand substrate, a rock substrate. or a stone substrate. In
some embodiments. the bio~derived fatty acids, fatty acid esters, or a combination thereof
comprises algae oils, beef talfow, camelina oil, canola oil, rapeseed oil, castor oil, choice

white grease, coconut oil, coffee bean oil, corn oil, cottonseed oil, fish oilg, hemp oil.



Tatropha oil, Iinseed oil, mustard oil, palm oil, palm kernel oil. poultry fat, soybean oil,
sunflower oil, tall oil, tall oil fatty acid, Tung oil, used cooking oils, yellow grease, products
of the food industry, or combmations of any two or more thereof. In some embodiments, the
bio-derived fatty acids, fatty acid esters, or a combination thereof comprise sovbean oil, corn
oil, cotionseed oil, canola oil. coconut oil, sunflower oil, palm oil, palm kernel oil, rapeseed
oil, or a combination of any two or more thereof. In some embodiments, the step of

producing an orfice comprises hydraulic fracturing of the substrate with the paraffinic fluid.

[0990] Inzegrared process for production of bio-based industrial fluids: An embodiment of
the inventive method for producing bio-based industrial fluids is presented in FIG. 1.
Refemring to FIG. [, a bio-based feed 102 comprising fatty acids and/or fatty acid esters is
combined with a compressed treat gas 104 o form reactor feed stream 106 and achieve
hydrodeoxygenation (HDO) in HDO unit 110. The bio-based feed 102 comprises anv one or
more of the oils, fats, or greases recited earlier herein in this application. The bio-based feed
102 and treat gas 104 are pumped and compressed respectively to a pressure within the range

descrived earlier herein.

[0091] The treat gas 104 for the HDO reaction is a hydrogen-rich gas, with a hydrogen
concentration in the range of about 70 mol % to about 100 mol %. In some embodiments, the
hvdrogen concentration 1s between about 82 mol % and about 99 mol %. The main
impurities present in the treat gas 104 include methane, ethane. propane. n-/iso-butane,

hydrogen sulfide. carbon monoxide, carbon dioxide. ammonia, and water.

{0092  The HDO unit 110 comprises a preheater to raise the temperature of reactor feed
106 to achieve HDO reactor operation within the temperature range described previously in
the application. In addition to the preheater, the HDO unit 110 includes an HDO reactor,
separator drums/vessels, and a product stripper. The drums/vessels separate a water
byproduct 112 and an HDO gas 114 from HDO product 116. The product stripper is
employed for removal of residual byproduct ammonia, hydrogen sulfide, and carbon oxides.
dissolved in the HDO product 116, The HDO product 116 is a paraffinic hvdrocarbon
composition comprising n-paraffins in the Ci5-C,3 range, with elemental sulfur and elemental
nitrogen less than about 5 wppm and elemental oxvgen less than about 0.1 wt %. In some

embodiments, elemental sulfur and elemental nitrogen are less than I wppm in the paraffinic
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hydrocarbon composition. In some embodiments, the HDO product 116 is partially recycied

to the HDO reactor as a solvent/diluent for bio-based feed 102,

{0093 The HDO gas 114, containing same byproducts in addition to light hvdrocarbons
such as methane and propane, is optionally subjected to treatment (e.g. scrubbing with a
solvent, water, or caustic/amine solutions) to reduce the concentration of these molecules in

the gas 114, in some embodiments, the gas 114 1s partially recycled to the HDO reactor.

[0694] The HDO product 116 18 combined with treat gas 118 w form a hydroisomerization
unit feed 119. The treat gas i1s a hvdrogen-rich gas stream having the specifications of treat
gas 104, but preferably containing less than about 10 ppm hydrogen sulfide, ammonia. or
carbon monoxide. If needed, the HDO product 116 and treat gas 118 are
pressurized/compressed to a value within the hydroisomerization operating pressure range

specified earlier in this application.

{0095} The hydroisomerization unit 120 comprises a feed preheater, a hvdroisomerization
reactor. and separation drums for separating the hvdroisomerization product 124 from the
hydrotsomerization gas 122, The hydroisomerization gas 122 may contain light
hydrocarbons formed in the hydroisomerization reactor via hydrocracking side reactions

therein.

[0096] The preheater in the hyvdroisomerization unit 120 raises the temperature of the feed
for operating the hydroisomerization reactor within the temperature range indicated earlier in

this appiication.

[0497] The hydroisomerization gas 122 is combined with the treat gas 104 and/or the treat

gas 118, via a compression stage if desired.

[{0098] The hydroisomerization product 124, comprising paraffinic hvdrocarbons in the Ca-
C\g range. is directed to oligomerization unit 130, where it is combined with an organic
peroxide initiator 126 according to conditions and limitations provided previcusly, In
embodiments where a hatch oligomenization reactor is emploved, the oligomerization unit
130 1s equipped with a plurality of feed tanks. In these embodiments, one tank is used to

charge the oligomerization reactor while the other is being filled with hydroisomerization
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product 124, The oligomerization effluent 132 includes both ohigomerized and unconverted
components of hydroisomerization product 124, As such, the oligomerization effluent 132 is
a paraffinic hydrocarbon composition in the Cs-Cayrt range, characierized by & high degree of

Ca+ chain branching,

[0099] The oligomerization effluent is directed to a fractionation unit 140, The
fractionation unit may be one distillation column with side draws, or a plarality of columns
operating at different pressures.  Therein the oligomenzaton effluent is fractionated mfo
Fraction 142 comprising hvdrocarbons in the Cs-Cs range, Fraction 144 compnsing
hydrocarbons in the C4-Cg range. and Frachion 146 compnising hydrocarbons in the Cy-
Cyr+ range. Fraction 144 may be used for solvents, drilling fluids. hydraulic fracturing fluids,
and other industrial fluid applications where Kinematic viscosity values are iess than about 10
¢St at 4G °C. Fraction 146 may be used for lubricating oils, dielectric fluids, grain de-dusting
fluids, mineral oil, and other applications where the kinematic viscosity is greater than about
10 ¢St at 40 C. In some embodiments, it is necessary to further fractionate the fluid fraction
comprising Cio+ fractions in order to meef the maximum boiling temperature specified for

the fluid.

{01001 Fraction 142 may be partially or completely recycled to oligomerization unit 130.
Alternatively, Fraction 142 may be further fractionated mto a Cs-Cy ranged and Cp-Cis
ranged fractions for use as other solvents or fuels. The fluid fractions are preferably additized
with an anti-oxidant, and other additives specific to the application, before drumming and
shipping. The anti-oxidant is preferably a hindered phenol introduced at 2 concenation
between about 2 and about 200 wppm. In some embodiments, the anti-oxidant is at a

concentration between about 10 wppm and about 100 wppm.

10101} The present invention, thus generally described, will be undersiood more
readily by reference to the following exampies, which are provided by way of itlustration and

are not intended to be limiting of the present invention.



EXAMPLES

[6102] Example 1. DEMONSTRATION OF THE BIG-DEGRADABILITY OF A BIO-
BASED SYNTHETIC HYDROCARBON FLUIDS

[2103] Canola oil was hvdrodeoxygenated in a 100 ce tubular reactor packed with 20 ¢c Mo
catalyst {top layer) and 80 cc NiMo catalyst (bottom layer) and then pressurized to 1600 psig
with hvdrogen. The catalysts were commercially available products obtained in oxide form.
The catalysts were sulfided in the reactor using dimethyi disulfide (DMDS), following &
ramp-hold temperature profiie. The first hold was 12 hrs at 400 °F (wherein H,S
breakthrough was confirmed), and the second hold was about 10 hrs at 700 °F. The
temperatures were lowered to about 450 °F before mitroduction of 100% canola ol (spiked
with 100 ppm sulfur as DMDS). After a break-in period of partial hydrodeoxygenation, the
reactor temperature was raised to 640 F. The ligmd hourly space velocity of canola oil was

maintained at 1 vol/vol/hr, along with a 10,000 SCF/Bbl gasso-oil ratio.

[0304] The canola oil feed and HDO product were both analyzed for elemental oxygen.
The feed was 11.1 wt % oxygen whereas the HDO product was below detection limit (<0.1
wt % oxygen). The HDO product had a flash point of 138 °C, a viscosity of 3.68 ¢St at 40
°C, and density of G.800 kg/i.,

[0165] The HDO product was subjected to biodegradability test according to ASTM
D5864-05. After 23 days of exposure to microorganisms at the conditions specified in the
test method, with room temperature in the 20-25 °C range, the paratfinic HDO product
degradation as measured by CO» production was found to be 44.2%. By comparison, the

biodegradability of poly alpha olefins is reported to be in the 0-25% range.
[0106] Example 2. HYDROISOMERIZED HDO PRODUCT FRACTIONS

{0167] HDO paraffins were hvdroisomerized (H1) according to the conditions described in
this technology, using a Pt/Pd-on-amorphous silica/aluming catalvst. The hydroisomerized
products were fractionated into different cuts using both laboratory as well as commercial

scale distillation columns. The fractionation cuts” boiling ranges corresponded to commercial



grades of petroleum-based paraffinic fluids such as [SOPAR® L, ISOPARE M, ISOPAR®
V, SOLTROL® 170, and SOLTROL® 220. The results are summarized in Table 1.

Tabie 1. Comparison of Bio-Based isoparaffin Fluid Fractions [HI Cuts} to Commercial Petro-Sofvents

ISOPAR GRADE L %] v

ISOPAR and Equivalent Products (SOPAR | HE Cut 2| 1SOPAR [S0L-170) HI Cut 3| ISCPap Isoz_vzzai HE Cut aJH; BTRAS
Solvency !

Kauri-butanol value, ASTM D1133 27 35 25 24.5 23 73 Na® o oansm 15

Ardlirie Point [°C) s 80 91 91 %5 52 NA 94 98
Volatifity

Flash Poirt, ASTM DS6 (°C) 3 0 53 87 37 129 100 121 174

Distiilation, ASTM DBE 1BF (9C) 188G 165 223 =216 198 773 »218 228 273

Distiliation, ASTM D86 EP [2C) 207 208 254 <246 243 312 <315 281 304

Specific Gravity @ 15.6 €. ASTM D1250 077 6.77 0.78 0.7% 6,77 0.83 NA 0.78 0,784

Composition, wt %
Saturates 949 >49 99.9 >G5 99,8 NA >98 1 997
Aromatics <001 <3 <0.05 0,01 <1 <05 NA S

1. ISOPAR Is a trademark of ExxanMobit Chemicl

2. SGLTROL{"SOL™ s a trademaric of Chevror Phillips Chemical

3. MNAc= Dats not svadlahie

(0108}

As observed in Table 1, the bio-based finids, HI Cuts 2-4 and HI Btms, have the

desired selective solvency for use as industrial sotvents: Kauri-Butano] values greater than

about 19, and antline points greater than about 80 °C.
P g

[0109]

The HI Btms fraction was further anaivzed for comparison with two commercial

petroleum-based dnlling fluids, recognized for their relatively low ecotoxicity. high flash

points, and low pour points. These products are offered for offshore applications. Table 2

rovides a summary of the results.
P 3
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Tabie 2. Comparison of Bio-Based isoparaffinic Fluid {HI Btms} to Commercial Petro-Based Drifling Fluids

Property CLAIRSOL NS ) escaip 120 ™ HI Btms
Specific Gravity 0.82 0.818 0.784
Flash Point, °C 122 101 124
Pour Point, °C -18 -24 <12
Aromatics, wt % <05 0.8 <0.5
Yiscosity at 20°C, ¢St
Viscosity at 4090, oSt 3.41 2.36 3.49
Aniline Pt., °C B4i 98
Distiliation, °C

BP 261 235 273
FBP 753 270 304k

Nores:
{a) CLAIRSOL is tradename of Perrochem Carless, a teading supplier of dgrilling base fluids in furops

(b} ESCAID is tradename of Exxonbdobil Chemical, 3 teading suppiter of dritiing base fluids

[0110]  The table shows that the bio-based drilling fluid {or drilling mud base fluid) meets

all the performance parameters presently provided by the petroleum-based drilling fluids.

10111} Exampie 3. PEROXIDE-INITIATED OLIGOMERIZATION OF PARAFFINS
[611Z] 100 parts by weight of a hydroisomerized HDO product is introduced to a round-

bottom flask reactor equipped with a mechanical stirrer, a reflux condenser, a temperature
indica{(}r, and a heating mantle. The hydroisomerized HDO product is analvzed via gas
chromatography {GC) and is found to consist mainly of Co-Cyg n-paraffins and iso-paraffins.
Upon reaching about 200 °C, 20 parts by weight of LUPEROX 101 organic neroxide [2,5-
dimethyl 2,5-di{7-butylperoxyihexane: purchasable from Aldrich] is added in 10 equal parts
over 5 hours. Upon reaching the 6% hour, the reactor is cooled and analyzed via GC where
increase in carbon number is confirmed. The product is distilled to remove the lighter. un-
reacted components and the byproducts of peroxide decomposition. The higher carbon
number product is then tested for biodegradability according to D5864 guidelines and
expected to display at least 40+% biodegradation after 23 days of exposure to micro-

organisms.

[0113]  While certain embodiments have been illustrated and described. it should be

understood that changes and modifications can be made therein in accordance with ordinary
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skitl in the art without departing from the technology in its broader aspects as defined in the

following claims.

f114]  The embodiments, iHustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specificaily disciosed
herein. Thus. for example. the terms “comprising,” “including.” *containing.” etc. shall be
read expanstvely and without limitation. Additionally, the terms and expressions emploved
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but 1t 1s recognized that various modifications are possible
within the scope of the ciaimed technology. Additionally, the phrase “consisting essentially
of” will be understood 1o include those elements specifically recited and those additional
eiements that do not matenially affect the basic and novel characteristics of the claimed

techneiogy. The phrase “consisting of” excludes any element not specified.

j0115] The present disclosure 1s not to be limited in terms of the particular embodiments
described in this application. Many modifications and variations can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods and compositions within the scope of the disclosure, in
addition to those enumerated herein. will be apparent to those skilied in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within the
scope of the appended claims. The present disclosure is to be limited only by the terms of the
appended claims, along with the full scope of equivalents to which such claims are entitied.
It is to be understood that this disclosure is not limtted to particular methods, reagents,
compounds compaositions or biological systems, which can of course vary. It is also to be
understood that the terminology used herein 1s for the purpose of describing particular

embodiments only, and 1s not intended o be limiting.

f0116] In addition, where features or aspects of the disciosure are described in terms of
Markush groups. those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush group.



[0117] As will be understood by one skilled in the art, for any and all purposes. particularly
m terms of providing a writter description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges thereof, Any listed range can be
easily recognized ag sufficiently describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths. tenths, erc. As a non-limiting example, each

- discussed herein can be readily broken down into a lower third, middle third and upper

-t
5
3

i
e}

“at least.” “greater than,” “less than,” and the like, mclude the number recited and refer o
ranges which can be subsequently broken down into subranges as discussed above, Finally,

as will be understood by one skalled in the art, a range includes each individual member.

[1118] Al publications, patent applications, issued patents, and other documents referred to
in this specification are herein incorporated by reference as if each individual publication,
patent apphication, issued patent, or other document was specifically and individually
indicated to be incorporated by reference in its entirety. Definitions that are contained in text
incorporated by reference are excluded to the extent that they contradict definitions in this

disclosure.

[6119] Other embodiments are set forth in the following claims.



Claims

1. A method comprising producing an orifice in a substrate by at least injecting a viscosity-
altered paraffinic fluid into the substrate, wherein
the paraffinic fluid comprises a hydrodeoxygenated product and a
hydroisomerized product;
the hydrodeoxygenated product is produced by hydrodeoxygenating a bio-derived
feed;
the hydroisomerized product is produced by at least partially hvdroisomerizing
the hydrodeoxygenated product;
the bio-derived feed comprises bio-derived fatty acids, fatty acid esters, or a
combination thereof;
the hydrodeoxygenated product comprises n-paraffins;
the hydroisomerized product comprises isoparaffing;
the paraffinic fluid contains less than about | wt% aromatics; and
the n-paraffins
have a kinematic viscosity of less than about 10 ¢St at 40 °C; and
have a biodegradability of at least about 40% after about 23 days of
exposure 10 microorganisms;
the isoparaffins
are at feast about 80 wi% mono-methyl branched paraffins where the
mono-methyl branched paraffins comprise Iess than about 30 wt%
terminal branched isoparaffins;
have a kinematic viscosity of less than about 10 ¢St at 40 °C; and
have a biodegradability of at least about 40% after about 23 days of

exposure to microorganisms.

2. The method of claim 1, wherein the substrate comprises a soil substrate, a topsoil substrate, a

subsoil substrate, a clay substrate, a sand substrate, a rock substrate, or a stone substrate.

3. The method of claim I, wherein the step of producing an orifice comprises hydraulic

fracturing of the substrate with the paraffinic fluid.
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4. The method of claim 1, wherein the bio-derived fatty acids, fatty acid esters, or a combination
thereof comprises algae oils, beef tallow, camelina oil, canola oil, rapeseed oil, castor oil,
choice white grease, coconut oil, coffee bean oil, corn oil, cottonseed oil, fish oils, hemp
oil, Jatropha oil, linseed oil, mustard oil, palm oil, palm kernel oil, poultry fat, soybean
oil, sunflower oil, tall oil, tall oil fatty acid, Tung oil, used cooking oils, yellow grease,

products of the food industry, or combinations of any two or more thereof.

5. The method of claim 1, wherein the bio~derived fatty acids, fatty acid esters, or a combination
thereof comprise soybean oil, corn oil, cottonseed oil, canola oil, coconut oil, sunflower

oil, palm oil, palm kernel oil, rapeseed oil, or a combination of any two or more thereof.

6. The method of claim 1, wherein the hydrodeoxygenated product comprises
n-paraffins in the range of about 80 wt% to about 100 wt%;
cycloparaffins in the range of about 0 wi% to about 10 wt%; and

less than about 1 wi% total aromatics.
7. The method of claim 1, wherein the hydrodeoxygenated product is free of benzene.

8. The method of claim 1, wherein the mono-methyl branched paraffins comprise less than

about 5 wt% terminal branched isoparaffins.

9. The method of claim 1, wherein the hydroisomerized product has a ratio of isoparaffins to

normal paraffins in the range of about 1:1 to about 30:1.

10. The method of claim 1, wherein the hydroisomerized product has a ratio of isoparaffins to

normal paraflins in the range of about 1:1 and about 10:1.
I1. The method of claim 1, wherein the hydroisomerized product is free of benzene.

12. The method of claim 1, wherein the paraffinic fluid further comprises an olefinic fluid, an

oligomerized product, a chlorinated product, or mixtures of any two or more thereof.

13. The method of claim 1, wherein the paraffinic fluid further comprises an olefinic fluid,
wherein the olefinic fluid comprises

at Jeast about 10 wt% internal olefins in the Cy4 to Cys range;
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14.

15.

I6.

17.

18.

16,

20.

21,

22.

23.

a viscosity of less than about 10 ¢St at 40 °C; and

1s free of benzene.

The method of claim 13, wherein the olefinic fluid comprises
about 50-90 wt% n~paraffins in the C-C;g range;
about 10-40 wt% linear internal olefins in the C4-Cig range; and

about 0-10 wt% linear alpha olefins in the C4-C ;g range.

The method of claim 1, wherein the paraffinic fluid further comprises an oligomerized
product wherein the oligomerized product has a kinematic viscosity of at least about 10

¢St at 40 °C and is free of benzene.

The method of claim 15, wherein the oligomerized product has a biodegradability of at least

about 40% after about 23 days of exposure to microorganisms.

The method of claim 15, wherein the oligomerized product is a dimer, trimer, tetramer, or a

mixture of any two or more thereof.
The method of claim 1, wherein the paraffinic fluid is free of benzene,

The method of claim 1, wherein the paratfinic fluid has a kinematic viscosity of less than
about 10 cSt at 40 °C.

The method of claim 1, wherein the paraffinic fluid comprises less than 0.1 wt% total

aromatics.

The method of claim 1, wherein the hydroisomerized product comprises a pour point of at

most about -10 °C.

The method of claim 1, wherein the paraffinic fluid comprises a kinematic viscosity of less

than about 5 ¢St at 40 °C.

The method of claim 1, wherein the paraffinic fluid is free of benzene and comprises
less than about 0.5 wt% aromatics;

a kinematic viscosity of less than about 5 ¢St at 40 °C; and
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an olefinic fluid, wherein the olefinic fluid comprises
about 50-90 wt% n-paraftins in the C6-Cyg range;
about 10-40 wt% linear internal olefins in the C4-C;s range; and

about 0-10 wt% linear alpha olefins in the C,4-Cy5 range.

24. The method of claim 23, wherein the step of producing an orifice comprises hydraulic

fracturing of the substrate with the paraffinic fluid.



BIO-BASED SYNTHETIC FLUIDS
ABSTRACT

& method is provided involving altering the viscosity of bio-derived paratfing to produce
a paraffinic fluid, where the altering step includes oligomerizing bio-derived paraffins,
unsaturating bio-derived paraffing, chlorinating bio-derived paraffins, or a combination of any
two or more thereof; the bio-dertved paraffins are produced by hydrodeoxygenating a bio-based
feed: the bio-based feed comprises bio-derived fatty acids. fatty acid esters, or a combination
thereof: the bio-derived parafiins compnise n-paraffins: and the n-paraffins have a
hiodegradability of at least 40% after abour 23 days of exposure to microorganisms. Also
provided are methods of protecting a substance by applying a paraffinic fluid and a method of

producing an orifice in a substrate by at least injecting a paraffinic fluid into the substrate

FIG. 1
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