WO 2009/038728PCT/US2008/010831 EXTRACTION OF HYDROCARBONS FROM

HYDROCAR - INING MATERIALS CROSS REFERENCE T PPLICATION
[1] The prese%ﬁ@%@% is a Continuation-in-part of U.S. Application &??MEE{% /174,139, filed
July 16, 2008, and 12/053,126, filed March 21, 2008, and claims benefit of U.S. provisional application
60/973,964, filed September 20, 2007, each of which is hereby incorporated by reference in their
entirety. FIELD OF THE INVENTION [2] The present invention relates to the field of extraction of
hydrocarbons from hydrocarbon-containing materials. BACKGROUND OF THE INVENTION [3] The
liquefactiopx selubitizstien-andircexiretins eifossifosien elsemateddydrasarkipn-containing organic
matter, in spAidERERAssolid, highly viscous or viscous form (individually and jointly referred to as fossil
fuels hereafter) have proven to be extremely challenging and difficult. As used herein, such fossils
fuels include, but are not limited to, hydrocarbon-containing organic matter within coal, oil shale, tar
sands and oil sands (herei q@lﬂ% t i] oil, heavy crude oil, crude
bitumen, kerogen, natural %ﬁgﬁ and (girE a&}%g{ggﬁ %ﬁfﬁ% t%/;s %?#Siﬁ part be attributed to the fact
that these il fuels include complex.orgapic polymers linked ygen.and sulfur bqnds, which are
often imbeB 11 B BT e A O s St PSS ce B i
hydrocarbey fegssdMR2009/G38TRBP G/ USRA0BO 1SR L39c)s 05 18, mANUAGISE.odighid and
gaseous fuels as well as for the production of various chemicals, pharmaceuticals and engineered
materials asStheralesivanidappistatvas aovitiore o findd Feparhion baseohmatetials wikbageasrdd] Various
technologies or processes have been developed to liquefy, solubilize and/or extract the fossil fuels.
None of tHacprreraad hijarffaetrsrin disiusntization and extraction technologies or processes, however,
has proven to be commercially viable on a large scale for all types of fossil fuels. This is due to the fact
that all of the prior art technologies and processes for the liquefaction, solubilization or extraction of
hydrocarbons developed to date are gxpepsivertarpplonandroperate. Additionally, the prior art
processes and technologies for the liquefaction, solubilization and/or extraction of hydrocarbons may
be difficultgggcatg.up-QBaraiRandforaartyolbasausaf gnexanmmere of theafellowing masons: (1)
operating at an inordinately elevated pressure; (2) operating at a very high temperature; (3) the need
for expendivér@robassimgringgsalgeand.equipment that require the external supply of hydrogen under
extreme conditions; (4) being subjected to a mixture, or composition, of two or more reagents,
catalysts and/or promoters, which are frequently highly toxic and are neither renewable nor recyclable;
(5) requiring to supply a special feyi-REENRaG B8 i gkRRVa &Rfiation; (6) long process times for

partial liquefaction, solubilization or extraction; (7) requiring extraordinarily fine particles with a size of

aboult 2008 Ao M st iRl dhedifieul s sastiuicuamieetir.apdandie: and

(8) being incapable of recovering and recycling the necessary reagents, catalysts and/or promoters.
Thus, therexgxistsebnasd ipegviderddiianaliigahpigrasendprasassesio ey insienssd recovery of

hydrocarbon materials.
jointly referred to as fossil fuels hereafter) have proven to be extremely challenging and
difficult. As used herein, such fossils fuels include, but are not limited to, hydrocarbon-
containing organic matter within coal, oil shale, tar sands and oil sands (hereinafter jointly called
tar sands), as well as crude oil, heavy crude oil, crude bitumen, kerogen, natural asphalt and/or
asphaltene. The difficulty can in part be atiributed to the fact that these fossil fuels include

complex organic polymers linked by oxygen and sulfur bonds, which are often imbedded in the

matrices of ifaorganic compounds. A need exists to produce additional liquid hydrocarbon feed



[5] For primary drilling operations, it would be advantageous to employ a process that would enhance
solubilization @ﬂéj ﬁ&g&g{&ge movement o.f addit.io.nal or trapped hydroc%réjﬁﬁgzﬂ%%]@ging organic
matter that coul % en be recovered allowing existing pressure gradients to force the
hydrocarbon-containing organic matter through the borehole. In particular, it would be useful to
solubilize heavier hydrocarbons that usually remain in the reservoir through primary drilling operations.
[006] For secondary and tertiary or enhanced oil recovery operations, it would be advantageous to
employ a pretelhs thamantidienhdricmidclubigzation foéleiktovadicay & iy roodirdiam-obmtaining organic
matter in the reservoir in a manner that is cost effect and that does not damage the reservoir. While

effective riBERAHS a REPEDMBESHB RO GRENSEIEGHIRAI OB atiotis, ¢URABAL HGtROMTE RSy Hie to

expense qf gperations in compatrison to the value of the produced hydrocarbon-containing organic
TR T T S R

matter. S nafrs nﬁ%eﬁseeét, there is provided a method of extracting

hydrocarbon-containing organic matter from a hydrocarbon-containing material, comprising the steps
of: providifm4t firsidisisidechnsigiigee saentially hiva tupentindoiedich algaa\orsalasiimbinadion of a
turpentine liquid and a turpentine-miscible second liquid wherein the combination contains at least
50% turpettiveet lidgidosiinfaeling Meschpérbsarsion-es ntiansfagtetatepiablinienidntr sdigeignsuch that an
extraction mixture is formed and a residual material is formed, the extraction mixture comprising at

least a pof TR YPEHTE PRRIPS eSS B Raliher OrguIn e samBe s R PG URietRecke SEathl material
Comprisin%@éé%@%seimggmfs@9&39&%@4%%%! fram the hydrosathon-containing. malerial that are

not soluble in the first liquid; separating the extraction mixture from the residual’material; and
separatingb agsteasinnonbiueidater afirsitRarionyand-sacandippsdion diheafiy skparianef the
extraction mixture comprising a hydrocarbon product stream comprising at least a portion of the
hydrocarbésplogriainipgatrg dniditmedtby, theepsecen diporsion ailtkshortrgetidartixtineetomprising at
least a portion of the turpentine liquid. [006b] In a second aspect, there is provided a method of

extracting VR AR SRR St GAHRROSHEA T oY PRy dHBISHHD bh SER)Rt ERmi AR TAS L8RP comprising

the steps ggntrol because of one or more of the following reasons: (1) operating at an inordinately

elevated pressure; (2) operating at a very high temperature; (3) the need for expensive processing
vessels and equipment that require the external supply of hydrogen under extreme conditions; (4)
being subjected to a mixture, or composition, of two or more reagents, catalysts and/or
promoters, which are frequently highly toxic and are neither renewable nor recyclabie; (5)
requiring to supply a special form of energy, e.g., micrﬁwave radiation; (6) long process times
for partial liquefaction, solubilization or extraction; (7) requiring extraordinarily fine particles
with a size of about 200 mesh (0.074 mm), which is profoundly difficult and costly to
manufacture and handle; and (8) being incapable of recovering and recycling the necessary
reagents, catalysts and/or promoters. Thus, there exists a need to provide additional technigues

and processes for the increased recovery of hydrocarbon materials.

{005] For primary drilling operations, it would be advantageous to employ a process that would

enhance solubilization and encourage movement of additional or trapped hydrocarben-



providing a first liquid-comprising a turpentine liquid; contacting said hydrocarbon-containing material
with said turpentine liquid such that an extraction mixture is formed and a residual matter is formed,
the extraction mixture comprising at least a portion of the hydrocarbon-containing organic matter and
the turpentine liquid, the residual matter comprising at least a portion of non-soluble material from the
hydrocarbon-containing material that are not soluble in the turpentine liquid; separating the extraction
mixture from the residual material; and separating the extraction mixture into a first portion and a
second PO N LIRIPOUIRN BN GRACHAN TRNLEGOMBLANG RN QaIRR0 PragHSL yean
comprising atleast’s portion of the hy&rocar on-containing organic matter, the second portion of the
extracti ixt IS 10 . ine liguid, j I ine. liquid
Compris B B BB e L b R gpect,
there is prayidad.aiMaibo Sl RXRRINCL I ARIOANARNIBINAG raRNIe VR HIRALA primary
hydrocarbon-containing material, comprising the steps of: providing a first liquid comprising a
turpentiﬁﬁlﬁggig}:)&gmﬂlging said hydrocarbon-containing material with said turpentine liquid such that
an extraction mixture is formed and a residual matter is formed, the extraction mixture comprising at
least a portion of the hydrocarbon-containing organic matter and the turpentine liquid, the residual
‘matter qoOHIrigingsatdadsteapo ieikof aomsoloblehaienal-§roperthiedy drecakddr-edviainiagmaterial
that are not soluble in the turpentine liquid; separating the extraction mixture from the residual
materiakoastpteparptingsthéextradt ambmixitise liritdi zaficst pdotion and wsbeddapertienpthmifist portion
of the extraction mixture comprising a hydrocarbon product stream comprising at least a portion of the
hydrocashpmicontaiaing diganicmiattér, shesmeoribapostiortodieet exdadiv donixuredcomgridhag at
least a portion of the turpentine liquid wherein the turpentine liquid comprises a-terpineol and
[3-terpinestrwhereiWite rdfisidfatmibinisoktd 1@mppiiavisisaisiest fedidry operations, current

methods suffer due to expense of operations in comparison to the value of the produced

hydrocarbon-containing organic matter.

SUMMARY

[006a] In a first aspect, there is provided a method of extracting hydrocarbon-containing organic

matter from a hydrocarbon-containing material, comprising the steps of:

providing a first liquid consisting essentially of a turpentine liquid alone or a
combination of a turpentine liquid and a turpentine-miscible second liquid

wherein the combination contains at least 50% turpentine liquid;

contacting the hydrocarbon-containing material with said first liquid such that an
extraction mixture is formed and a residual material is formed, the extraction
mixture comprising at least a portion of the hydrocarbon-containing organic
matter and the first liquid, the residual material comprising at least a portion of
non-soluble material from the hydrocarbon-containing material that are not

soluble in the first liquid;



[006d] In a fourth aspect, there is provided a composition for use in the method as defined above, the
composition comprising at least 30% by volume of a-terpineol and at least 10% by volume of
f3-terpineol. [006e] In a fifth aspect, there is provided a method for recovering hydrocarbon-containing
organic matter from tar sands, the method comprising: obtaining tar sands comprising recoverable
hydrocarbon-containing organic matter; providing a first liquid consisting essentially of a turpentine
liquid alone or a combination of a turpentine liquid and a turpentine-miscible second liquid wherein the

combination COntainssé}SA{-’aﬁ’ﬁltgﬁgg/%wﬁ%ﬂQﬁiﬁ&?&%—&%tﬂg%m&?xﬂg{éiﬁaﬁoﬁ}@ining terpineol;

supplying the tar sand samplé to a contacting vessel, said contacting vessel comprising at least one
inlet for supplying the turpentine liquid; contacting the tar sand sample with the turpentine liquid in a
contacting vessel and Rt A& TEPLARPUAHIR &V h Tr RAFHERENRE AGERLRATHOR taction
mixture is formed ang@tiesidifatipatetiatisdomienréheoexiradiio n mhixdisescomppsidgeatdeasha portion
of the hydrocarbon-containin orgznic mattietr andft e tHIJ;]Hentinéa Iigtuidt, the residual magI rialt
comprising at least a‘f:%?ﬁﬁ‘ﬁ‘ AorE AR H A AT S TRe AP LAl e thAEI S ot Solubie l%ﬁe
turpentine liquid, saicseantdgiingores$etheomprising aticast eoejnisinforasUpplyingpartvrpeiitihe liquid;
separating the extracgonem%te%e Jlr{%)m the residual material; separating the extraction mixture into a
hydrocarbon product Stieam and a urpentine liquid recycle stream, the hydrocarbon product stream
comprising at least a portion of the hydrocarbon-containin ro%gfga\nic matter from the tar sands; and

a

recyclingaehedst & prsaishaspesk Wrsertimetdled eayrtoselartigthrecBrisRimbosspniiEgin said
turpenting, ligiiicheREpRIRES BARRINEON RBF EniRIPIRERkal, comprising the steps of: -

providing a first liquid comprising a turpentine liquid;

contacting said hydrocarbon-containing material with said turpentine liquid such that
an extraction mixture is formed and a residual matter is formed, the extraction
mixture comprising at least a portion of the hydrocarbon-containing organic
matter and the turpentine liquid, the residual matter comprising at least a
portion of non-soluble material from the hydrocarbon-containing material that

are not soluble in the tarpentine liquid;
separating the extraction mixture from the residual material; and

separating the extraction mixture into a first portion and a second portion, the first portion
of the extraction mixture comprising a hydrocarbon product stream comprising at
least a portion of the hydrocarbon-containing organic matter, the second portion

of the extraction mixture comprising at least a portion of the turpentine liquid,

wherein the turpentine liquid comprises at least 30% by volume o-terpineol and at least

15% B-terpineol.

3a



[0061]In a sixth aspect, there is provided a method for recovering hydrocarbon- containing organic
matter from comminuted hydrocarbon-containing oil shale, the method comprising: providing the
comminuted hydrocarbon-containing oil shale; providing a first liquid consisting essentially of a
turpentine liquid alone or a combination of a turpentine liquid and a turpentine-miscible second liquid
wherein the combination contains at least 50% turpentine liquid; filtering the comminuted
hydrocarbon-containing oil shale; feeding the crushed hydrocarbon-containing oil shale to a contacting

vessel, {ogeconiagingeaseleomprising atieast anlRllioy supphita, lne ARG ihithig the

contacting vessel; contacting the commi uted hydrocarbon-containing oil Shale with turpentine liquid
such thargimiextraittioirmistiyeris s feePaiai B B rIerA nIBHER BT ENaEPSHE extraction mixture
comprising at least a portion of the hydrocarbon-containing organic matter and the turpentine liquid,

the resigualimaies gt oRpiYngRideast apentias pfuen-soluble material from the oil shale that is not
soluble in the turpentine liquid separating the extraction mixture from the residual material; and

separaling %y dL0F RN ARNIRINNG AlPRIe MAl'R MG MURRR'RRIAUL he fxtvaction
mixture 10 proof1 ea h)}f rocarbon prod1u0t tream and a turpentine hqw recycle stream, the
hydrocarbon pestiecistresintoenmprisingdtdedst agsoitbnmodithe isydrosedb e coritaphiviy organic
matter from the, e Duiet BNErgeathan.CoRtang ol shale A ieCYSHRs ycagiiportion of the
turpentine liquid recycle streamo the contacting step. [006g]In a seventh aspect, there is provided a
method for rec@@g@h@lﬁgﬁmggﬁpe liquid, the residual matter comprising at least a portion

of non-soluble material from the hydrocarbon-containing material that are not

soluble in the turpentine liquid;
separating the extraction mixture from the residual material; and

separating the extraction mixture into a first portion and a second portion, the first portion
of the extraction mixture comprising a hydrocarbon product stream comprising at least a
portion of the hydrocarbon-containing organic matter, the second portion of the

extraction mixture comprising at least a portion of the turpentine liquid

wherein the turpentine liquid comprises o-terpineol and B-terpineol, wherein the ratio of

a-terpineol to B-terpineol is at Jeast 1.3:1.

[006d] In a fourth aspect, there is provided a composition for use in the method as defined
above, the composition comprising at least 30% by volume of o-terpineol and at least 10% by

volume of B-terpineol.

3b



containing organic matter from hydrocarbon-containing coal rich sub-surface formation, the method
comprising: obtaining coal , said coal comprising a recoverable hydrocarbon-containing organic
matter; grinding the coal to produce crushed coal ; filtering the crushed coal ; feeding the crushed coal
to a contacting vessel, said contacting vessel comprising at least one inlet for supplying a turpentine
liquid to the contacting vessel; contacting the crushed coal with a first liquid consisting essentially of a
turpentine liquid alone or a combination of a turpentine liquid and a turpentine-miscible second liquid

whereln fog o binaR L oniaie. Al 1R3slos8G W RAONDE ALk o SdRGtIQD-RIKHLE 1o
formed and a residual material is formed, the extraction mixture comprising at least a portion of the
hydrocaetgsie ormaasifgroligaredndhe refhedromnssngne liquid, the residual material comprising at
least a portion of non-soluble material from the coal that is not soluble in the turpentine liquids;
separating the residugbmiatesiahiraamie exiasiionemixivre; e Sepakalibehtbentaining organic
hydrocarbon-containing organic matter from the turpentine liquid to produce a hydrocarbon product
stream and a turpentfft t'i?&i’uid recycle stream, the hydrocarbon product stream comprising at least a
portion of the hydrocarbon-containing organic matter from the coal ; and recycling at least a portion of
the turpentine liquid resycirstredirstditivadcomsisting stepntipdochila furagiink dgpstelimeretigiprovided

a method for increasing fecavery of hydrosaban-toniaining 9reanismARtsrIae apmaudinmwell

coupled to a hydrocarbon-containing sub-surface formation, the subsurface foimation comprising
hydrocarbon-containigsisieig] SERebiRaing FewiriprisingaprSUdinuesniHje dirsndnair BHRFMIBRtON
being in fluid communpigationwithithesyhrsyrface formation; :

supplying the tar sand sample to a contacting vessel, said contacting vessel

comprising at least one inlet for supplying the turpentine liquid;

contacting the tar sand sample with the turpentine liquid in a contacting vessel
and agitating the tar sand sample with the turpentine liquid such that an extraction
mixture is formed and a residual material is formed, the extraction mixture
comprising at least a portion of the hydrocarbon-containing organic matter and
the turpentine liquid, the residual material comprising at least a portion of non-
soluble material from the tar sands that is not soluble in the turpentine liquid, said

contacting vessel comprising at least one inlet for supplying a turpentine liquid;
separating the extraction mixture from the residual material;

separating the extraction mixture into a hydrocarbon product stream and a
turpentine liguid recycle stream, the hydrocarbon product stream comprising at
least a portion of the hydrocarbon-containing organic matter from the tar sands;

and

recycling at least a portion of the turpentine liquid recycle stream to the

contacting step;

wherein said turpentine liquid comprises a-terpineol and -terpineol.
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providing a first liquid, the first liquid comprising a turpentine liquid coilsisting essentially of terpineol;
injecting the turpentine liquid through the injection well and into the formation, wherein the turpentine
liquid and the hydrocarbon-containing organic matter from the hydrocarbon containing sub-surface
formation form an extraction mixture comprising at least a portion of the extraction mixture
hydrocarbon-containing organic matter and at least a portion of the turpentine liquid; recovering the
extraction mixture from the formation through the production well; and separating the extraction
mbdure to pipgice a flydrasagpon praduct stream and-a WrReRing nisLsiieam, A7l ageordance
with one embodiment of the present disclosure, method o extracting Fly roca on)icontalnlng organic
matter fronrentaidine arigemcorttinifrgmatenainirel led deerbeepwofrmgdiigshalrsthinidindluding a
turpentine I&%gﬁsqggpontacting the hydrocarbon-containing material with the turpentine liquid such
that an extraction mixture is formed, as well as residual material. The extraction mixture contains at
least a portion of the hydraocarbon-containing organic matter and the turpentine liquid. The residual
material includes norPEBTiERE mﬁﬁﬁﬁwgﬁg’%%%%ﬁ%%m&ﬂ%ﬂ‘%terial. The residual material
can also includes a reduced portion of the hydrocarbon-containing organic matter in the circumstance
where all such hydrogarbaimgomtéininggmdteiadiktas: nest beehl ol bilizackbiyrih é qurd exime diqaid and
moved into the extraction.mixture. -The.resi materal is; the : t fion mixture.
The extraction mixturgéllgl%h%ﬁéllr{ sg{:);gratt{le?g‘%%t{(? %51 %@s@%o%%nqagﬁgg%%%%%oggcgég?%ﬁ%ortion of
the extraction mixtureriheiciddbeechydinaaebenprogutiease diabiupimeingbgudieast a portion of the
hydrocarbon-containing organic matter extracted from the hydrocarbon-containing material. The
second portion of thefaxiraetian LoisiIeuteeIHAas Atleadanpmieafstheturpentine liquid. In one
embodiment, substantially all of the turpentine liquid is recovered in the recycle stream. [8] In another

embodiment, substa i(?(q‘ aI!h dro arab nscontaining grganic matter is extracted into the extraction
mixture. In such embrge |rr¥le%1 F%%r?%%? u%idﬁ%?é%% sc%l%aes% r??ﬁaﬁo??ﬁﬁé’eaa%o ggﬁlﬁevﬁﬁt%ﬁé)% Used or
disposed without impactttsting erssForrmamisi BRIERBESC RIPTIO NugHyTiHEHD RwHNG Sig@fiFigure 1
is a schematic for ong embodiment.af.an.apparatus for he recovery of hydrocarbons from tar sands.

H =)

[0010] Figure 2 is a schematic for one embodiment of an apparatus for the recovery of hydrocarbons

from oil shale. . . o ] . )
contacting the comminuted hydrocarbon-containing oil shale with turpentine

liquid such that an extraction mixture is formed and a residual material is formed,
~ the extraction mixture comprising at least a portion of the hydrocarbon-containing
| organic matter and the turpentine liquid, the residual material comprising at least
a portion of non-soluble material from the oil shale that is not soluble in the

turpentine liquid
separating the extraction mixture from the residual material; and

separating the hydrocarbon-containing organic matter from the turpentine liquid
in the extraction mixture to produce a hydrocarbon product stream and a
turpentine liguid recycle stream, the hydrocarbon product stream comprising at
least a portion of the hydrocarbon-containing organic matter from the

comminuted hydrocarbon containing oil shale; and

recycling at least a portion of the turpentine liquid recycle stream to the

contacting step.
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[0011] Figure 3 is a schematic for one embodiment of an apparatus for the recovery of hydrocarbons
from coal. [0012] Figure 4 is a schematic for the enhanced recovery of hydrocarbons from a
subsurface reservoir. WO 2009/038728PCT/US2008/010831 DETAILED DESCRIPTION OF THE
INVENTION [0013] In one aspect, the present invention relates to a readily deployed composition for
the extraction, liquefaction and/or solubilization of fossil fuels from coal, oil shale, tar sands and the
like, as well as from reservoirs. [0014] According to one embodiment, a method is providing including
the steps of liquefying, solubilizing and/or extracting hydrocarbon-containing organic matter from a

hvdrocarbogrm]tainiﬂg Mmatetigh suchasifer-exapipled&ral Hlaha!fotak SaRGHOh AIFESEHIRI

containing heavy crude oil, crude oil, natural gas (which frequently coexists with crude oils and other
said fossil FEREN IS ROESHRISIRAIGH m&dW&%%ﬁ@éﬁéﬂﬂ{@I%gﬁhTéW%?e@ﬁﬂ%és,ﬂl?ut is not
limited to, hgaysErudeRiingrude oil, natural gas and the like. Hydrocarbon-containing organic matter
can be solid, semi-solid, liquid, sludge, viscous liquid, liquid or gaseous form. Other materials that are
suitable hydrocarbongentaining materials o, reament,ysing e mefliod, of s Javertion include
liquid and solids that ?nc?ude%y PScarbon-con ainlngpmar%grials 53 Well 8s a residual matarial.>
Exemplary hydrocarbogasontaatizrg materials can also include oil tank bottoms, oil pit or pond sludge
and slurry mix, discarded foods, manure, sewage sludge or municipal garbage. Liquefying, solubilizing
and/or extracting the hycpeaiRonsQ0RiaIRIRGOreRRIkMater includes the step of providing a turpentine
liquid, contacting the hydrocarbon-containing material with the turpentine liquid so as to extract at least
a portion of said hydrggarboq-cont%in%ﬁoqganic matter from said hydrocarbon-containing material into
said turpentine liquid o &B&HESH SAF4SH8h mixture that includes the hydrocarbon-containing organic
matter that has been removed from the hydrocarbon-containing material and the turpentine liquid, and
separating the extracfesfigthficmmrdcintte epetatiies ivisiglrets apyiresitetsaeheona oS
extracted. Turpentine,liquid GaN;NCIYdeaRAMAUNE LS SRIRNAQL NAMALY M Bng vessel;
2009/038728PCT/US2008/010831 occurring turpentine liquid includes an amount of terpene. In one
embodiment, the turpentine_liqui inclufijti:req ??-{gjpine,ol. OOé%Slrmcertain embodiments, i)hye ratio of
turpentine liquid to hytH8esBEn o iR % eridl ’i@ggie & hHHDIPRBRISTRS ABTTHEY aft 2:1, in
some embodiments gigptatikdiyoldesuad ter abauhtikrantasomergimbiidintenid thaugtioican be
greater than or equal to 2:1 In embpdiments relating the reservoir recavery, the ratio can be. greater
than or equal to abou’fnff:f,&lfns ‘fﬁ“éfrg memvg}(])eélerlﬁle%%escroel a Fﬁ% 1t°onr(é%%?\}%Slrg;elgg%e%kg%?e%%gng%n be
greater than or equalliquadeutidtiatForquinpose ofispplicatiomed avéservaingporeavalumbisiesed to
determine an estimatgdl MeaRhes sl Dudigsahenqaeiingmatetal inibenasRsgiaghine
invention, such as in the use of tar sands and coal'and oil s ale, volume of the hydrocarbon-containing
material can be morecdgastynritasmethqOobentmeEaaith dmbetditvantsitechel mimminnoagdenst matter
contained in the hydrgcaghon-spRialagHpaerAlissgraate HAnl RUALRBROH A2 byesight, in
other embodiments greater than or equal to about 10% by weight, and in still further embodiments
greater than or equalf@W#sut 14% by weight of the hydrocarbon-containing material.

separating the residual material from the extraction mixture; and

separating the hydrocarbon-containing organic matter from the turpentine liguid
to produce a hydrocarbon product stream and a turpentine liquid recycle stream,
the hydrocarbon product stream comprising at least a portion of the hydrocarbon-

containing organic matter from the coal ; and

recycling at least a portion of the turpentine liquid recycle stream to the

contacting step.
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[0017] In one embodiment of the invention, a liquefaction, solubilization or extraction reagent of choice
for the hydrocarbon-containing matter is a natural, synthetic or mineral turpentine, which can include
a-terpineol, or a-terpineol itself. [0018] In certain embodiments, the liquefaction, solubilization and/or
extraction of fossil fuels or hydrocarbon-containing organic matter can be carried out at a temperature,
which is within the range of about 2C to about 300C. In certain embodiments, the organic matter or
material is contacted with a turpentine liquid at a temperature of less than about 300C, or less than
about WO @Q81038728P CGI/AI52098(010831 606, Iyeier sbagmens. ngilguelaction o
solubilization and/or extractioh temperatures can be within the range of about 20C to about 200C. The
pressure uhderogtkmthRIvER ISRz AR anusuesiernctidh shiisdittuelBydesBE®arried out
may typically he;ithinthasange obabatil Qrd04,5aserls (Rhaiis) RahpHiROARRaseals (S0.0
atm). In certain embodiments, the process can be conducted at a pressure between about 5.0x104
Pascals (0.5PBiFH) S A6t e osthetsediPi W Eitm). In certain other embodiments, the fossil fuels or
hydrocarbon-containing organic matter to be liquefied, solubilized and/or extracted by inunersion in, or
contact with, one or rpareidirpentingditpridsedin daglimibeaitor eofzab 8didfopatticlesapiecesthcihunks or
blocks of fossil fuels whose aiczee oaret}/gi&,hin the range of about 0.74 mm to about 10 mm in a
liquefaction, solubiliz8Hon Bréxtraction vessel (reactor hereafter) that contains one or more of the said
liguefaction, solubilization and/or extraction reagents. In certain embodiments, the sizes of the
particles, pieces, chuPiey e Gckesbhiesudiltheels s AAaWdHiATRE g e teregptne Qw9 PRRYIGEmesh) to
about 20 mm. In certaiRLy imenis.cte bed of particles, pieces, chunks or blocks of fossil fuels is
agitated by passing the liquefaction, solubilization and/or extraction reagent or reagents in the form of
liquid through the bed of particles, pieces, chunks or blocks by boiling the reagent_ or reagents. In
certain embodiments,mf]r? tﬁ’@r fo ﬁ%&%ﬂﬁ@?@%{é\l iﬁ};%ﬁ ecéir?&/g?e@x%@(?%ﬁ |ﬁs1 ](Fe{fweglr?%bout 1
minute to about 90 mirkies THeaninssitifudisGdruiob thattiaitycarfothc ticpasfieg osglubilinatkafidfor
extracted; the degree,of iquelagtion. selubiization, andior. exiragion ean.be.efecled v qaniqling the
operating conditions, such’as temperature, pressure, intensity of agitation ané:c}uratlon of operation,
and/or adjusting the typeprsiatives deagiuntpandoooniCértratiorvodthaikguefhytivreadpiobiliniiion or
extraction reagent or @%&?&%&%J%@E&Q& a\é@%@f?%@@@@ég t&gé%%&gOS/OlOBS’l [00191 The
basis of one aspect of the present invention is the unexpected discovery that when about 500 grams of
the reagent, a-terpineol, were added to about 250 grams_of the 60-mesh sample of coal from the
Pittsburgh seam in WEEATRE RSN eSS BPPBIHER AR The {arap Uit Ressd s BEISFHPREtCHitch black
almost immediately, amnd remained so after several hours. This indicated that the color change was not
due to the suspension of the coal particles, but rather was indicative of the extraction of

pvdrocarbon- containing, giga) GG Mg 53l SRSEAYShib, B hAUly 6 el Jgpineo and
the coal sample was fransfer rom the tray to a capped and ti htﬁ/ sealed jar and was maintained
under the ambient cohdittotisiadstr2@C and slightly less than about 1.01x105 Pascals (I atm) for
about 25 days. The conversion, (i.e., the degree of liquefaction), of the coal sample was determined to
be about 71 wt. % after filtering, washing with ethanol, drying, and weighing. This 71 wt. % conversion
corresponds to nearly all the solubilizable bitumen (organic matter) present in the coal sample whose
proximate analyses are 2.00 wt. % of as-received moisture, 9.25 wt. % of dry ash, 38.63 wt. % of dry
volatile matter, and 50.12 wt. % of dry fixed carbon. A series of subsequent experiments with coal, as
well as oil shale and tar sands under various operating conditions, has shown that the family of
reagents that includes natural and/or synthetic turpentines containing pinenes, and alcohols of pinene,
i.e., terpineols, are inordinately effective in liquefying, solubilizing and/or extracting kerogen (organic
matter), bitumen (organic matter) and/or asphaltene (organic matter) in the fossil fuels, including coal,
oil shale, tar sands, heavy crude oil and/or crude oil, without requiring the aid of any catalyst or
alkaline metals. These reagents, except mineral turpentine that is derived from petroleum, are
renewable and "green," i.e., low in toxicity, and relatively inexpensive, as compared to all other known
liquefaction, solubilization and/or extraction reagents for the fossil fuels, such as tetraline, xylene,
anthracene, and various solutions or WO 2009/038728PCTTUS2008/010831 mixtures of these
reagents with other compounds. Even mineral turpentine derived from petroleum, although not
renewable, is relatively low in toxicity and is inexpensive. It was also found that any of the said
liquefaction, solubilization and/or extraction reagents penetrates or diffuses into the particles, pieces,
blocks or chunks of fossil fuels through their pores3 t appreciable rates, thus causing these particles,
pieces, chunks or blocks to subsequently release the liquefiable, solubilizable or extractable fraction in
them often almost nearly completely even under the far milder conditions, e.g., ambient temperature
and pressure, than those required by the recent inventions pertaining to the liquefaction, solubilization
and/or extraction of the fossil fuels, such as coal, oil shale, tar sands, crude oil and heavy crude oil.
[0020] An aspect of the present invention provides a method of liquefying, solubilizing and/or

extracting the fossil fuels or hydrocarbon-containing organic matter from hydrocarbon-containing
matarial <ciich ac ~rnal nil chale and tar eande whaerain a nartion 0of eolid or cemi-enlid foccil filale ic



[0021] In certain embodiments, the turpentine liquid is selected from natural turpentine, synthetic
turpentine, mineral turpentine, pine oil, a-pinene, fl-pinene, a-terpineol, f3-terpineol, yterpineol,
polymers thereof, and mixtures thereof. In certain other embodiments, the turpentine liquid is selected
from geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2- pinane hydroperoxide,
terpin hydrate, 2-pinanol, dihydromycenol, isoborneol, p-menthan-8-ol, a-terpinyl acetate, citronellol,
p-menthan-8-y1 acetate, 7-hydroxydihydrocitronellal, menthol, and mixtures thereof. In other

embodimgnls. e RaINE AU el TomANERle: 0. R00303R7PBRCTIRRO08I010031

camphe cymene, anisal ,7-dimethy1-1,6-octadiene, iIsobomyl acetate, ocimene,

alIoocin}g;a@@@g}gggjgaﬁ&?nﬁl%%@&i@'{HQEQP%&%dl%ﬁ&)é?ﬁ@n%@%ﬁ%ﬁgtmeﬁa["&@%&itfﬁé,

7-methoXydihydro-citronellal; 10-camphorsulphonic acid, cintronellal, menthone, and mixtures thereof.

[00221 AecerdingdeianAsnssh Saiid Hraemisaligipsathilala.er %ﬁ%&u@sﬁﬁa@%@e@mm

materials, such as coal, oil shale, tar sands and heavy crude oil, or for example oil tank bottoms, oil pit

or pond &lkagan discasHecfaRdR: MANMIG SRYRISRINAIR A BrunisinaleaiadR, [akbeprovided in
any size that facilitates contact with a turpentine liquid. The fossil fuels or hydrocarbon-containing

materialgsCRRiBgprayises] asRakicas Riesesueh woksiel blorks: tophexampie, dasgs dregments or
pieces of coal or oil shale. According to a certain aspect of the invention, the fossil fuel or
hydrocagbaniahiaigng naietiaddd pevidpehasdrgticiesTkeaaiding imadsiiathdspachabliise
invention, the patrticles of fossil fuel or hydrocarbon-containing materials have an average particle size
of from abetid). Gddndn o-d@boaubiHQenminincettadn Oth&the mizodlinhenisgrthe qartible sroffdssH fuel
have an average particle size from about 0.074 mm to about 25 mm. [0023] According to an aspect of
the presexdtirdgntiton afsbediydriqaichcaneiatged daniheritpentihe diguich steecerdhgetalissedrtain
aspect of the invention, the second liquid can be selected from lower aliphatic alcohols, alkanes,
aromatidydatipirhtic-eminies)aroaaiid hasimes bearberiubiBinéid &kt mixpartis¢haredf aBkenoptary
mixtures include solvents manufactured in petroleum refining, such as decant oil, light cycle oil and
naphtha, or solvents manufactured in dry distilling coal and fractionating liquefied coal. WO
2009/038728PCT/US2008/010831 [0024] As used herein, lower aliphatic alcohols refers to primary,.
secondary and tertiary monohydric and polyhydric alcohols of between 2 and 12 carbon atoms. As
used herein, alkanes refers to straight chain and branched chain alkanes of between 5 and 22 carbon
atoms. As used herein, aromatics refers to monocyclic, heterocyclic and polycyclic compounds. As
used herein, aliphatic amines refers to primary, secondary and tertiary amines having alkyl
substituents of between 1 and 15 carbon atoms. In certain embodiments, benzene, naphthalene,
toluene or combinations thereof are used. In another embodiment, the lower aliphatic alcohols noted
above can be used. In one embodiment the solvent is selected from ethanol, propanol, isopropanol,
butanol, pentane, heptane, hexane, benzene, toluene, xylene, naphthalene, anthracene, tetraline,
triethylamine, aniline, carbon bisulfide, and mixtures thereof, at a temperature and pressure operable
to maintain the solvent in liquid form. [0025] In certain embodiments, the ratio of turpentine liquid to
any other turpentine-miscible solvent contained in said fluid is greater than or equal to 1:1, in certain
embodiments greater than or equal to about 9:4. In certain embodiments, the ratio is greater than or
equal to about 3:1. In yet other embodiments, the ratio is greater than or equal to 4:1. [0026] According
to an aspect of the present invention, the fossil fuel and the turpentine liquid are contacted at a
temperature of from about 2C to about 300C. In certain embodiments, the fossil fuel is contacted by
the turpentine liquid at a temperature of less than about 200C. [0027] According to a further aspect of
the present invention, the fossil fuel and the turpentine liquid are contacted at a pressure of from about
1.0x104 Pascals (0.1 atm) to about-5.0xl 06 Pascals (50 atm). According to an aspect, the method is
executed at a pressure of from about 0.5 atm to about 8 atm.



WO 2009/038728PCT/U82008/010831 [0028] According to an aspect of the present invention, the
method further includes providing an extraction vessel within which the solid or semi-solid fossil fuel is
contacted with the turpentine liquid. According to an aspect, agitation means can be provided whereby
the fossil fuel and the turpentine liquid contained within the reactor or extractor vessel are mixed and
agitated. [0029] According to an aspect of the present invention, the fossil fuel and turpentine liquid
can be incubated in a holding tank so as to prolong their time of contact. According to a further aspect,

the degree.qf liqueiaction.salbilizationandion axiacionds sonteled sy the ienathgf ime.tle solid or

semi-solid fossil fuel is in contact with the turpentine liquid and/or the temperature of the mixture of the
 fossil fughand turpsntingguid: f00R9] Asarding.{o amAsResiaf the RreseRtipyamtion thedagsil fuelis

contacted with a heterogeneous liquid including a turpentine liquid and water as an agitant. [0031] In

certain gpegligrantssthectatiombiurentiogctuiciarsaients grrtarthamanadualig.ahowai k by
volume, to avoid slurry formation, which may render separation of the extracted organic matter in the

turpentipgrignigrerntaining: fBod difficiitn 0032014 ecateing tactn aspeehoh laeoprasent dnvantign, the
fossil fuel is contacted by the turpentine liquid in the presence of an energy input selected from thermal
energy in£xegss ohababsdortpressiuidneexaessohbraiminticieway eeastergyortirasahihenergy,
ionizing radiation energy, mechanical shear-forces, and mixtures thereof. [0033] According to an
aspect ofifhepieseptdvdntior, adigdéiactionubstsatiabiiziitiontbatalyshispridyide ds teetheemiktore of
fossil fuel and turpentine liquid. WO 2009/038728PCT/US2008/010831 [0034] According to an aspect
of the praseatyiciventiom. the reaction or solubilization mixture is supplemented by the addition of a
compound selected from hydrogen, carbon monoxide, water, metal oxides, metals, and mixtures
thereof [0035] According to an aspect of the present invention, a microorganism is included in the
reaction ef&olibilenatlss borimSetecUERaRtizlY bethdsy FercaslamnsrntaviRe ERinRIEAY Bxygen
cross-links, in the hydrocarbons of fossil fuels and other hydrocarbon-containing materials are broken
by biotr&XtFAEAE WA BcrmiEdpe tHefepHlicUhcERoHBIRb I it Il BIHGEAR AE 888 from
naturally occurring isolates derived from hot sulfur springs. The breaking of these select chemical

bonds At thE e O B S Re0 R RS b BHESH ERRAUR) S\H’a"wmdrocarbon-containing

materials.
BRIEF DESCRIPTION OF THE DRAWINGS

[009] Figure 1 is a schematic for one embodiment of an apparatus for the recovery of

hydrocarbons from tar sands.

[0010] Figure 2 is a schematic for one embodiment of an apparatus for the recovery of

hydrocarbons from oil shale.

[0011] Figure 3 is a schematic for one embodiment of an apparatus for the recovery of

hydrocarbons from coal.

[0012] Figure 4 is a schematic for the enhanced recovery of hydrocarbons from a subsurface

TESEIVOIr.



[0036] Still other aspects and advantages of the present invention, it will become easily apparent by
tho;e skill_ed i&z@%@gﬂéﬂi?{@ this_description, wherein it is shown and des%ipfsgzg&%%%?mboqment_s of
the invention, simply by way of illustration of the best mode contemplated of carrying out the invention.
As will be realized, the invention is capable of other and different embodiments, and its several details
are capable of modifications in various obvious respects, without departing from the invention.
Accordingly, the description is to be regarded as illustrative in nature and not as restrictive. [0037] In
accordance with one embodiiamtibEI@BreFSAT Hve Aot INEENGTI{3Nprovided for extracting
hydrocarbon-containing organic matter from a hydrocarbon-containing material comprising a viscous
liquid, quu'ﬁ seous fossil fuel material. The method provides a first liquid that includes a
trpentine T T A R RS PR e R e o e BT A el st in
an underground Sarmatien crnkiRing fBif AR5 it ekmateralo VP 8 YIRS 1L 8R G 4hiRr008/010831
thereby forming an extraction mixture so as to extract hydrocarbon-containing organic matter into said
turpentineliguid aslt fofrmnarsextoastion liquid. The extraction liquid is removed from said formation,
wherein the extraction liquid includes the turpentine liquid containing the extracted

hydrocarbgn-containing organic matter. The extracted hydrocarbon-containing organic matter is
ceparatect O £ FEUHTAI e T ROFISHlr AcRier e REMBE o R UF RERIGY S8R Ring said

extracted QMGB%%EE%%@Q@LH&? He-Jupsatagdaid- Jhg.yiscousiquid. Jod.er.aageous fossil
fuel material can be heavy crude oll, crude oil, natural gas, or a combination thereof. The underground
formation gaaibm @ GRIGRIONIES R B QhAIALUEA], 0 JRSEN@Ikhat, exasnRienf0 38k present
invention can be deployed readily in-situ to liquefy and/or solubilize directly the fossil fuels in
undergroumahfprmidtions cendd ektratirth easdsdiibhgitquidtyroctusts frsmosutshofbrandtitires. SE939] An
extraction reagent of the present invention is a liquid, which has a very strong physiochemical affinity

with bitumfRIs rga i SRBmARRIRTY bitMErr RAR G AHR S 8P G reB it BefafidiPshile and tar
sands. When the, extraction reagent.of the present invention.and hituminaus organic matter comprising
mainly hycﬁlrcgcl%:r Itgél(éoéglr%ag ’.’n%%e?rébf{ ?:%ﬁ%a%l?’wl}%u (reaé aso?ﬁgﬁgﬁ]gk gfgngp iC matter ?Q%P\[/%% into the
extraction seagRhatdhe.Rresesidnientiond tgledyslidee Vina. I QIeanic e Adpgmmgontact, the
hydrocarbons and the extraction reagent of the present invention rapidly form a homogeneous
solution, i.8ther onsephlasehiiqaid. JOOER] Hyibr@agsiblecteatakg achtatirgboftenphysisasciiemical affinity
between the extraction reagent of the present invention and the bituminous matter for enhancing oil
recovery froffied teerisieationdarmdesharcomditiobids thifansiise avdicameracsirinpesepisitifes applied
to-date in WO ?009/63§ga%8PCT/P%2008(01 83

as well as a res1 material. Exempiary hy

}ocarbon-containing materials can also include oil
tank bottoms, oil pit or pond sludge and slurry mix, discarded foods, manure, sewage sludge or
municipal garbage. Liquefying, solubilizing and/or extracting the hydrocarbon-containing
organic matter includes the step of providing a turpentine liquid, contacting the hydrocarbon-
containing material with the turpentine lquid so as .to extract at least a portion of said
hydrocarbon-containing organic matter from said hydrocarbon-containing material into said
turpentine liquid to create an extraction mixture that includes the hydrocarbon-containing
organic matter that has been removed from the hydrocarbon-containing material and the
turpentine liquid, and separating the extracted organic matter in the turpentine liquid from any

residual material not extracted. Turpentine liquid can include an amount of terpineol. Naturally



oil reservoirs resort mostly to the so-called frontal displacement method. This process is strictly
controlled by r istics of the multi-phase fluid flow in a porous medium. This tends to leave a
large portion,nglf?é%p‘%(%gé%ing about 40% of the original oil, unrecoveredlfcg\%%(fgsrﬂ{wgngood" low
viscosity oil reservoirs. The extraction reagent of the present invention enhances oil recovery by
overcoming the complex behavior of the multi-phase flow prevailing under in-situ conditions. [0041]
The present invention takes advantage of the very strong physico-chemical affinity of the turpentine
liquid. [0042}uDing methoricolidhal preisdat snveniion dijegienan extractimhodagentief theeptasent
invention into an oil or natural gas reservoir through an injection well. [0043] Oil is dissolved into the
extraction fedg Silsafeprigeht invention when the two come into contact in an oil reservoir, thereby
yielding a homogeneous solution, i.e., a one-phase liquid. The extraction reagent of the present
invention gaas Rt IMAN.HRAIARGING OLLAS It RYSlS L g iS INariaRYelb iR s Producer well,
dissolution of previously trapped oil into the extraction reagent of the present invention continues until
the extractiondeagrs i fyly satucatac with4oil. il berealiti dhe-exiEaatiomiaagentdecaross inactive in
the additional oil recovery process and simply flows through the pores of the reservoir as a one-phase
liquid, evehiugiiyl i ehingrabpddenisidie widlh: (8044] rtwtcfobenimaeillabiatel thresmbpboifivs
embodiments of in-situ methods for oil recovery of the present invention, WO

2009/038 TY8IE TAULSOOH/FEOETL (064519173 frseirrsh{PahBsaeht2 20 dt thied 398)tto seven
(7.0) pore valumes of an extraction reagent of the present invention.are injected into an oil reservoir
arency v A R B AL o he
reservoir. Fg.injesdion.phbRIeX ACHRRVERIRIN AN RXRECIs dMRrRslaechaMLAmhagdaitional 41% of
the original oil in the reservoir. This embodiment of the method was experimentally validated, as
describeddfitkxbydmien@2rhangimniel ovat@04 6} tarsepanddfitsluneanbodiseensab ot dveanf2.0) to five
(5.0) pore volumes of an extraction reagent of the present invention are injected into an oil reservoir.
At the out&Bt SIS infdctRsh Buid shoify eirteef Pio duteaet i EIGiiBa sofFR(028) o BY8e-quarter
(0.75) of pg;eec%{olugne %f the extraction reagent of the present invention is injected; thereafter, the
extraction r‘eagé(r?tl oaf“tlﬁe‘present invention in which oil is dissolved, is produced. The majority of the oil
present can be recovered upon injecting between about one and a half (1.5) to three and a half (3.5)

pore volurtiod Brih&ertaiy SMbodiB Rt U RERYE LT SBaNRSr € oAbt REErRFAERR oil in the

reservoir. This.embodiment of the method alsq is.expegimentally validated stescribed in Example
el b e e Nt

injected topiEARKOVGENG ASECRME L QB O, reRekY QliS ARG NENMVISRANS @iln &D:qlBegeservoirs of
the "Orinoco Oil Belt" in Venezuela. The recovery factor with prior art recovery methods is low, ranging
from 10% 4bo624% bihecasiigirfaholhir@udivresetwoirg ffhweiahexpected increase in the recovery

efficiency from these reservoirs with injection of the turpentine liquid extraction reagent of the present
invention ﬁzg& %eﬂ;urlgggn ggé%%régggf Q?QO%E% t;pri%gntal wel ;ﬁ‘%r both éroduc{eors ;%Qderi,?ig‘?cmrs’ and
periodic steam soaking ol ese wells. WE'ZbGarEe T 28B CY RIS F08 O 13831 on o8

choice for the hydrocarbon-containing matter is a natural, synthetic or mineral turpentine, which

can include a-terpineol, or a-terpineol itself.

[0018] In certain embodiments, the liquefaction, solubilization and/or extraction of fossil fuels or
hydrocarbon-containing organic matter can be carried out at a temperature, which is within the
range of about 2°C to about 300°C. In certain embodiments, the organic matter or material is

contacted with a turpentine liquid at a temperature of less than about 300°C, or less than about



[0048] Ultimate recovery of natural gas from a large gas reservoir can be increased with the injection
of an extractio& rea %%7%}: the present invention into a reservoir. The gas Terzuc{%}{(’)rilmfsorm such a
reservoir often Créales dangerously large-scale subsidence on the surfac YorHtE éas]field, e.g., the
"Groeningen" field in the Netherlands. As such, it is necessary that the reservoir pressure be
maintained by water injection. The water injected into the reservoir traps about 30% of the gas in-situ
at high pressure due to the two-phase flow of water and gas through the reservoir with a low
permeabilggdVith sherisigsinmehqmexigagtiatnicageniofdihe prsentinmatianpdhateapped gas in the
reservoir is dissolved in the reagent and flows to the producer wells. By separating the reagent and
gas at theteurfidoe ttheagas o6 shoo\VErsttantbth @18 eTibepresyatacdar whirdethfOdRfatienextraction
methods of the present invention can be implemented after one or more of the known methods for
facilitatingselFpitsetieni spd/er g ieepophiafafusisire bt ciaraad auriaetdrpiadbitsn drm dkecuted.
EXEMPLARY EMBODIMENTS FO C,S\RRYING C%UT TIE)IE INVENTION L)OOSO] Coal [0051] In certain -
embodimdPts® AHtAPStitd &5 Wit rRiRHE< b APBAND RGP anEHS s Ay #Bfn dBCifT8'841 mm (20

mesh) to aRauldI49 MPL0AMEs). andaubsaabsaiy.hesalblized, andigpextiagied, 4.e., liquefied,

by immersing in a turpentine liquid under a pressure within the range of about 1.0x105 Pascals (1 atm)
to about 24105 Rascalebd aiwdisI(saekain othel.pmbodisanisothsctuspantingstiotidcan be natural,
synthetic or mineral turpentine that includes up to about 50-70 volume % of a-terpineol, about 20-40
volume % lofifbtertpineohizndabomd? woitenddotsf disficdmpoviehted Inwketairkemisddhments, the
bed of ground anthracite or WO 2009/038728PCT/US2008/010831 bituminous coal can be agitated
by passindP¥aRFIH IBnh &R A BRI  8RFRTRS ARy FeRnRselt SisCaRYChGotri1%Z0C, or
possibly up to the boiling point of said turpentine liquid. In certain other embodiments, the duration of
Cobizat b B at L o doris A e e T 8740 mimutes,
In certain gmbodpants.Hheisaniastdimsnib ISRk AR ocaEbRBacRNIRIAIAG PIgANIC matter
from coal is less than 5 minutes. [0052] In some embodiments, lignite, brown coal, or any other
low-rank caalsisaonbergnounst thesié Siqasfeiticpfrombdidativd AiSmanr{ddmesizhto dbautath074 mm
(200 mesh), and subsequently be solubilized and/or extracted, i.e., liquefied, by immersing in a

turpentine SfeRfidineHerthepises o dhwpTHclFe Pissere draboor blesked fosgbirs!ylaeittinaBeut 2.0x105
Pascals (2.0 atm). In certain othe bodiments, the turpentine liquid can pe natural, synthetic or
€ .0? a!:r%xf 5?&9 mm I%Eﬂ n:}ﬁ%g&ov?ﬁout Sg én(%.a_ cert%m eg%ocgfl}g% tExe beg 0

. ran
mineral turpegntlne includes about ume % erpineol, abou volume % of

[3-terpineq), And.akout S valuame S Eather campanants. in.athar smbedimentsiihehar,of ground

lignite, brown coal, or any other low-rank coals can be agitated by passing said turpentine liquid at a
temperatugelibithetkangeibe tyeaniab oeHeSGandabruh | 3QCHah padsibly updaihedbdigrpoint of said
turpentine liquid. In certain other embodiments, the solubilization and/or extraction, i.e" liquefaction,
can be witbétiolkss IiGsnibtes aobidske bE Galing ths répgert riircegpipdimeprtainsabasimintsime for the
extraction of hydrocarbon-containiwgamc matter from coal is less than 5 minutes. [0053] Oil Shale

[0054] In dBREARNPERIIAIEREL 81 TURLEY S RS W28 STSIFSThEP S rh BB 19.29% ' mm (40
mesh) to Q47,0 (400 Fes A SUPSEAMRIIY . Selubileed AR AL HIRCIER, L o Yefied. by
immersing in a turpentine liquid under a pressure within the range of about 1.0x1.05

degree of liguefaction, solubilization and/or extraction can be effected by controlling the

operating conditioné, such as temperature, pressure, intensity of agitation and duration of

operation, and/or adjusting the type, relative amount and concentration of the liquefaction,

solubilization or extraction reagent or reagents in the reactor.



WO 2009/038728PCT/US2008/010831 Pascals (1 atm) to about 2.0x105 Pascals (2.0 atm). In other
embodiments r ine liquid can be natural, synthetic or mineral i jncludes about
70-90 vqume‘&?%‘fa}g{%?g%eol, about 5-25 volume % of (3-terpineol, an aggj&?@%i%r%e % of other
components. In certain other embodiments, the bed ground oil shale can be agitated by passing said
turpentine liquid at a temperature in the range between about 80C and about 130C, or possibly up to
the boiling point of said turpentine:liquid. In other embodiments, the solubilization and/or extraction,
i.e., liquef§iion Tbarrie within afysut G0Imipstes tovabtut 80mimtascirdcistairreibodients, the
contact time for the extraction of hydrocarbon-containing organic matter from oil shale is less than 5
minutes. [BFSS ISP ERRIS [HT56rERmbetiiPBAMb OUFetsdds 3BPISeAnBEDAE KRR tth6s8izes ranging

from about 25.4 mm (1 mesh) t9.4.76 mm (4 mesh), and subsequently be solubilized and/or extracted,
o g, AT e HRRAAE Toth o BF o R0 AP IAL Rl 1 0xa. 05

Pascals (AN 0. 9RPUL & PHACPRAECHS (2 AT N HEE SR 8RS  YRRC L uid can be

natural, s ¢ or mineral that includes containing about 40-60 volume % of a-terpineol, about 30-50

volume %;gpdiPsiter pinant, fIvphuang M 2f Rtaned /arkk: piRsne; anerakoid bpdaluette AlHihess
components. In another embodiment, a ground oil shale bed can be agitated by passing said
turpentineitidigithat afethperaturgin thé tndgedbiwesriaabugt 6@@andratbout®C thr puskibly up to
the boiling point of said turpentine liquid. In other embodiments, the solubilization and/or extraction,

i.e., liquefathtnquenthy phinihimEssaCLo-fHinafes wl dhotrB eammties. fansErahiomdbeiments, the
contact time for the extractjon of rocarbon-containing organic matter from tar sands is less than 5
inutos. 106 SB0IH8 SRR F A0 BT BUSH (05 CHEh 6 A0S Lo LBt mente
light and mediup, GiHAR PILCARRSRIAIIEEE I Sl IS RYEHI@Es ARNNdGIaLMigservor, for
primary, secondary or tertiary recovery, by injecting about one (1.0) to about five (5.0) pore volumes of
a turpentingdliquididrtberemhosimenthdaivesnmbaut tverZilandakut fauk(4)rere volumes
of a turpentine liquid can be injected. In certain embodiments, the turpentine liquid can be natural,
synthetic ditringrakshrpewithettaclinbtode subeeghdg Olkel Tinetdofmvaspineolregbads 80-40 volume
% of O-terpineol, 10 volume % of a and/or f3-pinene and about 10 volume % of other components. In

certain enfls8BIAR S St HraRI OGP EP PSRN M TR RICER Bt fod sy ARSI With about
one (1.0) tg ﬁb%‘s‘taﬁfé%d%g)%or{ea‘é%'éé@x‘?e% Foater. é%%%l'%% ﬁ”a%ﬂ‘gg%m?{‘% Qf’%" and extra
heavy crude ol can be pro uced in situ. Ie., removed from an unde ground réservoir, for primary,

secondary,giaifttiRereany sty Dy dnieeling, aheutamen(1.Qktnabkputive (&0persyalmes of a
turpentine liquid. In other embodiments, between about two (2.0) and about four (4.0) pore volumes of

a turpentinedigesdveiradeatlinjedied ltaceurtdi neiabodione pigrihiegtvopéiniting heuslovanthe matural,
synthetic or mineral turpentine that includes about 50-70 volume % of a-terpineol, about 20-35 volume

% of 13-tefpMop! Fergstintavinstudoanipral 3ndiRE AEtisHCaBIRAMENGS | GAHEDMET RBSBFSe dRfhonents can
be used in copjunclion Wghi%?Z%%%ég%%g[}%%ﬁlr?&%g‘é"f?&k@%&‘%ﬁj@ggﬁlh a”ﬁ%ﬁ?%g%:’%é&f the recovery

aic 1nen or,
of hydrocar on-contglnlng ordg ma ar sands 1S provi pparatus cludes
turpentine g R ORrMHC 20 ORIIRRAH oS ROHBIGS) @R UBRAN (& iRAbL Ay pentine
liquid to contacting vessel or extraction vessel 110. In certain embodiments, the turpentine liquid
supply cann mE&Lﬁﬂﬁ'imaiI@,Sincluding coal, oii shale, tar sands, heavy crude oil and/or crude oil, without

requiring the aid of anyrcatalyst or alkaline metals. These reagents, except mineral turpentine

that is derived from petroleum, are renewable and “green,” i.e., low in toxicity, and relatively

inexpensive, as compared te all other known liguefaction, solubilization and/or extraction

reagents for the fossil fuels, such as tetraline, xylene, anthracene, and various solutions or



WO 2(1091038728PCT/US20081010831 for heating the turpentine liquid. In certain embodiments, the
contacting ve%glzg@%g%gn inclined rotary filter or tromma Tar sand sa %g.z(ggs}%ggﬁvided to
conveyor 108 or like feeding apparatus for supplying the tar sands to an inlet of contacting vessel 110.
Optionally, conveyor 108 can include a filter screen or like separating apparatus to prevent large
particles from being introduced into the process. Contacting vessel 110 includes at least one inlet for
turpentine liquid to be introduced and contacted with the tar sands. Contacting vessel 110 can include
a plurality roktrass ofr fimse Iikdgdetsigridi etheeteimpbendar sBmels inithezlcomtaoting dessd| form specified
amount of time, and to increase or control contact between the tar sand particles and the turpentine

liquid. In SHIFPENABAHHLRPS FERE abIRdE AHEERSEPC I BECHK MIiN dRFFBERN) fitdt VAh%traction

mixture thgot ;irhc%jteg,n th0 ér%gq Hgflajci:go%?golﬂt%{) Eaani matt?r extracted from

g %&b%‘aﬁ)?”éi}mkrt‘%q% dits penctales OF
the tar sands Is removed from cont cting vesse 110 Via outlet , which €an ifclude filter 118 to

prevent thasgrovahoheohidasih the /xRcion MG hakinsludRs the Ry aggdpores at
hydrocarbon-containing organic matter. Pump 120 can be coupled to outlet 116 to assist with
supplying dhyeweiishction, nhixduredodticingataciks] Bcdsindnii24 cabldvdcoupleddo:hdlditegdank 112 for
supplying the extraction mixture for further processing. After extraction of the hydrocarbon-containing
organic médigupitnjartii Wil @fﬁéﬁ*ﬁﬁﬁt@ﬁ@!&%ﬁ%ﬁﬂhﬁ#@q itRestapBrtaemngsld €48 be removed
from the contacting vessel via second conveyor 126. Some turpentine liquids include, hyt are not

4 BELvia S o ibentine liguids include, But

limited to, T{uldS that Mt A teTpin&6r aRa T006 TIHRETETHIAY oW 10 Figare B aPparatus’200 is

provided fgy the fecavani el iydingarboRcppiaining aganic.matehdaneilahalcand aler _
sedimentary rock formations that include recoverable hydrocarbon materials. Oil shale sample 202 is
supplied teugenael ar@rilslipdhaR4the smdsiceuthe izl atdhedcpidshale. Preferably, grinder or crusher 204
reduces the oil shale to WO 2009/038728PCT/US2008/010831 between about 0.074 and 0.42 mm in
diameter. Crushed oil shale may optignally be supplied to a filter to ensure uniform and/or conforming

particle siz& 4k &cBREE Y BOBRYSViHRE R RRE S ML P LY Breldier sl tEntatthg vessel
208. Contagting vessel 208 iscaoupled ine liquid supply 210 whigh m tionally be coupled
to a pumpjg%rn%%vr\l/ iﬁgsﬁggﬁeﬁgﬁuége%g?ﬁggﬁﬁ%Ct%%%ﬁ{é%sy g%?gg fnlé%g%lrz %Sﬁlp%g’d&) {%c%rgﬁ?;/:ting vessel
208. In cegipiRiembasdinantscihe tipentinadiauid.supil ¢anHdpciudednieansiaroneatingthe turpentine
liquid. Contacting vessel 208 can include a plurality of trays or fins 214 designed to retain the tar sands
in the confastinfpsle ssebforcrdpadifietivpmouniigfitinte parsitativoreaseres wbirchedrtactbetween the
tar sand particles and the turpentine liquid. In certain embodiments, the contacting vessel can be an
inclined rotBisPeitef P tAfinBIcRln @abuttSrdmeet & Sradinriratritimgaede (iPentMiiliquid and
recovered, hydrocarbpn-containing. grganic matter from the oil.shaje is, collected via outlet 216 and
Suppled PSRRI A0 P RS A8 AR CREl b (o AT T Sty itk e supply of
the extracligRnixidrgtEapR i AUdIRGtaNKL40y dlEXHAtPN mixture stream can be coupled to line
222 for supplying the extraction mixture stream to further processing. Second conveyor 224 assists
with the removal of inorganic or insoluble materials from contacting vessel 208. Turpentine liquids can
include, blRBA Fotchitfie Prbodiagite sharfurrpdnsinewid[0p 62l aede My Mol MGARETS; apparatus
300 is provided for the recovery of hydrocarbon-containing grganic matter. from coal. Coal sample 302
 supplied 3 1h AP B BHEY G PSRt B G B s BB PHOGRANR, B/ RIERUr Erusher 304

reduces the 6aal;19, Aetuesn.ahoul O 074300084 B AiAMmEIS . dRRsRding HpaR g quality of the

coal sample. In certain embodiments, the grinder or crusher 304 can be a wet grinder. Crushed coal
may optionghi he suppliied-de a:fiaiolo easuhe, Wiaimapdinneaniaiag patiele sizeeCrushed coal is
supplied WO 2009/038728PCT/US2008/010831 to first contacting vessel 306. First contacting vessel
306 is alseiensplydripeactudpctsipia hivdizis Zpphas08diichnprayobpidratiyohepauenshent-8eohump 310,
and which supplies the turpentine liquid to first contactitr_{liggvessel 306. In certain embodiments, the

turpentine iR ELaspiFc a rTEiRtlePrmearietdr X askiflg thevdirpertdreimpeba sreahelctiy vessel 306
includes mixing means 312 designed to agitate and imprave or control contact. between the solid coal
particles and ttﬁgsturf)rgﬂ ine |q(§|l§.r AR Eé?(‘?}%gﬁtgh?}ﬁ"ﬁx% émggtlrlga?ﬁﬁut%afsinsc%c ggs t%ﬁoeniu?rﬁ)%{sﬁ??fe liquid and
recovered hydrocarbon-containing organic matter from the oil shale is collected via first contacting
vessel outlet 313 and supplied to second contacting vessel 316. Pump 314 is optionally coupled to
outlet 313 to assist with the supply of the extraction mixture stream to the second contacting vessel
316. Second contacting vessel 316 can include a series of trays or fins 318 designed to increase or
control separation of the solids and turpentine liquids. Optionally, the second contacting vessel 316
can be an inclined rotary filter or trommel. The extraction mixture stream can be collected from second
contacting vessel outlet 320, which may optionally be coupled to pump 322, to assist with supply of the
extraction mixture stream to holding tank 324. Liquid coal and any turpentine liquid present in holding
tank 324 can be supplied to a liquid coal refinery or other processing step via line 326. Conveyor 328
can be coupled to second contacting vessel 316 for removal and recovery of the solids as a by-product

of the process. Turpentine liquids can include, but are not limited to, a-terpineol and 13-terpineol. The
annaratiic 200 can alen he 11ead t0o nrocece hinh and low arade nil chale TONOART ReafarrinA now o



WO 20091038728PCT/US2008/010831 liquid via line 410. The turpentine liquid facilitates the
quuefac.tion, S%,'%%&%%Q&Qfmdlor extquction of hydrocarbon-containing 015%%}%;'&698&% Sgresent in thg
reservoir, as well as providing the driving force to push the hydrocarbon-containing organic matter in
the formation toward the production well. A hydrocarbon product stream that includes injected
turpentine liquid is collected via line 412. Turpentine liquids can include, but are not limited to,
a-terpineol and llterpineol. [0064] In certain embodiments, the turpentine liquid for increasing
productiordigitess) qilopabns pravattizgidd) as Mdingds/at. bashd0ss, bigorolumesoétmatuseaitspentine,
synthetic turpentine, mineral turpentine, pine oil, a-pinene, 13-pinene, a-terpineol, 13-terpineol,

y-terpineot igeriasis ralivsinataepipbols. (drpehexy-tdndenghyr e tiete sempbetheifembodiments,
the turpentine liquid jncludes at least 30% by vqlyme geraniol, 3-carene, dipentene |
(et TEIRHA R0 Bl e O HTRANB IO Are G T P B

dihydromygengl, isobome,ol, pmenthan-8-ol, a-terpinyl acetate, citronellol, p-menthan-8-y1 acetate, 7-
hydroxydihydrocitronellal, menthol, or mixtures thereof. In yet other embodiments, the turpentine liquid
includes at least 30% by volume anethole, camphene; p-cymene, anisaldeyde,

3,7-dimetihd22], B-oorddie tre aisuberholidatmsembsdik frssibfeden efier Alduocitencaleimls, 2-
methoxy-2,6-dimethy1-7,8-epoxyoctane, camphor, citral, 7-methoxydihydro-citronellal, 10-

camphors@fiitic HekesEntrotiEMAl iR "D TR EREL tHe I BEHY TP L &tkiPrEifodiments, the
turpentine liquid includes at least a 4Q% by volume aterpineal. In other.embodiments, the
tarpentine b e e 5 B 85 e R LRI s IR TR IR B s, the
turpentineiguidnglugss alidaast akaitdO%.Mvalime anperinrolignd. atteashaloiR5% by volume
11-terpineol. In other embodiments, the turpentine liquid includes at least about 50% a-terpineol, and
in certain eydbeditnenimaisogciadedsl G WOHR0UBMBIFABEIS T ASS)0BINL) 83 bialpinfel. In certain
embodiments, the turpentine liquid includes at least 20% by volume of pterpineol. In certain

embodimentsrise laigp drgmsig wunisers i s o tiiedh Bplsut ST ARy (o6 I§TiFsATR G4 fsrpineol and

between about 10 gncA04. by valume of P terpincol. 10068) In analher aspec, 2 process for
increasing pro&uc’tlon form a sub-surace ?1y focarnon-contain g reSefiditun ergoimng efthanced
recovery qpeyatinns, isprovidehthat ngudesdnianiing afumenting liguiddue.he eagivgjs through an
injection well to stimulate production of the hydrocarbon-containing matérial. The turpentine liquid can
include at ieastanracompordselectadsize mr Hakrabdutr pETENamsyNibalicir penting cenigieral
turpentine, pine oil, a-pinene, 13- pinene, a-terpineol, P-terpineol, y-terpineol, terpene resins,
a-terpene ofhte gerdinentsspdaeagisdenikiored fhdrbof iy susemze mbbelinséstdoteatorp8ffite liquid can
include at least one compound selected from geraniol, 3-carene, dipentene (p-mentha-1,8-diene),
nopol, pindR& AL Mdroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isobomeol,
p-menthan-8-ol, aterpinyl acetate, citronellol, p-menthan-8-y1 acetate, 7-hydroxydihydrocitronellal,
menthol, goebn)ixiesasitizaeel. pyat ather pabadimeniss thadsnenion ligyidecamiochide at least one
compound selected from anethole, camphene; p-cymene, anisaldeyde, 3,7-dimethy1-1,6- octadiene,
isobomy! aeptatemeodipiéneialisdogniene catlocispericoflitoholenBametiroxseehé-liquid can be
dimethy1-7,8-epoxyoctane, camphor, eitral, 7-methoxydihydro-citronellal, 10-camphorsulphonic acid,

cintronellaieisiEtioRR lowrR AliBteie Slio8Pbo Rl kerRid ASEAHGh -t halRiAY BFY ARTRIS RSB duction
stream that includes dhe luspenine iguid.and tecoyered ydrocarbons s ecoverad from ghe
production well' asSociatéa with the hydrocarbon-tontaining reservoir. Thé ytgrocarbon-containing
organic matien IAquUELing SHSARR s2anPSiBaRAIAURI DA GEAMEIES RYHRcarhARSseam and a
turpentine liquid recycle stream. In certain embodiments, the method WO 2009/038728PCT/U
S2008/01@83dimif fugthert eaniffurtioestingliglefibecstdp of injecting the turpentine liquid recycle stream
into the injection well. [0067] In another aspect, a method for the increasing production from a
hydrocarbon-containing sub-surface hydrocarbon formation undergoing enhanced recovery operations
is provided. The method includes the steps of injecting a turpentine liquid into the formation through an
injection well. In certain embodiments, the turpentine liquid includes at least 40% by volume
a-terpineol and at least 10% by volume (3-terpineol. The turpentine liquid solubilizes, extracts and/or
displaces the hydrocarbon-containing materials fram the formation, which are subsequently recovered
from the formation with the turpentine liquid through a production well. In certain embodiments, the
method further includes separating the hydrocarbons from the turpentine liquid. In yet other
embodiments, the method further includes recycling the turpentine liquid to the injection well. In certain
embodiments, a-terpineol is present in an amount between about 40 and 70% by volume. In certain
other embodiments, a-terpineol is present in an amount of at least 70% by volume. In yet other
embodiments, fl-terpineol is present in an amount between about 10 and 40% by volume. In other
embodiments, the turpentine liquid further includes up to about 10% by volume y-terpineol. In other
embodiments, the turpentine liquid can include up to about 25% by volume of an organic solvent

selected from methanol, ethanol, propanol, toluene and xylenes. The method is useful for the recovery
nf hvvdrocarbon-containina oraanic mattar diirina nrimarv ceacondary and tartiaryy recnovvaeryy nnaratinne



[0068] In another aspect, a turpentine liquid for the recovery of hydrocarbon-containing organic matter
from tar sands is provided. In one embodiment, the turpentine liquid includes at least about 30% by
volume a-terpi‘ﬁeo ahd4tieast about 25% by volume 8-terpineol. In andther e 1083
2009/038728PCT/US20081010831 embodiment, the turpentine liquid includes between about 30 and
70% by volume a-terpineol, between about 25 and 55% by volume P-terpineol, up to about 10% by
volume a-terpene, and up to about 10% by volume p-terpene. [0069] In another aspect, a turpentine

liquid for rmoaxerkgubytngeer) davesnidpting argeinits meater koprihigh gradeiegaksouseesysuch as for
example, anthracite or bituminous coal, is provided. In one embodiment, the turpentine liquid includes

at least abeenob3ddmsndorimedaterisiisdt et tersastublouta B9 mpo | e @b alanes another

embodiment, the turpentine liquid includes between ahout 45 and 80% by volume a-texpineol,
betwoen ATG DS ST Y b0 AR AT G A0 B4 Ao rBoH e and up to

about 10% by volume;pteraeng. [0070) 0. anethel ARNGAtA JWRRNIRS,IGMIK far [RopKerng

hydrocarbon-containing organic matter from low grade coal sources is provided. In one embodiment,

the turpendigdiquichingl yers ab Ipashab el BaMy by eltine anteipinaoinandiyp sebaheuks3600 by volume
p-terpineol. In another embodiment, the turpentine liquid includes between about 60 and 95% by

volume atbepinenl] wpdd alalrBGionty vbluntR-tarpidesinigptozoutfidsiaero|rhera-terpene, and
up to about 5% by volume P-terpene. [0071] In another aspect, a turpentine liquid for recovering

hydrocarbBTRRBREaR ARFERI AR CsthriBraneRr o dimsat s Rk ahehade alepbatifotid 23V generally

refers to any sedimentary rock k)g.tcont ins pitupwino S ma rials(hln one embodiment, the turpentine
S . t Sefect \ arn i
liquid mclﬁéés% At Fggst%égﬁtegéoo 0 ]tr)?/e{l/o%?‘nsg 53%#&%%% an ?J% foa ooﬁrgﬁg%ogis\?gfﬁ?neo 3-terpineol.

In another,grmbpdiment, hedwDenting, aidlacludes bepueenaRaHlS0, ane 9% bxaimine
a-terpineol, up WO 2009/038728PCT/US2008/010831 to about 30% by volume P-terpineol, up to
about 5% tigtglavie:adelpenesrbod hipitidabent D%k tbses obgroef, 18-terpep@ature and pressure

operable to maintain the solvent in liquid form.

[0025] In certain embodiments, the ratio of turpentine liquid to any other turpentine-miscible
solvent contained in said fluid is greater than or equal to 1:1, in certain embodiments greater than
or equal to about 9:4. In certain embodiments, the ratio is greater than or equal to about 3:1. In

yet other embodiments, the ratio is greater than or equal to 4:1.

{0026] According to an aspect of the present invention, the fossil fuel and the turpentine liquid
are contacted at a temperature of from about 2°C to about 300°C. In certain embodiments, the

fossil fuel is contacted by the turpentine liquid at a temperature of less than about 200°C.,

[0027] According to a further aspect of the present invention, the fossil fuel and the turpentine
liquid are contacted at a pressure of from about 1.0x10" Pascals (0.1 atm) to about 5.0x10°
Pascals (50 atm). According to an aspect, the method is executed at a pressure of from about 0.5

atm to about 8 atm.



[0072] In another aspect, a turpentine liquid is provided for recovering hydrocarbon-containing organic
matter from li jum crude oil. In one embodiment, the turpentipe liquid j es at least
about 40 andqygg%@%g;me a-terpineol and at least about 30 and 40%%%@%%%%rpineol. In yet
another embodiment, the turpentine liquid includes between about 40 and 70% by volume a-terpineol,
between about 30 and 40% by volume P-terpineol, up to about 10% by volume a-terpene, and up to
about 10% by volume p-terpene. [0073] In another aspect, a turpentine liquid is provided for
recoveringdtgdidoardidingcortaimig of gemicermuatierdntmm, Heamgthodi ferthea mebrdysqmodieliod.2in one
embodiment, the turpentine liquid includes at least about 50 and 70% by volume a-terpineol and at

least aboFKSBCHAY A% WiRIBIHHIE: Satstlifl Qb semiRbthR riilsb S sratrc el it SRS MeRFid includes

between gbout 50 and.70% by volume .a-terpineol, between ut 30 and 40%. olume P-terpineol,
P S N e S A S e T
aspect, a methedapiREVerNG hyalieaarRaGARaInRL,OFERRIGIAte) fiemdaksands is provided.
The method includes mining a formation rich in tar sands to provide a tar sand sample, wherein the tar

sand sample includes a recoverable hydrocarbon-containing organic matter and residual inorganic or

insoluble MY828lidicoprEnE tosahaprest | pspeessplivy w8 ienc e i dupb e uipRetiasigwd c8htacting
vessel incjudes at least one inlet for supplying a turpentine liquid for recovery of hydrgcarbons from the
tar sands "HHBEFEAR SAFIBEEER ot U FFHTR GRRIFSD CATPAR s @ urder
hydrocarbonconaining. Organic. MAET ARG RS8R0 iRRI0fYce Adaniduq!maspal and an
extraction mixture. The extraction mixture WO 20091038728PCT/US2008/010831 includes the

turpentinedigilighR6le 60 RISk fosar RE-Goniating-organi henalismardihad esiguakipaterial is
separated from the turpentine liquid to produce hydrocarbon product stream and a turpentine liquid
recycle stiemperituceridin mmvedifibnisssihévhent deitfentine tiwedudes the step of recycling the
turpentine liquid recycle stream to the contracting vessel. In other embodiments, the extraction mixture
can be se by distillation to prod the hydrocarbaon groduct,stream and the, turpentine liquid
retycle st Lt DOV (B Shi e AT i B acie e ST MEBCE 0 e
embodimapis,Jhadsipgintinenlitididcandneiidaiatieast aheridd%inyolume a-terpineol and between
10 and 40% by weight O-terpineol. In certain embodiments, between 0.5 and 4 equivalents of the
turpentine liquid is used to contact the tar sands and recover hydrocarbons. In certain embodiments,
between d¥aHdpcortsdiunmbaditsisiibertai Afifenming foibtuvtatedneieniaidhan Yaldhd recover
hydrocarb ns.h[Pé)z)%] In, another as‘%ect, a gwethod forr covering hydrocar,bon- ?lntainin rganic

ro

matter frofl & y avr‘ft;%rﬁ}eﬁéﬂ SiPShatés p?g\f}flc?éid.w ‘Fﬁ’e Metho f’ncsfelféreastfcr’ﬁiﬁlntgeae’r{ggﬁ ormation that

includes hydracarhon-GoRAIRING AOANCPAHERIY, PRAF AR QIRydrocarbon containing oil shale that
includes a recoverable hydrocarbon material and inorganic or insoluble material. The oil shale is
ground to produce crushed hydrocarbon-containing oil shale The crushed hydrocarbon-containing oll
shale is thER T ieheepuitie dcfireraspreiepi tEpraveant dnoHa®| i fesdbSul dty deretpshRicis from being
supplied to the extractigon process. The crushed hydrocarbon-containing oil shale is fed to fa contacting

vessel, wHETRTA i S8t AR ARG RIESRES RicHFRETaY PBRY: SHE RIS BBk Mg e i s&FTH&liquid for

recovery ol ByfRpAbMRIIATING aushed YetosahaN:cOUAIRS AL ShAe. s ClHREY

hydrocarbon-containing oil shale is contacted with the turpentingliquid to extrac
hydrocarbefiegsiaiRing, tgarica attar- freeasthgdGrised tidey£009/038728PCT/US2008/010831
hydrocarbon-containing oil shale to produce inorganic solids and an extraction mixture that includes
the turpentine liquid and recovered hydrocarbons. The inorganic or insoluble materials are removed
from the elQPALLGSRIERSE IRt FebsPETRAT RN BI Y HReton fa rslubifrahetisadlBdéntine liquid
to produce a hydrocarbon product stream and a turpentine liquid recycle stream. In certain
embodimepr{f)s?%ﬁé? u%rlﬁenﬁlt)fr%éelfa?ugo Sﬁ%%??laens{%%%ugeerlé%i}ged to the contracting vessel. In other
embodiments, the crushed hydrocarbon-containing oil shale has a mean patrticle size of less than
about 0.42 mm in diameter. In other embodiments of the method for the recovery of
hydrocarbon-containing organic matter from oil shale, the turpentine liquid includes at least one
compound selected from natural turpentine, synthetic turpentine, mineral turpentine, pine oil, apinene,
fi-pinene, a-terpineol, 13-terpineol, y-terpineol, terpene resins, a-terpene, j3-terpene, yterpene, or
mixtures thereof. In other embodiments, the turpentine liquid includes at least one compound selected
from geraniol, 3-carene, dipentene (p-mentha-I,8-diene), nopol, pinane, 2- pinane hydroperoxide,
terpin hydrate, 2-pinanol, dihydromycenol, isobomeol, p-menthan-8-ol, a-terpinyl acetate, citronellol,
p-menthan-8-y1 acetate, 7-hydroxydihydrocitronellal, menthol, and mixtures thereof. In other
embodiments, the turpentine liquid includes at least one compound selected from anethole,
camphene; p-cymene, anisaldeyde, 3,7-dimethy1-1,6-octadiene, isobomyl acetate, ocimene,
alloocimene, alloocimene alcohols, 2-methoxy-2,6-dimethy1-7,8-epoxyoctane, camphor, citral,
7-methoxydihydro-citronellal, 10-camphorsulphonic acid, cintronellal, menthone, and mixtures thereof.

In certain embodiments, the turpentine liquid can include aterpineol. In other embodiments, the
frirnantine licnind can inchiide at leact ahniit 4004 by voaliime a-tarninenl and hetween 10 and A004 hy



WO 2009/038728PCT/1JS2008/010831 hydrocarbon-containing organic matter. In certain
embodiments and 2.0 equivalents of the turpentine liquid i gl%] ct the oil shale
and recover h}"%%\g@r%%g‘%? [0077] In another aspect, a method for reCO\?éérJil?% ‘g/g(gfréo&c%ar on-containing
organic matter from a coal rich sub-surface formation is provided. The method includes mining the
sub-surface formation to produce coal, wherein the coal includes a recoverable
hydrocarbon-containing organic matter and inorganic or insoluble material. The coal is ground to
produce cfiGtédhcoatimpddilie repktogdrbvipesardampitod thrifsetiar desitddisiten Theterushed coal is
fed to a contacting vessel, wherein the contacting vessel includes at least one inlet for supplying a
turpentineSHBRIRIMRSF S BB B SE PRRAIPE AR RIRbTRICHEE HOR dErO&TT TPRA SRR & Furpentine
liquid to extr%toggg hxgé%?saraggrxl}% ;{‘%m Qe e%ﬁiJShed coal to produce inorganic solids and an extraction
mixture. THe extraction mixtare includes the urpentine liquid and recovered hydrocarbons. The
inorganic or insoluble solids are separated from the extraction mixture, and the recovered

hydrocarbms Aaracsepiaiateddrospthediithe ptisedi Goid:Hidopr adusew@dguildhczainohatid dinstieam and a
turpentine liquid recycle stream. In certain embodiments, the method further includes recycling the
turpentinerfigtienratyeiiebdizatinn wtheccorrietthgruedsknds et stpepieniBibesrertdiniteanifiuid coal
product stream is supplied to a Jiquid coal refinery. In certajn embodiments, the coal sample includes a
low grade%%'&%a‘ifﬂ?%gg%ﬁeé% a?rlt*’é’ GIRBP |e°§§;fﬁ§§'§. 5t Sutaé&ﬁ ﬁlf'ng ér%ceai” AN &t tﬁl&ﬂﬁwents, the
coal sample.inelndes #,0iah grRdecaRhaviRgIARR RALIAERERAL 658 anahruiQiié mm. [0078]
In yet other embodiments of the method for recovering hydrocarbon-containing organic matter from
coal, the tuipeRtigaligYictineiddesideagloaecanensdsselactadriio monatifalsirmentinge, synthetic
turpentine, mineral turpentine, pine oil, a-pinene, fi-pinene, a-terpineol, 13- terpineol, y-terpineol,
terpene relgicuking tefl tene sflete ghemecal iorde frsildntmikte rodrihleraon i Nydcarbons in fossil
2009/038728PCT/US2008/010831 other embodiments, the turpentine liquid includes at least one
compound¥&dieateirohy GRidhfreananngdfsBitene (p-mentha-1,8-diene), nopol, pinane, 2-pinane
hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isoborneol, p-menthan-8-ol, a-terpinyl
acetate, cifsgsnglaiRmentiiadSavd Acetalts chvdxudinvdepsiioneinbanentRaliaashaéstures thereof
In other embodiments, the turpentine liquid includes at least one compound selected from anethole,
camphenéenpieysnakidicdniissid eyd &od Adindethydiidnt wwistaticnes isebomylatetatie;doctrane,
alloocimene, alloocimene alcohols, 2-methoxy-2,6-dimethy1-7,8-epoxyoctane, camphor, citral,
7-methoxyRmRgeiBceit e h iR KoticantiRpRs bipHanie! Advgteist ohEimberharndrorrtamriattkelres thereof.
In certain embodiments, the turpentine.liquid includes at least 60% by volume aterpingol. In certain
embodimefits” ﬂgeofﬁrtégﬁﬁ‘ﬁeéﬁfﬁq%i isnglllﬂldqéesrg q%%dgt?ﬂ%%v%r)lln%lﬁrﬁa %étlgr%kljr%% 1"aarlllgp é‘: férgrsltt about 15%
by volume BE4esiRgaa!- 4 GRIRINANRLANRO LM hR HPARHD & lickicLineiHaRS Alragt 60% by
volume a-terpineol and up to about 30% by volume ISterpineol. In certain embodiments, between 0.5
and 4 equivalpatsaepihigumpentine liguidita useddardiogiiachthdanirigkiale iand ecovgrded as
hydrocarbon-containing organic matter. In certain embodiments, between 0.5 and 2.0 equivalents of
the turpentistijiyiitnaisesans sormsestiidivit shale and recover hydrocarbon-containing organic
matter. [0079] In another aspect, a system for recovering hydrocarbon-containing organic material

from tar sangs S PIRUdER.d (Rl santRdmea Ay Y sl inatARe: 1 3sIoF AUBRling purpentine

liquid and a contacting vessel, wherein the contacting’vessel includes at least one inlet for introducing
the turpentinelignidiaas ahipasihanmnutietdend erareritgan L xaciandnidmaimmibe-pontacting
vessel. The system also includes a first conveyor for supplying tar sands to the contacting vessel. A
holding tarkstipeitime ludiesas|ingidphiped timgdhmusdiingfehtndeihe dbataethod pessddsis frevided,
wherein the line connecting the contacting vessel and the holding WO
200910381981 &y shdte DoBsinaiiAc B BPMier fapibierpiried 248he BrisaiRers the holding
tank. The system also inclides 2 second gonueyar for, e recovens and iranspart of the splids. [0080)
In one emBodlmeﬁt, € contacting vessel isTa rotary Moined Fiter fatticlides Aosdries of fins or trays
for separating and or controlling the tar sands. In another embodiment, the fins or trays are provided to
increase or control the contact time between the tar sands and the turpentine liquid. In certain
embodiments, the turpentine liquid can include a-terpineol. In other embodiments, the turpentine liquid
can include between about 30% and 70% by volume aterpineol and between about 25% and 55% by
weight 13-terpineol.




[0081] In another aspect, a system for recovering hydrocarbon-containing organic matter from oil shale
is provided. T%g}@%@ includes a tank for supplying a turpentine liquid giindes, for comminuting
the oil shale to a reduced particle size. A contacting vessel is provided that includes at least one inlet
for introducing the turpentine liquid, at least one inlet for receiving crushed oil shale, at least one outlet
for recovering solids from the contacting vessel and at least one outlet for recovering an extraction
mixture from the contacting vessel. A first conveyor is provided for supplying crushed oil shale to a
contactinghgesbseforfitivgsys tenmafiieh entiriote de sathoiding tankossmtberetnnamihpldigapianiettaciudes a line
connecting the holding tank to the contacting vessel, wherein the line includes a filter to prevent the

passage SREOHi EPHIETON G TBheE SBESHEFEEMUEYSr (GPTEcBRiNRg geids rimRudi™
embodiments, the system further includes a line.for supplyi reaction mixfure including recovered
ycrocarbas S Phea octt L Ao e B e ™ corain
embodimepis.thenreeting digkithsR sl dRacterpiselrdnaarain-ambodifants: thasirpentine
liquid can include between about 60% and 95% by volume a-terpineol and up to about 30% by weight
p- WO 2G08{e3872pRadd U200 801083 hterpined .cnratlzdr efitbodithedhisyiferfunpéemntide liquid can
include between about 70% and 90% by volume a-terpineol and between about 5% and 25% by
weight [I-tegsaEne OGS R ah btdarcadisacraedyisten for repsvErmbdNbrddsrpstrevhitaifing organic
matter froW c.%al IS rovidefd. Tlhf% §yst(%mi cludgs tank for. suaplgin(gea [gr etnt%Eue liquid and a grinder
for commi ‘i’ﬂingof: f?%“f)rc?&ﬁce epé? (a6 mattelda Fediced Sizer A'tontac méa\sf’esogeal is provided
that includes at least QA RlefotinERkENa ReduRentineiguid aRdaLIeastong.aulieLfor recovering
solids and liquids from the contacting vessel. The contacting vessel includes also stirring means for
thoroughlyegaixiig the-tdrgaatine liquid and the comminuted coal . A separator is provided for
separating the solids and liquids, wherein the separator includes an inlet, an outlet and a line
connectingﬂ;}he inlet of the separator to the qutlet of the contacting vessel. The system also includes a

holding taHIe {hEie RISHFa HBYSGR&AK IR Stedr it YHRSEB An Bate i TPtk d58M separator,
wherein the line.6an fnalude,a lisrdanrevent therassagsolsalds tn e holdinodank, go8s] In
certain embodiments, the systém further inciudes a tilter for select! e1§ preventing particles having a
mean diamgiefigrgater than about 0.85 mm from being introduced to the contacting vessel. In certain
other embodiments, the system further includes a line for supplying a liquid coal product to a refinery
for further processing. In certain embodiments, the system further includes a first conveyor for
supplying G & e8EraoMEsESRtAE ISP TraSH VAR EIAR &Y AiABddMhishtBes R Y Sy StEMRSRIREY includes a
second co v%\{or fQr. removjng solids from the s?}gar.at?r In %ﬁlrltain qﬁrgbodim%pts the tur%entine liquid
y

. emcal attimiy with Bitumanous organic ma includin me rOgZen or tar, in sol
can include a-terpineol: In embodiments directed to the recovery of hydfocarbons from nigh grade

coal, the tugpenjinediguighganynglide benueen.aboutdotanthBQ¥ohY yRlme;dviarineqh and
between about 15% and 45% by weight [3-terpineol. In embodiments directed to the recovery of
hydrocarbbinsdiens dMiaEh0oMe38ARBRET s G8Mdaldh congrade darl, dheaturpantad liquid can
include between about 60% and 95% by volume aterpineol and between about 0% and 30% by weight
P-terpinectt@o8y] areamothettoashsetvs metHsToRo T2t 2fubp entheet [igiaeioys &addtion of
hydrocarbgn-containing organic matter from hydrocarbon containing matter js provided, Generally, the

method inEARTEATESGiRY"S BaHTe P?ﬂé%%?o‘é‘ﬁr%ﬁ%%ﬁ?&ﬁﬁﬂ% AR ERRYZi the
hydrocarbggsg;,@;g‘;@lﬁ%qﬁ%gy}%t‘pg&}{g&ﬁ@gd;&ﬁ@g@g@_pgmwgﬁ(;gg%t&gd.A formulation for extraction

of hydrocarbon-containing organic matter from the hydrocarbon material'is provided, wherein the
formulation is a function of the type of formation and the size of the particulate hydrocarbon material.
Generally [#h¢0dtrmupatopdricl tidle sséitaast ebbatph@fsdyhvolaah effirier hsteobatit akteatembout 10%
by volume f3-terpineol. The amount of a-terpineol and p-terpineol in the formulation is then adjusted
based updRAETa! b& hRitERetBYSBIAR G0E iR bEeiransmafistier SRS R RILTRIEYABAToMites a good
starting porinte I?r'dEt%mini.rs' tggngl %{gd{gémll{l?t;ingtn. fgr.textra%tiontgcfh\éariogg h}{géqg%rggr}} containing
materials, for o lré:"rlhy rocarbon-containing Rateraldand un eerr%pem fgléeop%%atmg condltions, either
a series of statistically designed experiments or a series of experiments according to an optimization
method can be performed to determine the optimum composition of the liquid turpentine. [0085] As
shown in Table I, the specific formulation for extragtion, liquefaction and/or solubilization of
hydrocarbon-containing organic matter from tar sands varies based upon the particle size. In certain
embodiments, the method for preparing a turpentine liquid for extracting hydrocarbon-containing
organic matter from tar sands includes adjusting the amount of aterpineol and P-terpineol in the
formulation as a function of the size of the hydrocarbon rich solid particulate being extracted. In other
embodiments, if the hydrocarbon-containing organic particulate matter includes low grade coal or an
oil shale, the amount a-terpineol in the



WO 2009/038728PCT/US2008/010831 turpentine liquid is increased and the amount of P-terpineol in
the t.urpentine '8%iﬁ%%:%%%reased. In other embodiment;, if th_e hydrocarlp Igﬁgo&tg%nggl organic
particulate matter includes tar sands, the amount a-terpineol in the turpentine ﬁQUIGlIS ecreased and
the amount of 13-terpineol in the turpentine liquid is increased. In other embodiments, if the
hydrocarbon-containing organic particulate matter includes tar sands and the mean diameter of the
particulate matter is less than about 4.76 mm, then the amount a-terpineol in the turpentine liquid is
decreasedidnddveiamau nofspyter piaesldnlth drturgenipie daeit isinete Taadrbagthestatpodiments, if
the hydrocarbon-containing organic particulate matter includes tar sands and the mean diameter of the
particulatecpnteiad §x)teetbareitersiibd ok thapmuiticpheredhyidtfer the perrvamedivarpifepldpitie turpentine
liquid is decreas?éolr and the amount of p-tergineol in the turpentine liquid is increased, Taple I.

Formulatidf i B56 KSHEH-o oA Beitduh A%l Hha S Phr s &1 8 P AR ST (SRR diameter)
a-terpineol J3-e[pineol A RS RENG QAL AMASR (o f8 TrMe30:2018 Al s 2R YR il

recovery by overcoming the complex behavior of the multi-phase flow prevailing under in-situ

conditions,

{0041] The present invention takes advantage of the very strong physico-chemical affinity of the

turpentine liquid.

[0042] One method of the present invention injects an extraction reagent of the present invention

into an oil or natural gas reservoir through an injection well.

[0043] Oil is dissolved into the extraction reagent of the present invention when the two come
info contact in an oil reservoir, thereby vielding a homogeneous solution, i.e., a one-phase liquid.
The extraction reagent of the present invention does not simply displace the oil as it travels from
the injection well to the producer well, dissolution of previously trapped oil into the extraction
reagent of the present invention continues unti! the exiraction reagent is fully saturated with oil.
Thereafter, the extraction reagent becomes inactive in the additional oil recovery process and
simply flows through the pores of the reservoir as a one-phase liquid, eventually reaching a

production well,

[0044] The following illustrates three specific embodimenis of in-situ methods for oil recovery

of the present invention.



10% vol 5% vol 1 mesh (1 inch) - 4 mesh (4.76 mm) 40-60% vol 30-50% vol 10% vol 5% vol > | mesh

(I'inch) 50-7004% g% &%3@}%‘{4) vol 10% vol 5% vol POTIUS2008/010831

[0045] In a first in-sifu embodiment, about three (3.0) to seven (7.0) pore volumes of an
extraction reagent of the present invention are injected into an oil reservoir already water-flooded
to the residual oil saturation while producing about 51% of the original oil in the reservoir. The
injection of the extraction reagent can unexpectedly produce about an additi_onal 41% of the
original o1l in the reservoir. This embodiment of the method was experimentaily validated, as

described in Example 22 herein below.

[0046] In a second in-situ embodiment, about two (2.0) to five (5.0) pore volumes of an
extraction reagent of the present invention are injected into an oil reservoir. At the outset, the
injection causes only oil to be produced until about one-third (0.3) to three-quarter (0.75) of pore
volume of the extraction reagent of the present invention is injected; thereafter, the extraction
reagent of the present invention in which oil is dissolved, is produced. The majority of the oil
present can be recovered upon injecting between about one and a half (1.5) to three and a half
(3.5) pore volumes of the reagent. The method unexpectedly recovers about 90% of the original
oil in the reservoir. This embodiment of the method also is expenimentally validated, as

described in Example 22 herein below.

[0047] In a third in-situ embodiment, an extraction reagent of the present invention is injected to
improve the oi! recover from oil reservoirs containing very viscous oil, e.g., the reservoirs of the
“Orinoco Oil Belt” in Venezuela. The recovery factor with prior art recovery methods is low,
ranging from 10% to 15% of the original oil in such reservoirs. The unexpected increase in the
recovery cfficiency from these reservoirs with injection of the turpentine liquid extraction
reagent of the present invention can be further enhanced by adopting horizontal wells for both

producers and injectors, and periodic steam soaking of these wells.
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[0086] Similar to what is shown above with respect to the extraction ofsands, as shown in Tables 2

and 3, the formulation for extraction, liquefaction and/or solubilization of coal depends both on particle

size and on th‘é’%&%“ﬁf?f%? the coal being extracted. In one embodiment JrHEhethod ior preparing a

turpentine liquid for extracting hydrocarbon-containing organic matter, if WO
2009/038728PCT/1JS2008/010831 the hydrocarbon-containing matter includes anthracite, bituminous
coal, or other high grade coal and the mean diameter of the particulate matter is less than about 0.15
mm, then et gimiuntatexpneeldn itheturpentiae iguigkigdecteasadean ddhiscamed RS f=terpineol in
the turpentine liquid is increased. M other embodiments, if the hydrocarbon rich particulate matter
includes aintbré@iel BRaHTifTEAR tEarnbrbifePRigh dremE colliaAdesse fifleahhdissn etedustithe particulate
matter is greater than about 0,84 mm, then the Tn]é){unt a-terpineol in the turgf?ntine liquid is decreased
i

and the arfBTTEE} T3STERATHADITR St BRRTRE HoaiSoRlE Redenan AT LY R &R, if the
hydrocarbanigh paftcaats metieriehidee aiade sealandtheduean. diamateraLis particulate

matter is less than about 0.074 mm, then the amount a-terpineol in the turpentine liquid is decreased
and the ameuntobOntarRineDbintier fpslinaligvidedsincteasrd o saoibrrappsimen, if the
hydrocarbon rich particulate matter includes low grade coal and the mean diameter of the particulate
matter is gridtiteethan-atvoett 10 gh2mmemuthdpetie thmbumplsergloeotinvdie tnpensinerdighidbis decreased
and the amount of f3-teg)ineol in the turpentine liquid is increased. Table 2, Formulations for

Extraction SRR Bihad W RIBsRltp ol BaififciRisfia of Al RRERERIEERTRh 9 dhsrAEEER ct-terpineol

invention, the frapped gas in the reservoir is dissolved in the reagent and flows to the producer
wells. By separating the reagent and gas at the surface, the gas is recovered and the reagent is

recycled for reuse.

{0049] The extraction methods of the present invention can be implemented after one or more of
the known methods for facilitating oil production, e.g., COz or natural gas injection and

surfactant addition, are executed.
EXEMPLARY EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0050] Coal

[0051] In certain embodiments, anthracite or bituminous coal can be ground to sizes ranging
from about 0.841 mm (20 mesh) {o about 0.149 mm (100 mesh)}, and subsequently be solubilized
and/or extracted, i.e., liquefied, by immersing in a turpentine liquid under a pressure within the
range of about 1.0x10° Pascals (1 atm) to about. 2.0x10° Pascals (2.0 atm). In certain other
embodiments, the furpentine liquid can be natural, synthetic or mineral turpentine that inchides
up to about 50-70 volume % of o-terpineol, about 20-40 volume % of 8-terpineol, and about 10

volume % of other components. In certain embodiments, the bed of ground anthracite or
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p-terpineol a-/ ll-terpene other <100mesh (0.149 mm) 45-65% vol 35-45% vol 10% vol 0% vol 20

mesh(0.841 mmg - 100 mesh (0.149 mm) 50-70% vol
WO 20097038728 PCT/US2008/010831

bitumincus coal can be agitated by passing said turpentine liquid at a temperature in the range
between 80°C and about 130°C, or possibly up to the boiling point of said turpentine liquid. In
certain other embodiments, the duration of solubilization and/or extraction, i.e., liquefacfion, can
be within about 10 minﬁtes to about 40 minutes. .In certain embodiments, the contact time for

the extraction of hydrocarbon-containing organic matter from coal 1s Jess than 5 minutes.

{0052} In some embodiments, lignite, brown coal, or any other low-rank coals can be ground to
sizes ranging from about 0.419 mm (40 mesh) to about 0.074 mm (200 mesh), and subsequently
be solubilized and/or extracted, i.e., liquefied, by immersing in a turpentine liguid under a
pressure within the range of about 1.0x10° Pascals (1 atm) to about 2.0x 10° Pascals (2.0 atm). In
certain other embodiments, the turpentine liquid can be patural, synthetic or mineral turpentine
that includes about 70-90 volume % of u-terpineol, about 5-25 volume % of B-terpineol, and
about 5 volume % of other components. In other embodiments, the bed of ground lignite, brown
coal, or any other low-rank coals can be agitated by passing said turpentine liquid at a
temperature in the range between about 80°C and about 130°C, or possibly up to the boiling
point of said turpentine liquid. In certain other embodiments, the solubilization and/or
extraction, 1.e,, liquefaction, can be within about 20 minutes to about 60 minutes. In certain
embodiments, the contact time for the extraction of hydrocarbon-containing organic matter from

coal is less than 5 minutes.
[0053] Qil Shale

[0054] In certain embodiments, oil shale can be ground to sizes ranging from about 0.419 mm
(40 mesh) to 0.074 mm (200 mesh), and subsequently be solubilized and/or extracted, i.e.,

liquefied, by immersing in a turpentine liquid under a pressure within the range of about 1.0x1.0°



20-40% vol 10% vol 0% vol >20 mesh (0.841 mm) 60-80% vol 15-35% vol 10% vol 0% vol WO

2009/038728PCT/US2008/010831 Table 3. Formulations for Extraction of Low Grade Coal based
. gzo zolgwufmlzs . POTILS2008/010831
upon Particle Sizé ParticleSize

Pascals (1 atm) to about 2.0x10° Pascals (2.0 atm). In other embodiments, the turpentine liquid
can be natural, synthetic or mineral turpentine that includes about 70-90 volume % of o-
terpineol, about 5-25 volume % of B-terpineol, and about 5 volume % of other components, In
certain other embodiments, the bed ground oil shale can be agitated by passing said turpentine
liquid at a temperature in the range between about 80°C and about 130°C, or possibly up to the
boiling point of said twrpentine liquid. In other embodiments, the solubilization and/or
extraction, i.e., liquefaction, can be within about 30 minutes to about 60 minutes. In certain
embodiments, the contéct time for the extraction of hydrocarbon-containing organic matter from

oil shale is less than 5 minuies.
[0055] Tar sands

[0056] In certain embodiments, tar sands can be broken up to sizes ranging from about 25.4 mm
(1 mesh) to 4.76 mm (4 mesh), and subsequently be solubilized and/or extracted, i.¢., liguefied,
by immersing in a turpentine liquid under a pressure within the range of about 1.0x1.0° Pascals
(1 atm) to about 2.0x10° Pascals (2.0 atm). In other embodiments, the turpentine liguid can be
natural, synthetic or mineral that includes containing about 40-6¢ volume % of a-terpineol, about
30-50 volume % of B-terpineol, 5 volume % of o and/or f-pinene and about 5 volume % of other
components. In another embodiment, a ground oil shale bed can be agitated by passing said
turpentine liquid at a temperature in the range between about 60°C and about 90°C, or possibly
up to the boiling point of said turpentine liquid. In other embodiments, the solubilization and/or
extraction, i.e., liquefaction, can be within about 10 minutes to about 30 minutes. In certain
embodiments, the contact time for the extraction of hydrocarbon-containing organic matter from

tar sands is less than 5 minutes.
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(Mesh/mm diameter) a-terpineol P-terpineol a-/ p-terpene other <200mesh (0.074 mm) 60-80% vol

10-30% vol 5%%%%(%%)3%/‘%%% mesh (0.420 mm) - 200 mesh (0. 074 mm}lcrmsz{msmwsn

[0057] Crude oil

[0058] In certain embodiments, light and medium crude oil can be produced in sitn, ie.,
removed from an underground reservoir, for primary, secondary or tertiary recovery, by injecting
about one (1.0) to about five (5.0) pore volumes of a turpentine liquid. In other embodiments,
between about two (2.0) and about four (4.0) pore volumes of a turpentine liquid can be injected.
In certain embodiments, the turpentine liquid can be natural, synthetic or mineral turpentine that
includes about 40-70 volume % of a-terpineol, about 30-40 volume % of P-terpineoc!, 10 volume
% of o and/or B-pinene and about 10 volume % of other components. In certain embodiments,
the injection of a turpentine liquid can be followed by waterflooding with about one (1.0} to

about three (3.0) pore volumes of water.

{0059] In certain embodiments, heavy and extra heavy crude o0il can be produced in sifu, ie.,
removed from an underground reservoir, for primary, secondary or terfiary recovery, by injecting
about one (1.0) to about five (5.0) pore volumes of a turpentine liquid. In other embodiments,
between abowt two (2.0} and about four (4.0) pore volumes of a turpentine liquid can be injected.
In certain embodiments, the turpentine liguid can be natural, synthetic or mineral turpentine that
inciudes about 50-70 volume % of a-terpineol, about 20-35 volume % of f-terpineal, 10 volume
% of o and/or B-pinene and about 5 volume % of other components can be used in conjunction

with steam injection.

[0060] Referring to Figure 1, an apparatus for the recovery of hydrocarbon-containing organic
matter from tar sands is provided. Apparatus 100 includes turpentine liquid supply 102, which
can optionally be coupled to a pump 104, to supply a turpentine liquid to contacting vessel or

extraction vessel 110. In certain embodiments, the turpentine liquid supply can include means
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70-90% vol 5-25% vol 5% vol 0% vol > 40 mesh (0.420 mm) 75-95% vol 0-20% vol 5% vol 0% vol

[0087] Similar&%\é\@%;gﬂ??own above with respect to the extraction of t?E’fﬁgg(ﬁrs §()§ﬂown in Table 4,
the formulation for extraction, liquefaction and/or solubilization of oil shale depends on particle size. In

one embodiment of the method for preparing a composition for extracting hydrocarbon-containing
organic matter, if the hydrocarbon rich particulate matter includes an oil shale and the mean diameter
of the particulate matter is less than about 0.074 nun, then the amount a-terpineol in the turpentine
liquid is deéareastd anel thpaatheuitod [3itepinesl dabbdiwpentinedigetdng neselasedbénaanother
embodiment, if the hydrocarbon rich particulate matter includes oil shale and the mean diameter of the
particulaténgimaé resagt dater ehareamslit Fazmehsamels tH dmearidediér sessyi 8 wirpkatine liquid is

decreased and the amount of [3-terpineol in the turpentine liguid is.incr
feeding apparatus IElc:or sug)ply?nrg) the tar sangs o .Bm m&et o ontac?cimgcv%?s%?ql{}. Optionally,

conveyor 108 can include 2 filter screen or like separating apparatus to prevent large particles
from being introduced into the process. Contacting vessel 110 includes at least one inlet for
turpentine liquid to be introduced and contacted with the tar sands. Contacting vessel 110 can
include a plurality of trays or fins 114 designed to retain the tar sands in the contacting vessel for
a specified amount of time, and to increase or control contact between the tar sand particles and
the turpentine liquid. In certain embodiments, the contacting vessel can be an inclined rotary
filter. An extraction mixfure that includes the extracting liquid and hydrocarbon-containing
organic matter extracted from the tar sands is removed from contacting vessel 110 via outlet 116,
which can include filter 118 to prevent the removal of solids with the extraction mixture that
includes the extracted hydrocarbon-containing organic matter. Pump 120 can be coupled to
outlet 116 to assist with supplying the extraction mixture to holding tank 122, Line 124 can be
coupled to holding tank 112 for supplying the extraction mixture for further processing. Afier
extraction of the hydrocarbon-containing organic matter, inorganic solids and other materials not
soluble in the turpentine liquid can be removed from the contacting vessel via second conveyor
126. Some turpentine liquids include, but are not lmited to, liquids that include a~terpineol and

B-terpineol.

[0061] Referring now to Figure 2, apparatus 200 is provided for the recovery of hydrocarbon-
containing organic matter from oil shale and other sedimentary rock formations that include
recoverable hydrocarbon materials. Oil shale sample 202 is supplied to grinder or crusher 204 to

reduce the size of the oil shale. Preferably, grinder or crusher 204 reduces the oil shale to
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WO 2009/038728PCT/U82008/010831 Table 4. Formulations for Extraction of Oil Shale based upon

Particle Size Pa tlcle éMeSh/mm diameter) a-terpineol f3-terpineol a-/ ther <200mesh
(0.074 mm) 60" Bos ?f 30% vol FChIRERG

between about 0.074 and 0.42 mm in diameter. Crushed oil shale may optionally be supplied to
a filter to ensure uniform and/or conforming particle size. First conveyor 206 provides particles
from grinder or crusher 204 to contacting vessel 208. Contacting vessel 208 is coupled to
turpentine liquid supply 210, which may optionally be coupled to a pump, and which supplies a
turpentine liquid to at least one inlet 212 coupled to contacting vessel 208. In certain
embodiments, the turpentine liquid supply can include means for heating the turpentine liquid.
Contacting vessel 208 can inciude a plurality of trays or fins 214 designed to retain the tar sands
in the contacting vessel for a specified amount of time, and to increase or control contact
between the tar sand particles and the turpentine liguid. In certain embodiments, the contacting
vessel can be an inclined rotary filter or trommel. An extraction mixtere stream that includes the
turpentine liquid and recovered hydrocarbon-containing organic matter from the oil shale is
collected via outlet 216 and supplied to holding tank 220. Pump 218 is optionally coupled to
outlet 216 to assist with the supply of the extraction mixture stream to holding tank 220. The
extraction mixture stream can be coupled to line 222 for supplying the extraction mixture stream
to further processing. Second conveyor 224 assists with the removal of inorganic or insoluble
materials from contacting vessel 208. Turpentine liquids can include, but are not limited to, e-

terpineo! and B-terpineol,

[0062] Referring now to Figure 3, apparatus 300 is provided for the recovery of hydrocarbon-
containing organic matter from coal. Coal sample 302 is supplied to grindgr or crusher 304 to
reduce the size of the coal. Preferably, grinder or crusher 304 reduces the coal to between about
0.074 and 0.84 mm in diameter, depending upon the quality of the coal sample. In certain
embodiments, the grinder or crusher 304 can be a wet grinder. Crushed coal may optionally be

supplied to a filter to ensure uniform and/or conforming particle size. Crushed coal is supplied
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5% vol 0% vol 40 mesh (0.420 mm) - 200 mesh (0. 074 mm) 70-90% vol 5-25% vol 5% vol 0% vol >40

mesh (0.420 %)275-93%0/2% vol 0-20% vol 5% vol 0% vol

009/0 PCT/O82008/010831

to first contacting vessel 306. First contacting vessel 306 is also coupled to a turpentine liquid
supply 308, which may optionally be coupled to pump 310, and which supplies the turpentine
liquid to first contacting vessel 306. In certain embodiments, the turpentine liquid supply can
include means for heating the turpentine liquid. First contacting vessel 306 includes mixing
means 312 designed to agitate and improve or control contact between the solid coal particles
and the turpentine liquid. An extraction mixture stream that includes the turpentine liquid and
recovered hydrocarbon-containing organic matier from the oil shale is collected via first
contacting vessel outlet 313 and supplied to second contacting vessel 316. Pump 314 is
optionally coupled to cutlet 313 to assist with the supply of the extraction mixture stream to the
second contacting vessel 316. Second contacting vessel 316 can include a series of trays or fins
318 designed to increase or conftrol separation of the solids and turpentine liquids. Optionally,
the second contacting vessel 316 can be an inclined rotary filter or trommel. The extraction
mixture stream can be collected from second contacting vessel outlet 320, which may optionally
be coupled to pump 322, to assist with supply of the extraction mixture stream to holding tank
324, Liquid coal and any turpentine liquid present in holding tank 324 can be supplied to a
liquid coal refinery or other processing step via line 326. Conveyor 328 can be coupled to
second contacting vessel 316 for removal and recovery of the solids as a by-product of the
process. Turpentine liquids can include, but are not limited to, u-terpineol and B-terpinecl. The

apparatus 300 can also be used to process high and Jow grade oil shale,

[0063] Referring now to Figure 4, process 400 is provided for the enhanced recovery of
hydrocarbon-containing organic matter from a hydrocarbon-containing subsurface formation.
Hydrocarbon-containing reservoir 404 is shown positioned below the surface 402. Production

“well 406 is already in operation. Injection well 408 is provided for the injection of a turpentine
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[0088] The extraction of crude oil similarly depends on the type of crude oil being extracted, liquefied,

and/or solubilized. As shown in Table 5, the formulation for the extractiop, liguefacti nd/or
solubilization (‘%OC%SQ Z(}?’osﬂgg\épends is a function of both particle size and %'ﬁij%%%i%%ﬁfe density of the

crude oil being extracted. The method includes providing a turpentine liquid formulation that includes
at least 50% by volume a-terpineol and at least 20% by volume p-terpineol; adjusting the amount of
a-terpineol and P-terpineol in the turpentine liquid formulation based upon the density of the liquid
hydrocarbbgulieivig sxéracted. heoneparibodimentadfitheA Rk gigviiabi) ediguitzhyar eedron being
extracted is greater than about 22, then the amount a-terpineol in the turpentine liquid is decreased
and the arptastien QB vpsheBI-heRIsEn g SERIRTGIPIS it e Suegsiry eincthee ban budigemt, if the API
gravity of theégi uidlg drocarbon being extracted is less than about 22, then the amount a-terpineol in
the turpenti WCIE% éﬁﬁ&?é’&%@%ﬁ?ﬁ&ﬁ%ﬁr WO RELEIHE SHRCHE ths Semmenitner s fecreased.
hs used hgrgin.analls have, ancunfabicastabgl it medlmSids lsARYe ARARL of WO
2009/038728PCT/US2008/010831 between about 22 and about 31, heavy oil has an' API of between

about 10 and-akaui 2R extia-bRReigifosmhdRE Obless thaniahesitcl Q-daklesbadagmulations for
Extraction of Crude Oil based upon API Density Crude Type apterpineol D-terpineol ad p-terpene
other Lighttmpegitim crude(API

[0064] In certain embodiments, the turpentine liquid for increasing production from an oil well is
provided that includes at least 30% by volume of natural torpentine, synthetic turpentine, mineral
turpentine, pine oil, u-pinene, P-pinene, e-terpineol, B-terpineol, y-terpineol, terpene resins, o-
terpene, B-terpene, y-terpene, or mixtures thereof. In other embodiments, the turpentine iquid
includes at least 30% by volume geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol,
pinane, 2-pinane hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isobomeol, p-
menthan-8-ol, a-terpinyl acetate, citronellol, p-menthan-8-yl acetate, 7-
hydroxydihydrocitronellal, menthol, or mixtures thercof In yet other embodiments, the
turpenting liquid includes at least 30% by volume anethole, camphene; p-cymene, anisaldeyde,
3,7-dimethyl-1,6-octadiene, isobomnyl acetate, ocimene, alloocimene, alloocimene alcohols, 2-
methoxy-2,6-dimethyl-7,8-epoxyoctane, camphor, citral, 7-methoxydihydro-citronellal, 10-

camphorsulphonic acid, cintronelial, menthone, or mixtures thereof.

[0065] In certain embodiments, the turpentine liquid includes at least about 40% by volume a-
terpineol. In other embodiments, the turpentine liquid includes at least about 25% by volume B-
terpineol. In yet other embodiments, the turpentine liquid inciudes at Jeast about 40% by volume
o-terpineol and at least about 25% by volume B-terpinecl. In other embodiments, the turpentine

liquid includes at least about 50% a-terpineol, and in certain embodiments also includes B-
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greater than 22) 40-70% vol 30-40% vol 10% vol 10% vol Heavy/Extra Heavy (API less than 22)

50-70% vol 20-35% vol 10% vol 5% vol [0089] In another aspect, a method for g)re aring a turpentine

liquid for enhawaﬁtﬁu%gé%%ry of liquid hydrocarbon-containing organic niattey HOM & &db-surface

formation is provided. The method includes providing a formulation comprising at least 50% by volume
a-teipineol and at least 20% by volume [3-terpineol, and adjusting the amount of a-temineol and
13-temineol in the formulation based upon the geological features of the sub-surface formation.

terpineol. In certain embodiments, the turpentine liquid includes at least 20% by volume of B-
terpineol. In certain embodiments, the turpentine liguid includes between about 50 and 70% by

volume of g-terpineo] and between about 10 and 40% by volume of f-terpineol.

[0066] In another aspect, a process for inereasing production from a sub-surface hydrocarbon-
containing reservoir undergoing enhanced recovery operations is provided that includes injecting
a turpentine liquid into the reservoir through an injection well to stimulate production of the
hydrocarbon-containing material. The turpentine liquid can include at least one compound
selected from natural turpentine, synthetic turpentine, mineral turpentine, pine oil, e-pinene, B-
pinene, a-terpineol, f-terpineol, y-terpineol, terpene resins, o-terpene, B-terpene, y-terpene, and
mixtures thersof. In other embodiments, the turpentine liquid can include at least one compound
selected from geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2-pinane
hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isoborneol, p-menthan-8-ol, o-
terpinyl acetate, citronellol, p-menthan-8-yl acetate, 7-hydroxydihydr0citronellai,. menthol, and
mixtures thereof. In yet other embodiments, the turpentine liquid can include at least one
compound selected from anecthole, camphene; p-cymene, anisaldeyde, 3,7-dimethyl-1,6-
octadiene, isobomyl acetate, ocimene, alloocimene, alloocimene alcohols, 2-methoxy-2,6-
dimethyl-7,8-epoxyoctane, camphor, citral, 7-methoxydihydro-citronelial, 10-camphorsulphonic
acid, cintronellal, menthone, and mixtures thereof. A hydrocarbon-containing organic matter
production stream that includes the turpentine liquid and recovered hydrocarbons is ;ecovered
from the production well associated with the hydrocarbon-containing reservoir.  The
hydrocarbon=containing organic matter production stream can be separated into a recovered

hydrocarbons stream and a turpentine liquid recycle stream. In certain embodiments, the method
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[0090] In another aspect, a composition for cleaning and/or recovering hydrocarbons from a liquid
hydrocarbon-c‘ggtza‘wipggyzgssel is provided, wherein the composition inclgg%%saz};lgj%s&sgpe compound
selected from nataral ?urpentine, synthetic turpentine, mineral turpentine, pine oil, apinene, 13-pinene,
a-terpineol, p-terpineol, y-terpineol, terpene resins, a-temene, J3-terpene, yterpene, or mixtures
thereof. In other embodiments, the composition for cleaning and/or recovering hydrocarbons includes
at least one compound selected from geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol,
pinane, 2-pinaribehyaidpatexidenderpin dudodta)tpinan algitidromnycengtlisehamenb the
p-menthan-8-ol, a-terpinyl acetate, citronellol, p-menthan- WO 2009/038728PCT/US2008/010831
8-y1 acetafictiRirdxydihydrocitronellal, menthol, and mixtures thereof. In yet other embodiments,
the composition for cleaning and/or recovering hydrocarbons includes at least one compound selected

from anethaiRcAMARRRE;BLY NERRANRARGYAR, g BG83 A5adiENS Hisghomyl acetate,

ocimene, alloocimene, allo6cimene alcohols, 2-methoXxy-2,6- dimethy1-7,8-epoxyoctane, éamphor,
citral, 7-metbaxydihyidiawireneiiahd-caniehoisylphanisasicvetspaalishsmenthang, and mixtures
thereof. In one embodiment, the composition includes at least one compound from the following:
a-pinene, Pqiivé ircledse thirtot offidip-togrirtenicriina tigthid ingmibofiirmeniepttieoggimaposjticivincludes at
least 25% by volume a-terpineol or 13- terpineol. [0091] In another aspect, a method for cleaning

and/or recB%8ridl KarbERRIGHReRS S TR Rs diBtdindrdes st VeRsEplumi GurIBEeothe method
includes coplaging iR sUQLALYe eI MYRracaRen.cleanind compasiin thal lpgudes at
least one compound selected from a-pinene, 13-pinene, a-terpineol, and terpineo to create a
mixture, wisgppiingMixiue.inciudas e dighicdrecarbon sesidus anditheydrpcarhem cleaning
composition. The mixture is recovered and removed from the vessel. In certain embodiments, the
cleaning coaeypesidicrenn cha desnatiteasit? 586 bypeolineBqpfdtieriheqhodyp:derpwtiol. inceastain other
embodiments, the cleaning cg;&osition includes at least 25% by volume of a-terpineol and at least

25% by voitRrsBcfiipiie dpethre robe Sodedz) Eramise thamysreareanplBoBoleftymetiiaPittsburgh
seam in Washington County, Pennsylvapia was |iquefied with reagent a-terpineo). The coal sample
was obta\i/\réllé%f’fl‘lr'ogirﬁl ﬁéﬂ%@%&%@éﬁ@%ﬂ%ﬁ%ﬁ%@ 1 BRI RR SrSBipRlEL g state
University guhigh pipvidedithe-follawingspreximate  Raly fes S0k 2 St alas: gegigd moisture,
9.25 wt. % of dry ash, 38.63 wt. % of dry volatile matter, and 50.12 wt. % of dry fixed carbon. The
particle sizad7ouabsampie wasaheat Ghlemestodhail, 6ogpaes of pdaminest wasgestyadded to
about 30 grams of the coal sample placed in an extraction vessel, thus giving rise to the
reagent-tolhysfé Rativebietoin yethethen spladinmtso Btighieecalptsentimeticmuessaiteomaining the
resultant mjxture of a-terpineol and coal was maintained at the constant temperature of about 96C and

continually StaftP AR 58Iy IREBSISFBIREEN R BroURALRS Honid St 817 Vees B mained at
the ambiegwfpﬁ}gr%?}@gm A ﬁ?eéhaﬂl %%HEI%S%B%T%%P@ES%\?{% r(%n@tfmji ﬂ%%rﬁlact?o t 30 minutes, the

mixture was filtered coal particles retained on the filter were washed wit e#ngrlfglt%nd dried to
a constantusighty dy thakasis af waigbtiseitbaccRp RIS Gt R SHEBreRlaUefactoN, of the
coal sample was determined to be about 68 wt. %. [0093] Example 2. This example is identical to
Example laid alflemspecibexetpt tivasiiicfomthnteining ththiempataiureadiainguir@6E, fanabout 30
minutes, as done in Example 1, the extraction vessel containing the coal sample and a-terpineol was
maintaineddi"§ RiM3ErakAE BB {IBYT RO KPR AR partedingr aflso seR0d#m tREY e Phe pressure
in the extr:(;}cit::ig1 m\r/lg%égli Igcelrmd%ingtd 'E) g&)enambient pressure of slightly less than about 1.01x105 Pascals
(1 atm). ThB conversion, 1.e., the egreegbf liquefaction, of the coal sample was determined to be

about 70 wt.
[O068] In another aspect, a turpentine liguid for the recovery of hydrocarbon-containing organic

matter from tar sands is provided. In one embodiment, the turpentine liquid includes at least

about 30% by volume a-terpineol and at least about 25% by volume B-terpineol. In another
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04. [0094] Example 3. The coal sample used was from the same source with the same proximate

analyses as tiwggfo ;ﬁ%%the preceding two examples. About 31 gramsi,g{“/%gﬁ}%}&%%were added to
about 31 grams of the coal sample in an extraction vessel. The mixture was maintained at about 96C

and an ambient pressure of slightly less than about 1.01x105 Pascals (1 atm) for WO
2009/038728PCT/US2008/010831 about 30 minutes. The conversion, i.e., the degree of liquefaction,
of the coal sample attained was determined to be about 71 wt. % by weighing the sample after
filtering, washidigheahdiaryingramd dqged nnitedps doouing deoieXhmp @809 98] Exasrpieikol his example
is identical to Example 3, except that about 30 wt. % of aterpineol was replaced with hexane, providing
a reagent'%FF&FH?&B%@?G‘%@%&%@%W‘W‘?@IW{P & 3heRhHEs PHileae cdgrasaccaifdsion, ie.,
the degre? o{)})i%ul%f@ tionofo at}gyt 1.3 wt. %. [0096] Example 5. The source and proximate analyses of

anou vl SN, . -
coal sampfe’and expenmental conanions in terms of temperature, pressure and reagent-to-sample

ratio for this example were the same as those of Example 3. The duration of the extraction, however,
was redugeocirpm ahehitr3gyaindesheabeul Aodninutesyvédditiodatharabotin3Onivg Yegahihe
a-terpineol was replaced with | -butanol, providing a reagent that includes 70 wt.% a-terpineol and 30
wt % 1- bunais] fiore Heghogdo e aiawtsasi st vas BhI*ansle 6muaghsntT dORESR ¢t t§ conversion

of about 1.0 wt, %. [0097] Example 6, This example js the same as Example 3 in terms of the source
and proximStadsha L8R TSI asthie Wéﬁep%?glt Fé‘jﬁﬁ%rlgssghlr%ea%r%o&tﬁg?& Yot & Fraction. The

amount of fhe coal sample used: was, fIOVIRYEL 2 ; 4P damsandhedsadent cametiagd about 24

grams (80 wt. %) of a-terpineol and about 6 grams (20 wt. %) of xylenes, providing a reagent that

includes 7ywa Ychrtecpiieetansddd nind8oglonesiuiiie: cagliligleledwasallastah ASgrams,
corresponding to conversion of about 40 wt. %. [0098] Example 7. In this example, coal from the
Wyodak seemmin{Canpipbs]l @donbput\leinting cme iirafind. \oitth we 4 ebnua-16¥p ewt IePeoal sample
was obtained from the Coal Bank at Pennsylvania State University, which provided the following
proximate'8@&ses for it; 26.30 wt.

{06070] In another aspect, a turpeﬁtine liqﬁid for recovening hydrocarbon-containing organic
matter from low grade coal sources is provided. In one embodiment, the turpentine liquid
includes at least about 60% by volume o-terpinecl and up to about 30% by volume B-terpineol.
In another embodiment, the turpentine liquid includes between about 60 and 95% by volume a-
terpineol, up to about 30% by volume f-terpineol, up to about 5% by volume a-terpene, and up

t0 about 5% by volume B-terpene.

[0071] In another aspect, a twrpentine liquid for recovering hydrocarbon-containing organic
matter from oil shale is provided. As used herein, oil shale generally refers to any sedimentary
rock that contains bituminous materials. In one embodiment, the turpentine liquid includes at
least about 60% by volume a-terpineol and up to about 30% By volume B-terpineol. In another

embodiment, the turpentine liquid includes between about 60 and 95% by volume o-terpineol, up

27



WO 2009/038728PCTTUS2008/010831 % of as-received moisture, 7.57 wt. % of dry ash, 44 86 wt. %
of dry volatile wgtteorgﬂ%g% 847.57 wt. % of dry fixed carbon. The coal sampé%% Zaorti/g{ggg{ze was about
20 mesh. About'60 grams of a-terpineol was gently added to about 30 grams 0f the coal sample
placed in an extraction vessel , a reagent-to-sample ratio of about 2 to I. The capped, but not tightly
sealed, extraction vessel containing the resultant mixture of a-terpineol and coal was maintained at a
constant temperature of about 96C and continually agitated. Without boiling of the a-terpineol, the
pressure 8 Hhewes0BCcHpRokass @l rematicchat tteantiéntyalessurecafcalightty e ss dhan shout
1.01x105 Pascals (I atm). After about 30 minutes, the mixture in the extraction vessel was filtered and
the coal patielemedtagmeacon the filter were washed with ethanol and dried to a constant weight. On
the basis of weight loss, the conversion, i.e., the degree of liquefaction, of the coal sample was
determinagds, P o fo A ChIXAME R a0 B AYREHRERLIS bif, RARPIR IER KRG out under
the conditions identical to those of the preceding example except oné. About 15 grams of a-terpineol
were addgghainstaat R mheulbd gameias dank iRthappeedingdxampie: torpbout 3Qgsams of the
coal sample, thus attaining the reagent-to-coal ratio of 0.5 to 1. The conversion, i.e., the degree of
liguefactionslofithetdesst shmplE0attdiet decrelagwdaftomringbbard Bt imrsymbattaifethindié pyeceding
example, to about 69 wt. %. [00100]Example 9. In this example, about 3ggrams of oil shale from the

Green-rivéPHERidhiaPBetbr Fs-hALs e GBRoEm M sUREY B dInsbirgidr hsretiie®ting rise to the
4or bitu enté%ri%%pic matter)

reagent-to-sample ratio of 3 tg 1..ta extract kero Qraanpic matt %nagg
from it. Thaél%sgggl’rﬁ’ carbon %c%ﬁ?énr?to,?’l)r%)g uéfﬁga%(gﬁgéoalra%@%r% f}]){(%e c rb%rﬂl,n\ef\?a’suae ermined to be
about 22.@50);;\4;3,%%@@.%@@3@’ ARAlYSISSOMPRIYLY WRAXparmeaats with the oil-shale samples,
having the particle size of 60 mesh, were carried out under the ambient WO
2009/038728PCT/US2008/010831 temperature and pressure of about 25C and slightly less than
about 1.0 P0/Bddnrasthsrsaspestng) reepBetiaRd TREArgHeISsRCBrEHY B arARIRS SRR Bétermined by
weighing after,filterin%,i}_/vgs ing wit ethahnol, and drg/.' gﬁlThese Lo ses W%re about 9 Ylytizi%’ after about

30 minute¥ERY ‘Do atterAnd Ut 4s ?n“i!rﬁiﬁte’llsn HSRY RS TGNt foSBE8 s 8 version, ie.,

the degreg, of,gXtraGHON  QUIANIG ALy SorkBLQORN,ARG QLRILHTISR. AT SSUMAleS, tp,be about 40
wt. % for the former and was about 75 wt. % for the latter. [00101]Example 10. This example
duplicated $hepresagingeXamplesvihvbe-sxtopt amihaing BipglereXaes teenkrastirg@bout 15
minutes, was carried out at the temperature of about 96C, instead of about 25C. The weight loss of the
oil shale s#Hivpe vawnebtiriipenk botwemsr sbspottting 46%Hey cohwes Sideipinsolihe idagputbléfextraction, of
kerogen (organic matter) of about 53 wt. % [00102]Example 11. In this example, bitumen (organic
matter) in T4~ SHRELHEIRFISEALP ©AR80 WY S8BT P48 extracted with commercial grade
synthetic turpentine. The tar-sands sample was obtained from Alberta Research Council, which
provided thgo]lenipeRioxaatle analyses: fRed Shdtiylr-daidosalidss blafwimdas ey bitumen,
and 4.0 wt. % of as-received moisture. About 30 grams of synthetic turpentine were gently added to
about 15 grasasieitipertadedarids sethplantludasappetd, Hhivimatitightly isdaledhdextrastote wdasel | utilizing
a reagent-to-sample ratio of about 2 to | by weight. This extraction vessel , containing the resultant

mixture ofs8yhEBRLCHIREFIf R AFic Tt SamEs! é%if&%Yﬁ@&%f‘é%ﬁéﬁﬁf?éﬁiﬁ%?ﬁ@iﬁf about 96C
and continugly d%glif?ﬁe%%u‘é\"@&“%ﬁ?"(')Pqn‘s?&i}%‘ﬁegﬁ%?%é‘r?ﬂ? tﬁ‘%e{‘aggsg{l hgﬁf, %?Esuéglgmlit g,§raction

vessel remaine € ambientpressure 0 yless than a als (f gtm). After
about 2_0 %%E%%th@smiXWﬁ%&ht% XHAcHan x)’e%§§lei!n‘éi§§e§”ﬁr?éi_s@%%hﬁiéoﬁgssﬁﬁéﬁﬁﬁgqs) retained
on the filter were washed with ethanol and dried to a constant weight.

turpentine liquid for recovery of hydrocarbons from the tar sands. The tar sand sample is

contacted with a turpentine liquid to extract the hydrocarbon-containing organic matter from the

tar sands to produce a residual material and an extraction mixture. The extraction mixture
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WO 2009/038728PCT/US21108/010831 On the basis of weight loss, the conversion, i.e., the degree

of extraction, of(l):)itugn(%n_/fzrsom the tar-sands sample was determined to bp% %bcs)uot(}%/go s\/g}. %.
[00103]Examgre TP example, about 60 grams of the tar-sands samp% HEH e same source

with the same proximate analyses as those of the preceding example were extracted by about 60
grams of a-texpineol, instead of commercial-grade synthetic turpentine, which includes a-terpineol.
The resultant reagent-to-sample ratio was 1 to 1 instead of 2 to 1 as in the preceding example. The
experimenhdasiediabaupaimnmingias aidhedesnpr atiiseticabent66s ungerdheasaspigat peessure of
slightly less than about 1.01x105 Pascals (1 atm). The conversion, is., the extent of extraction, of
bitumen (oegfdnit matatad)isrseher aigd Sarmdh s anpentingdised ter mirdvdetbydeetvomn Irodupitstigam
[00104]Example 13. In this example, about 60 grams of the tar-sands samég(lx? from the same source

with the s4ie? SBRAHATC AHAAG2E'S S B !B B R EaBIE S3aFe BB by about 60
grams of syyhetietymentine.ayhishie Lihe sompeisiahorads, The eshliantigaogptigssample ratio,

therefore, was abolt 1 to-1. The experimént was carried out for about 30 minutes at the temperature of

about 96C.mpdanihes ambippiaressiaelalightiylesednanabnuich QxR Paseaisddalsn) The

conversion, i.e., the degree of extraction, of bitumen (organic matter) in the tar-sands sample was
determineprédusesabru bidtiet nhefi60d DG} E xespptesttehrT he experiment in this example duplicated that
in Example 8 in all aspects except that the reagent-to-sample ratio was reduced from about 2 to 1 to

about 05 [g,1; AlRout 60 rams o e 13 sade, sample was extiacied by.about 30 grams of syntheti
turpentine; whni hiis o %he commercial grade. € conversion, |.e.,]f e degree of extraction, of bitumen

(organic wm%ﬁmg&g,eaﬁe@.gamn@b {dLOR Wek@e2danad. b ERmMAlG QoiQ-RDRUEAR- s WO
2009/038728PCT/1JS2008/010831 [00106]Example 15. The experiment in this example repeated that
of the precediren 10 and 40% by weight B-terpineol. In certain embodiments, between 0.5 and 4

equivalents of the turpentine liquid is used to contact the tar sands and recover hydrocarbons. In

certain embodiments, between 0.5 and 2.0 equivalents of the turpentine liquid is used to contact

the tar sands and recover hydrocarbons.

[0076] In another aspect, 2 method for recovering hydrocarbon-containing organic matter from a
hydrocarbon rich oil shale is provided. The method inciudes mining a rock formation that
includes hydrocarbon-containing organic matter to produce a hydrocarbon containing oil shale
that includes a recoverable hydrocarbon material and inorganic or insoluble material. The oil
shale is ground to produce crushed hydrocarbon-containing oil shale. The crushed hydrocarbon-
containing oil shale is then filtered with a filter screen to prevent or control the excessively large
particles from being supplied to the extraction process. The crushed hydrocarbon-containing oil
shale is fed to a contacting vessel, wherein the contacting vessel includes at least one inlet for
supplying a turpentine liqud for recovery of hydrocarbons from the crushed hydrocarbon-
containing oil shale. The crushed hydrocarbon-containing oil shale is contacted with the

turpentine ligquid to extract the hydrocarbon-comtaining organic matter from the crushed
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example with a-terpineol instead of the commercial-grade synthetic turpentine. The conversion, i.e.,
the degree of extracti f bitumen (organic matter) in the tar-sands sa t 70 wt. % as in
the preceding&é)g()z;izpﬁé)}%.g 0107]Example 16. The experiment in this exa?ﬁ%@%@?@@ﬁ%d out under the
ambient pressure of slightly less than about 1.01x105 Pascals (1 atrn) with the tar-sands sample from
the same source with the same proximate analyses as those in the preceding examples with tar
sands. About 60 grams of commercial-grade synthetic turpentine was added to about 60 grams of the
tar-sands bainplebdhusmpining rise dalth&reagent-taeganipleciaticand aboutrictei .nikerkerhperature of
the sample and commercial-grade synthetic turpentine was maintained at about 65C for about 30
minutes folekdsd By Boptiiinediand ard seovatedibet B mintednseyie qustlbineitsridands sample
was filtered, washed, dried and WEI%hEd. On the basis of wel Qt()lga%_gé Ighe é:gen\éreariglcfg%éietg the degree

: fract 2
of extractidi, SP BT IER (Sraa IR R A ttatfre-?acﬁvsr%a??fp eas détermne & about 70 wt.

%. [001-08&55@%%%& Hsaxperinaninghis suamnietenaatedataf e pregriing.gxample with

a-terpineol instead of commercial grade synthetic turpentine. The conversion, i.e., the degree of
extraction i il Reb(OIganiC thaalipehinerppse ek tocdatea R0 dvtc Yol ftomiadaint-40ind vBssaf the
preceding examples. [00109]Example 18. In this example, a tar-sands sample, weighing about 30
grams, frobn diersashedsoenise thrttrushedshyderqbsinsantainingdypsbshals s senvrmERemgiietzd ofthrough 17,
was extracted with a liquid that included about 20 grams (80 wt. %) of a-terpineol and about 5 grams

(20 wt. %)SF B H S T Belnrs or Bt setodimernt hnBEhedrRsdisEurERyhtly less WO
2009/03872 59&%&%&5{’8%{919%%& @k&%%é %iPsgéi'eE’ﬁ.Ea&gQQA%H&f%ém aqm%e%%ﬁa} iop ot the
eS. T igh

experimenty reaction or extraction time) was about 30 minutes. e w oss of the sample was

about 10.2.gramsd sepmcthisowaishrlossptheconnRisiRnuiRnthe degrepebaxiractian oaf hitumen

(organic matter) was estimated to be about 33 wt. %.
pinene, B-pinene, a-terpineol, B-terpineol, y-terpineol, terpene resins, u-terpene, B-terpene, y-
terpene, or mixtures thereof. In other embodiments, the turpentine liquid includes at least one
compound selected from geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2-
pinane hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isobomeol, p-menthan-8-ol,
u-terpinyl acetate, citronellol, p-menthan-8-yl acetate, 7-hydroxydihydrocitronellal, menthol, and
mixtures thereof. In other embodiments, the turpentine liquid inciudes at least one compound
selected from anethole, camphene; p-cymene, anisaldeyde, 3,7-dimethyl-1,6-octadiene, iscbornyl
acetate, ocimene, alloocimene, alloocimene alcohols, 2-methoxy-2,6-dimethyl-7,8-epoxyoctane,
camphor, citral, 7-methoxydihydro-citronellal, 10-camphorsulphonic acid, cintronellal,
menthone, and mixtures thereof. In certain embodiments, the turpentine liquid can include o-
terpineol. In other embodiments, the turpentine liquid can include at least about 40% by volume

a-terpineol and between 10 and 40% by weight B-terpineol. In certain embodiments, between

0.5 and 4 equivalents of the turpentine liquid is used to contact the oil shale and recover
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[00110]Example 19. Three tar-sands samples, all from the same source with the same proximate
analyses as t in all preceding examples with tar sands were gents
comprising vzﬁ%u%’@r%%ﬂﬂﬁts of a-terpineol and ethanol at the temperatl?gﬁgﬁéa%%%%&{éi under the
ambient pressure of slightly less than about 1.01x105 Pascals (1 atm). The duration of each
experiment (reaction or extraction time) was about 15 minutes for each tar-sands sample. The first
sample was extracted with a mixture comprising about O gram (0 wt. %) of a-terpineol and about 15
grams (10Q-acHpaletnanal i@ganithpure ethanekrhe sebodticheampletwas extragiedamith a mixture
comprising about 7.5 grams (50 wt. %) of a-terpineol and about 7.5 grams (50 wt. %) of ethanol. The
third samshinelenesaf detdermneiting daitliscessiprisiag iseuk shaleradrsc@onhydsagioasterpineol and
about 3 grams (20 wt. %) of ethanol. The weight losses and the estimated conversions, i.e., the

dearees ob@ AR08 RMISLAIAANE AR I Lies SAMBISR.ELE RGP & pram (10wt

%), 0.6 gr .0 wt. %) and 0.9 gram (4.5 wt. %), for the first, second and third sample, respectively.
[00111]ExampiRrQuiiagsarrshansd pelatsiaicommertiabgrada.asphaliryhaseaaiage size was
about 15 mm were solubilized and extracted with a-terpineol and at the ambient temperature of about
22C undefotiveation bie prghessord, ofvsligitlyhe ssdharlatoue Te0dwet@8ePiaskatsrbratnm)aifing first sample
weighing about 20 grams was solubilized and extracted with about 40 grams of a-terpineol, and the

second saTEIRECARESH aRGHGEARI6 R 2 efiktn SiadabosiFoal L A ek 8 AreduRAtFaBERIEZY grams of

a terpineol. Boly sqmples were complelcly, WQ,200/038728P CTUS20081010831 gissolved after 30
minutes. These experiments were carried out to simutate the solubllization and extraction of heavy
crude oil, whighiends:do, beHichdnirsphalienesJikeasrhalls [ROL1LExample 8l sigdhiaexample,
bitumen (organic matter) in tar-sands from the same source with the same proximate analyses as
those usedipentirerédiod fexamplaes withhidrosandsswasmsotultiidecbandmixt@cieddvitittwievarieties of
vegetable oils, soybean oil and corn oil. The vegetable oils are completely miscible with turpentine
liquid. In themfrsinedisarhie srtactaha Srdre sahams drovaitsipy disd sealSgpafco/aerBteisoelidind agitated
continually with about 30 grams of soybean oil for abouH éf ngénutes at th _te,?‘I eJrature ofdabout 96C
Linder the S BT A LS8 PR B SRy R HRa ABGL 0 1S LS PRERons i ey

weIight loss was
about 0.5 gyfég&ljggﬁswwiﬂaﬁ £RDVERRIRNrE oS AeEssALEXTAHOR RIRIMSRIR hgsSample was
estimated to be about 3.3 wt. f%) In the second experiment, a tar-sands sample weighing about 30
grams wasblereed-andagiatodcantipyateavibnbptbfegiamsicar poikiar abquid3aninutes at
the temperature of about 175C under the ambient pressure of slightly less than about 1.01x105
Pascals (Imatdhict Titreamedgthtd dugpentiscabouit 48yglamisfromiwisistnith endendiaesionthigenetheddegree of
extraction, of bitumen in the s_amgle was estimated to be about 12 wt. %. [00113]Example 22. Two

tests wereFaHBIRTBESTBETEE L% BERSAENS P Ebrer elifmgiers dodBeTantrs ing ittt &t vehgent
njection ofoll (EERNEILIOM.A0Sa 108 fishissttiar depianan e Aelerainedidnaemanpor recovery
ie r

due to a- terpineo m;ecﬁo’n afier a ad already undérgone waterflooding to'the limit. The selected
core contaipBdddhidtinkOfJaarirnhalk&imuRlinearues pikilhe waiesliardingaitheanuaous solution
containing 3.0% of potassium chloride produced 4.6 mL of oil. Five (5) pore volumes of a-terpineol
injection pabelutdieladalitidnak3a6il embodinahithtretyaleavirig tivdudere wigh esdk:theh 18:08¢ of oil

remaining in the original volume. The second test was designed to represent the increased recovery
that could ean particle size of less than about 0.84 mm.

[0078] In yet other embodiments of the method for recovering hydrocarbon-containing organic
matter from coal, the turpentine liquid includes at least one compound selected from natural
turpentine, synthetic furpentine, mineral turpentine, pine oil, a-pinene, -pinene, u-terpineol, p-

terpineo], y-terpineol, terpene resins, a-terpene, P-terpene, y-terpene, or mixtures thereof. In
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WO 2009/038728PCT/US2008/010831 expected from a virgin reservoir with a-terpineol injection. The
selected core C(‘%)nt(f';}}i9 %%7%.85 mL of laboratory oil simulating crude oil. Oilcproduction began after
approximately%. pore Volumes of a-terpineol injection, which was continued an |1(°é{?%3f)ore volumes;
however, the majority of the oil was recovered after only 2.5 pore volumes of a-terpineol injection. A
total of 7.94 mL of laboratory oil was recovered, thereby leaving the core with less than 7.5% of oil
remaining in the original volume. [00114]In one experiment, various different ratios of a turpentine
liquid to tanisardsatinpstytret tgstathe Thpitunpanien et liggsidforcemphuat thdeatxp E&vmentmipilpvided below
had the same formulation, wherein the composition included about 60% by volume a-terpineol, about

20% by vEiGHTES-fEpitas (P aneniBdut-9596 biroeluians tpindesh P eEp-identrepindvetratelifferent mix

of ores frgm Albe taig, ada, having a bitumen content of approximately 12% b ight and a water
ég) {l\ii\l/%ogh d g(’]n a] gog'o ?han—%—o% - ? a t}/

wej
content of Be ABSUPAETE Dy WeIGRE “rhE EXBeriments werd AN péffitified S SufosPheric

temperatyfen{RR1LSIASRROVIHDHIARIEHS DS A dRACHRRNRA hYsf agaRARS fipmansangs across all

ratios provided below (i.e., ratios of turpentine liquid to tar sands ranging from 1:2 to 2:1) resulted in
good recoxabydihbiyer asatharataadiile dishaesiate difenancemyitharespest tardhe A@nmprrature at
~which the extraction is carried out, it is believed that the optimum temperature for the extraction,
solubilizatiemrisdtortiguetactignieidydrocarsbrsthdrh tackditas. is8b@n sashieten iitmadable, at
about 130C, the amount of hydrocarbons recqvered is reduced. It is noted however, that for certain

solids from Rt R APART AR SRt AT FB Vet B BPS R o EPTRPE 8 G R mPB Ature of the

extraction.sg| incre ns. recoyered, Fijnally, it is shown
e B R U b 10691

that exposure tim very litt
materials thatyyeremexdrasiashobhimindkely hepaiise thpahpdeateXracioplme,Wasse minutes,

which is believed to be more than adequate for the extraction of the hydrocarbons from tar sands.
Table 6 T&rpineol. In certain embodiments, the turpentine liquid includes at least 45% by volume a-
terpineol and at least about 15% by volume B-terpineol. In certain other embodiments, the
tarpentine liquid includes at least 60% by volume o-terpineol and up to about 30% by volume -
terpineol. In certain embodiments, between 0.5 and 4 equivalents of the turpentine liguid is used
to contact the oil shale and recover hydrocarbon-contfaining organic matter. In certain

embodiments, between 0.5 and 2.0 equivalents of the turpentine liquid is used to contact the oil

shale and recover hydrocarbon-containing organic matter.

[0079] In another aspect, a system for recovering hydrocarbon-containing organic material from
tar sands is provided. The tar sands recovery system includes a tank for supplying a turpentine
hiquid and a contacting vessel, wherein the contacting vessel includes at least one inlet for
infroducing the turpentine liguid and at least one outlet for recovering an extraction mixture from
the contacting vessel. The system also includes a first conveyor for supplying tar sands to the
contacting vessel. A holding tank that includes a line connecting the holding tank to the

contacting vessel is provided, wherein the line connecting the contacting vessel and the holding
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tank includes a filter to prevent the passage of solids to the holding tank. The system also

includes a second conveyor for the recovery and transport of the solids.

[0080] In one embodiment, the contacting vessel is a rotary inclined filter that includes a series
of fins or trays for separating and or controlling the tar sands. In another embodiment, the fins or
trays are provided to increase or control the contact time between the tar sands and the turpentine
hiquid. In certain embodiments, the turpentine liquid can include a-terpineol. In other
embodiments, the turpentine liquid can include between about 30% and 70% by volume o-

terpineol and between about 25% and 55% by weight B-terpineol.

[0081] In another aspect, a system for recovering hydrocarbon-containing organic matter from
oil shale is provided. The system includes a tank for supplying a turpentine liquid and a grinder
for comminuting the oil shale to a reduced particle size. A contacting vessel is provided that
inchudes at least one inlet for introducing the turpentine ligund, at least one inlet for receiving
crushed oil shale, at least one outlet for recovering solids from the contacting vessel and at least
one outlet for recovering an extraction mixfure from the contacting vessel. A first conveyor is
provided for supplying crushed oil shale to a contacting vessel. The system further includes a
holding tank, wherein the holding tank includes a line connecting the holding tank to the
contacting vessel, wherein the line inchides a filter to prevent the passage of solids to the holding
tank; a secoﬁd conveyor for recovering solids. In certain embodiments, the system further
mcludes a line for supplying a reaction mixture including recovered hydrocarbons and the
turpentine liquid to a refinery for further separation and/or processing. In certain embodiments,
the turpentine liquid can include a-terpineol. In certain embodiments, the turpentine liquid can

include between about 60% and 95% by volume a-terpineol and up to about 30% by weight §-
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terpineol. In other embodiments, the turpentine liquid can include between about 70% and 90%

by volume a-terpinecl and between about 5% and 25% by weight B-terpineol.

[00827 In another aspect, a sysiem for recovering hydrocarbon-containing organic matter from
coal is provided. The system includes a tank for supplying a turpentine liquid and a grinder for
qomnainuting coal fto produced paﬁicuiate matter of a reduced size. A contacting vessel is
provided that includes at least one inlet for introducing thé turpentine liquid and at least one
outlet for recovering solids and liquids from the contacting vessel. The contacting vessel
includes also stirring means for thoroughly mixing the turpentine liquid and the comminuted coal
. A separator is provided for separating the solids and liquids, wherein the separator includes an
inlet, an outlet and a line connecting the inlet of the separator to the outlet of the contacting
vessel. The system also includes a holding tank, wherein the holding tank includes a line that
connects the holding tank to the separator, wherein the line can include a filter to prevent the

passage of solids to the holding tank.

[0083] In certain embodiments, the system further includes a filter for selectively preventing
particles having a mean diameter greater than about 0.85 mm from being introduced to the
contacting vessel. In certain other embodiments, the system further includes a line for supplying
a liquid coal product to a refinery for further processing. In certain embodiments, the system
further includes a first conveyor for supplying cruéhed coal to the contacting vessel. In other
embodiments, the system further includes a second conveyor for removing solids from the
separator. In certain embodiments, the turpentine liquid can include o-terpineol. In
embodiments directed to the recovery of hydrocarbons from high grade coal, the turpentine
liquid can include between about 45% and 80% by volume o-terpineol and between about 15%

and 45% by weight B-terpineol. In embodiments directed to the recovery of hydrocarbons from
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low grade coal, the turpentine liquid can include between about 60% and 93% by volume o~

terpineo! and between about 0% and 30% by weight B-terpineol.

[0084] In another aspect, a method for optimizing a turpentine liguid for exiraction of
hydrocarbon-containing organic matter from hydrocarbon containing matter is provided.
Generally, the method includes providing a sample of the hydrocarbon-containing material and
analyzing the hydrocarbon material to determine the type ofhydrocarbon being extracted. A
formulation for extraction of hydrocarbon-containing organic matier from the hydrocarbon
material is provided, wherein the formulation is a function of the type of formation and the size
of the particulate hydrocarbon material. Generally, the formulation includes at least about 40%
by volume a-terpineol and at least about 10% by volume P-terpineol. The amount of a-terpineol
and P-terpineol in the formulation is then adjusted based upon the parameters noted above. In
general, while the above noted method provides a good starting point for determining the desired
formulation for extraction of various hydrocarbon containing materials, for other hydrocarbon-
containing materials and under specified operating conditions, either a series of statistically
designed experiments or a series of experiments according to an optimization method can be

performed to determine the optimum composition of the liquid turpentine.

[0085] As shown in Table I, the specific formulation for extraction, liquefaction and/or
solubilization of hydrocarbon-containing organic matter from tar sands varies based upon the
particle size. In certain embodiments, the method for preparing a turpentine liquid for extracting
hydrocarbon-containing organic matter from tar sands includes adjusting the amount of o-
terpineol and B-terpineol in the formulation as a function of the size of the hydrocarbon rich solid
particulate being extracted. In other embodiments, if the hydrocarbon-containing organic

particulate matter includes Jow grade coal or an oil shale, the amount a-terpineol in the
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turpeniine liquid is increased and the amount of B-terpineol in the turpentine liquid is decreased.
In other embodiments, if the hydrocarbon-containing organic particulate matter includes tar
sands, the amount a-terpineol in the turpentine liquid is decreased and the amount of B-terpineol
in the turpentine liquid is increased. In other embodiments,. if the hydrocarbon-confaining
organic particulate matter includes tar sands and the mean diameter of the particulate matter is
less than about 4.76 mm, then the amount u-terpineol in the turpentine liquid is decreased and
the amount of B-terpineol in the turpentine liquid is increased. In other embodiments, if the
hydrocarbon-containing organic particulate matter includes tar sands and the mean diameter of
the particulate matier is greater than about 1 inch (1 mesh), then the amount o-terpineol in the

turpentine liquid is decreased and the amount of P-terpineol in the turpentine liquid is increased.

Table 1. Formulations for Extraction of Tar Sands based upon Particle Size

Particle Size | a-terpineol P-terpinec] a-/ B-terpene other
{Mesh/mm '
dianteter)

< 4 Mesh (4.76 | 30-50% vol 35-55% vol 10% vol 5% vol
miii)

1 mesh (1 inch) - | 40-60% vol 30-50% vol 10% vol 5% vol
4 mesh (4.76

mim)

> 1 mesh (1 inch) | 50-70% vol 25-45% vol 10% vol 5% vol

[0086] Similar to what is shown above with respect to the extraction of tar sands, as shown in
Tables 2 and 3, the formulation for extraction, liquefaction and/or solubilization of coal depends
both on particle size and on the quality of the coal being extracted. In one embodiment of the

method for preparing a turpentine liquid for extracting hydrocarbon-containing organic matter, if
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the hydrocarbon-containing matter includes anthracite, bituminous coal, or other high grade coal
and the mean diameter of the particulate matter is less than about 0.15 mm, then the amount a-
terpineol in the turpentine liguid is decreased and the amount of P-terpineol in the turpentine
liquid is increased. In other embodiments, if the hydrocarbon rich particulate matter includes
anthracite, bituminous coal, or other high grade coal and the mean diameter of the particulate
matter is greater than about 0.84 mm, then the amount a-terpineol in the turpentine liquid 1s
decreased and the amount of B-terpineol in the turpentine liquid is increased. In another
embodiment, if the hydrocarbon rich particulate matter includes low grade coal and the mean
diameter of the particulate matter is less than about 0.074 mm, then the amount a-terpineol in the
turpentine liquid is decreased and the amount of B-terpineol in the turpentine liquid is increased.
In another embodiment, if the hydrocarbon rich particulate matter includes low grade coal and
the mean diameter of the particulate matter is greater than about (.42 mm, then the amount -
terpineol in the turpentine liquid is decreased and the amount of B-terpineol in the turpentine

liquid is mncreased.

Table 2. Formulations for Extraction of High Grade Coal based upon Particle Size

Particle Size | o-terpineol B-terpineol a-/ f-terpene other
{(Mesh/mm

diameter)

< 100 mesh | 45-65% vol 35-45% vol 10% vol 0% vol
(0.149 mm)

20 mesh (0.841 { 50-70% vol 20-40% vol 10% vol 0% vol
mm} — 100 mesh

(0.149 mm)

> 20 mesh {0.841 | 60-80% vol 15-35% vol 10% vol 0% vol
mm)




80 65 30 [00116]Additional experiments were conducted using alternative solvents, namely ethanol
and corn oil, which was compared with the composition that included about 60% be/ volume
a-terpineol, ab‘gﬁtz%(%f%svolume P-terpineol, and about 20% by volumg(if-%%(’l?‘?ééﬁgﬂs noted in Table
7 provided below, the performance of ethanol and corn oil were unexpectedly substantially lower than
the composition that included 60% by volume a-terpineol, about 20% by volume P-terpineol, and about
20% by volume y-terpineol. For example, whereas the terpineol composition achieved complete or
nearly corngleie.eriracilnif foxEaciaiie HFacarRImEHsryie Ped-ady.4 0% of the recoverable

hydrocarbons and heated corn oil yielded only 33% of the recoverable hydrocarbons. WO
2009/038728PCT/US2008/010831 Tahle.Z.Chemical Tar Sand \Alpight,
Particle Size | a-terpineol 1 B-terpineel a-/ Pp-terpene other
{Mesh/mm
diameter)

< 200 mesh | 60-80% vol 10-30% vol 5% vol 0% vol
(0.074 mm)

40 mesh (0.420 | 70-90% vol 5-25% vol 5% vol {0 vol
mm) — 200 mesh
(0. 074 mm)

> 40 mesh (0.420 | 75-95% vol 0-20% vol 5% vol 0% vol

mm)

[0087] Similar to what is shown above with respect to the extraction of tar sands, as shown in
Table 4, the formulation for extraction, liquefaction and/or solubilization of 0il shale depends on
particle size. In one embodiment of the method for preparing a composition for extracting
hydrocarbon-containing organic matter, if the hydrocarbon rich particulate matter includes an oil
shale and the mean diameter of the particulate matter is less than about 0.074 mm, then the
amount a-terpineol in the turpentine liquid is decreased and the amount of B-terpineol in the
turpentine liquid is increased. In another embodiment, if the hydrocarbon rich particulate matter
inciudes oi! shale and the mean diameter of the particulate matter is greater than about 0.42 mm,
then the amount e-terpineol in the turpentine liguid is de;:reased and the amount of -terpineol in

the turpentine liquid is increased.
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Table 4. Formulations for Extraction of Qil Shale based upon Particle Size

Particie Size | o-terpineol B-terpineol a-/ B-terpene other
(Mesh/mm
diameter)

< 200 mesh | 60-80% vol 10-30% vol 5% vol 0% vol
(0.074 mm)

40 mesh (0.420 | 70-90% vol 5-25% vol 5% vol (0% vol
mm) — 200 mesh '
(0. 074 mm)

> 40 mesh (0.420 | 75-95% vol 0-20% vol 5% vol 0% vol
mm)

[0088] The extraction of crude oil similarly depends on the type of crude oil being extracted,
liquefied, and/or solubilized. As shown in Table 5, the formulation for the extraction,
liquefaction and/or solubilization of crude oil depends is a function of both particle size and the
quality of the density of the crude oil being extracted. The method includes providing a
turpentine liquid formulation that includes at least 50% by volume a-terpineol and at least 20%
by volume B-terpineol; adjusting the amount of o-terpineol and B-terpineol in the turpentine
liguid formulation based upon the density of the liquid hydrocarbon being extracted. In one
embodiment, if the API gravity of the liquid hydrocarbon being extracted is greater than about
22°, then the amount a-terpineol in the turpentine liquid is decreased and the amount of §-
terpineol in the turpentine liquid is increased. In another embodiment, if the API gravity of the
liquid hydrocarbon being extracted is less than about 22, then the amount o-terpineol in the
turpentine liquid is increased and the amount of B-terpineol in the turpentine liquid is decreased.

As used herein, light oils have an API of at least about 317, medium crude oils have an API of
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between about 22° and about 31°, heavy oil has an API of between about 10° and about 227, and

extra heavy oil has an API of less than about 107,

Table 5. Formulations for Extraction of Crude Oil based upon AP] Density

Crude Type a~terpineo} B-terpineocl g~/ B-terpene other

Light/medium 40-70% vol 30-40% vol 10% vol 10% vol
crude {API
greater than 22°)

Heavy/Extra 50-70% vol 20-35% vol 10% vol 5% vol
Heavy (API less
than 22%)

[0089] In another aspect, a method for preparing a turpentine liquid for enhancing recovery of
liguid hydrocarbon-containing organic matter from a sub-surface formation is provided. The
method includes providing a formulation comprising at least 50% by volume a-terpineol and at
least 20% by volume B-terpineol, and adjusting the amount of a-terpinect and B-{erpineo] in the

formulation based upon the geological features of the sub-surface formation.

[0090] In another aspect, a composition for cleaning and/or recovering hydrocarbons from a
liquid hydrocarbon-containing vessel is provided, wherein the composition includes at least one
compound selected from natural turpentine, synthetic turpentine, mineral turpentine, pine oil, o-
pinene, B-pinene, o-terpineol, B-terpineol, y-terpineol, terpene resins, e-terpene, B-terpene, y-
terpene, or mixtures thereof. In other embodiments, the composition for cleaning and/or
recovering hydrocarbons includes at least one compound seiected from geraniol, 3-carene,
dipentene (p-mentha-1,8-diene), nopol, pinane, 2-pinane hydroperoxide, terpin hydrate, 2-

pinanol, dihydromycenol, isoborneol, p-menthan-8-0l, a-terpinyl acetate, citronellol, p-menthan-
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8-yl acetate, 7-hydroxydihydrocitronellal, menthol, and mixtures thereof. In vyet other
embodiments, the composition for cleaning and/or recovering hydrocarbons includes at least one
compound selected from anethole, camphene; p-cymene, anisaldeyde, 3,7-dimethyl-1,6-
octadiene, isobornyl acetate, ocimene, alloocimene, alloocimene alcohols, 2-methoxy-2,6-
dimethyl-7,8-epoxyoctane, camphor, citral, 7-methoxydihydro-citronelial, 10-camphorsulphonic
acid, cintronellal, menthone, and mixtures thereof. In one embodiment, the composition includes
at least one compound from the following: a-pinene, B-pinene, a-terpineol, and f-terpineol. In
another embodiment, the composition includes at least 25% by volume o-ferpineol or B-

terpineol.

[0091] In another aspect, a method for cleaning and/or recovering hydrocarbons from a liquid
hydrocarbon-containing vessel is provided, The method includes contacting the interior of
vessel with a hydrocarbon cleaning composition that includes at least one compound selected
from a-pinene, p-pinene, o-terpineol, and P-terpineol to create a mixture, wherein the mixture
includes the liguid hydrocarbon residue and the hydrocarbon cleaning composition. The mixture
is recovered and removed from the vessel. In certain embodiments, the cleaning composition
includes at least 25% by volume of a-terpineol or B-terpineol. In certain other embodiments, the
cleaning composition includes at least 25% by volume of a-terpineol and at east 25% by volume

B-terpineol.

EXAMPLES

[0092] Example 1. In this example, coal from the Pittsburgh seam in Washington County,

Pennsylvania was liquefied with reagent a-terpineol. The coal sample was obtained from the
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Coal Bank at Pennsylvania State University, which provided the following proximate analyses
for it; 2.00 wt. % of as-received moisture, 9.25 wt. % of dry ash, 38.63 wt. % of dry volatile
matter, and 50.12 wt. % of dry fixed carbon. The particle size of coal sample was about 60
mesh. About 60 grams of a-terpineol was gently added to about 30 grams of the coal sample
placed in an extraction vessel, thus giving rise to the reagent-to-sample ratio of 2 to 1. The
capped, but not tightly sealed, extraction vessel containing the resultant mixture of a-terpineol
and coal was maintained at the constant temperature of about 96°C and continually agitated.
Without boiling the o-terpineol, the pressure in the extraction vessel remained at the ambient
pressure of slightly less than about 1.01x10% Pascals (1 atm). After about 30 minutes, the
mixture was filtered and the coal particles retained on the filter were washed with ethanol and
dried to a constant weight. On the basis of weight loss, the conversion, i.e., the extent of

liquefaction, of the coal sample was determined to be about 68 wt. %.

[0093] Example 2. This example is identical to Example 1 in all aspects except two. After
maintaining the temperature at about 96°C, for about 30 minutes, as done in Example 1, the
extraction vessel containing the coal sample and a-terpineol was maintained at a temperature at
about 135°C for an additional period of about 30 minutes. The pressure in the extraction vessel
remained at the ambient pressure of slightly less than about 1.01x10° Pascals (1 atm). The
conversion, i.e., the degree of liquefaction, of the coal sample was determined to be about 70 wt.

%.

[0094] Example 3. The coal sample used was from the same source with the same proximate
analyses as those used in the preceding two examples. About 31 grams of e-terpineol were
added to about 31 grams of the coal sample in an extraction vessel . The mixture was maintained

at about 96°C-and an ambient pressure of slightly less than about 1.01x10° Pascals (1 atm) for
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liquid formulations, including turpentine liquid formulations that include only a-tervineol and aterpineol
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in combination'with variotis known organic solvents, are provided. The first three compositions

presented in the table include a-terpineol, p-terpineol, and y-terpineol. For example, the first same
includes about 60% by volume a-terpineol, about 30% by volume (Iteipineol, and about 10% by
volume y-terpineol. The results unexpectedly show that as the concentration of the a-terpineol
iIncreaseszhparfarmanaesof The donpesiting bquid ereasésidodhaipoint thatcudhemipie fuspedtine liquid
includes approximately 70% a-terpineol, full extraction of the hydrocarbon material from the tar sand
sample isvéstiegaainfaoe Pephget Jd cin t Setvist glarg 1Besraspisritpf o teme ctiohies, AydAacagbon bearing
tar sands with pure a-terpineol. As shown, extraction of greater than 100% is achieved, likely due to

inconsistéiA¥E R (BRI BE S &8RSt of the samples. However, the results generally

[0095] Example 4. This example is identical to Example 3, except that about 30 wt. % of a-
terpineol was replaced with hexane, providing a reagent that includes 70 wt.% a-terpineol and 30

wt, % hexane. This reduced the conversion, i.e., the degree of liquefaction to about 1.3 wi. %.

[0096] Example 5. The source and proximate analyses of coal sample and experimental
conditions in terms of femperature, pressure and reagent-to-sample ratio for this example were
the same as those of Example 3. The duration of the extraction, however, was reduced from
about 30 minutes to about 20 minutes. Additionally, about 30 wi. % of the u-terpineol was
replaced with 1-butanol, providing a reagent that includes 70 wt.% o-terpineol and 30 wt. % 1-
butanol. The amount of coal liquefied was only about 0.30 gram, corresponding to conversion of

about 1.0 wt, %.

{00971 Example 6. This example is the same as Example 3 in terms of the source and proximate
analyses of coal sample and temperature, pressure and duration of the extraction. The amount of
the coal sample used was, however, about 25 grams and the reagent comprised about 24 grams
(80 wt. %) of u-terpineol and about 6 grams (20 wt. %) of xylenes, providing a reagent that
includes 70 wt.% o-terpineol and 30 wt. % xylenes. The coal liquefied was about 10.0 grams,

corresponding to conversion of about 40 wt. %.

[0098] Example 7. In this example, coal from the Wyodak seam in Campbell County, Wyoming
was liquefied with reagent a-terpinecl. The coal sample was obtained from the Coal Bank at

Pennsylvania State University, which provided the following proximate analyses for it; 26.30 wt.
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of extracting substantial%gall of the recoverable hydrocarbon from a tar sand sam}:())liegig)Olw]Finally,

the last data p‘?&ﬁ&%’ i Fable 8 illustrates the effectiveness of mixed sfsqg%sswg a-?erpineol and

known organic solvents. As shown, substantially complete recovery of recoverable hydrocarbons is
achieved with a composition that includes a 1:1 ratio of aterpineol to ethanol. This is unexpected as
pure ethanol only removed about 10% of the total recoverable hydrocarbons. Additionally, mixed
systems thaifinchkeckeveithasisnite] 05 7avd: Taafidrohshiddineal 6 tdldenestilknesutteanih4hérecovery of

77% and 92% of the total recoverable hydroca’rbons. This was an unexpected result. Table 8 Chemical
comp. TaMsanafwey, Gedersleab Ehr eosbsargpinie 8r36Iae was about 20 mesh. About 60 grams

of a-terpineol was gently added to about 30 grams of the coal sample placed in an extraction
vessel , a reagent-to-sample ratio of about 2 to 1. The capped, but not tightly sealed, extraction
vessel containing the resultant mixture of o-terpineol and coal was maintained at a constant
temperature of about 96°C and continually agitated. Without boiling of the a-terpineol, the
pressure in the extraction vessel remained at the ambient pressure of slightly less than about
1.01x10° Pascals (1 atm). After about 30 minutes, the mixture in the extraction vessel was
filtered and the coa! particles retained on the filter were washed with ethanol and dried to a
constant weight. On the basis of weight loss, the conversion, i.e., the degree of liquefaction, of

the coal sample was determined to be 75 wt. %.

[0099] Example 8. The experiment in this example was carried out under the conditions
identical to those of the preceding example except one. About 15 grams of a-terpineol were
added, instead of about 60 grams, as done in the preceding example, to about 30 grams of the
coal sample, thus attaining the reagent-to-coal ratio of 0.5 to 1. The conversion, i.e., the degree
of liguefaction, of the coal sample attained decreased from about 75 wt. %, attained in the

preceding example, to about 69 wt. %.

{06100] Example 9. In this example, about 3 grams of oil shale from the Green-river
region of Colorado was solubilized with about 9 grams of u-terpineol, thus giving rise to the
reagent-to-sample ratio of 3 to 1, to extract kerogen (organic matter) and/or bitumen (organic
matter) from it. The organic carbon content, inciuding both volatile and fixed carbon, was
determined to be about 22.66 wt. % by a certified analysis company. Two experiments with the

oil-shale samples, having the particle size of 60 mesh, were carried out under the ambient
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temperature and pressure of about 25°C and slightly less than about 1.01x10° Pascals (1 atm),
respectively. The weight losses of the samples were determined by weighing after filiering,
washing with ethanol, and drying. These losses were about 9 wt. % after about 30 minutes and
about 17 wt, % after about 45 minutes. From these weight losses, the conversion, t.e., the degree
of exiraction of organic matter, i.e., kerogen and/or bitumen, was estimated fo be about 40 wt. %

for the former and was about 75 wt. % for the latter,

[00101] Example 10. This example duplicated the preceding example with the exception
that a single experiment, lasting about 15 minutes, was carried out at the temperature of about
96°C, instead of about 25°C. The weight loss of the oil shale sample was about 12 wt. %,
corresponding to the conversion, 1.e., the degree of extraction, of kerogen (organic matter} of

about 53 wt. %

[00102] Example 11. In this example, bitumen {(organic matter) in tar sands from Alberta,
Canada, was solubilized and extracted with commercial grade synthetic turpentine. The tar-
sands sample was obtained from Alberta Research Council, which provided the following
proximate analyses for it; 84.4 wt. % of dry solids, 11.6 wt. % of dry bitumen, and 4.0 wt. % of
as-received moisture. About 30 grams of synthetic turpentine were gently added to about 15
grams of the tar-sands sample in a capped, but not tightly sealed, extraction vessel , utilizing a
reagent-to-sample ratio of about 2 to 1 by weight. This extraction vessel , containing the
resuitant mixture of synthetic turpentine and tar sands, was mainiained at a constant temperature
of about 96°C and continually agitated. Without boiling of the synthetic turpentine, the pressure
in the extraction vessel remained at the ambient pressure of slightly less than about 1.01x10°
Pascals {1 atm). After about 20 minutes, the mixture in the extraction vessel was filtered and the

solids (tar sands) retained on the filter were washed with ethanol and dried to a constant weight.
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On the basis of weight loss, the conversion, i.e., the degree of extraction, of bitumen from the

tar-sands sample was determined to be about 100 wt. %.

[00103] Example 12. In this example, about 60 grams of the tar-sands sample from the
same source with the same proximate analyses as those of the preceding example were extracted
by about 60 grams of o-terpineol, instead of commercial-grade synthetic turpentine, which
includes a-terpineol. The resultant reagent-to-sample ratio was 1 to 1 instead of 2 to 1 as in the
preceding example. The experiment lasted about 30 minutes at the temperature of about 96°C
under the ambient pressure of slightly less than about 1.01x10° Pascals (1 atm). The conversion,
i.e., the extent of extraction, of bitumen (organic matter} in the tar-sands sample was determined

to be about 100 wt. %.

{00104] Example 13. In this example, about 60 grams of the tar-sands sampl¢ from the
same source with the same proximate analyses as those of the preceding two examples were
extracted by about 60 grams of synthetic turpentine, which is of the commercial grade. The
resultant reagent-to-sample ratio, therefore, was about I to I. The experiment was carried out for
about 30 minutes at the temperature of about 96°C under the ambient pressure of slightly less
than about 1.01x10° Pascals (1 atm). The conversion, i.e., the degree of extraction, of bitumen

{organic matter) in the tar-sands sample was determined to be about 70 wt. %.

[00105] Example 14. The experiment in this example duplicated that in Example 8 in all
aspects except that the reagent-to-sample ratio was reduced from about 2 to 1 to about 0.5 to 1:
About 60 grams to the tar-sands sample was extracted by about 30 grams of synthetic turpentine,
which is of the commercial grade. The conversion, i.¢., the degree of extraction, of bitumen

{organic matter) decreased from about 100 wt. % attained in Example 9 to about 70 wt. %.
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[00106] Example 15. The experiment in this example repeated that of the preceding
example with o-terpineol instead of the commercial-grade synthetic turpentine. The conversion,
i.e., the degree of extraction, of bitumen (organic matter) in the tar-sands sample was about 70

wt. % as in the preceding example.

[00107} Example 16. The experiment in this example was carried out under the ambient
pressure of slightly less than about 1.01){7105 Pascals (1 atm) with the tar-sands sample from the
same source with the same proximate analyses as those in the preceding examples with tar sands.
About 60 grams of commercial-grade synthetic turpentine was added to about 60 grams of the
tar-sands samiple, thus giving rise to the reagent-to-sample ratio of about 1 to 1. The temperature
of the sample and commercial-grade synthetic turpentine was maintained at about 65°C for about
30 minutes followed by cooling to about 15°C within about 5 minutes, Subsequently, the tar-
sands sample was filtered, washed, dried and weighed. On the basis of weight loss, the
conversion, i.e., the degree of extraction, of bitumen (organic matter) in the tar-sands sample was

determined to be about 70 wt. %.

[00108] Example 17. The experiment in this example repeated that of the preceding
example with u-terpineol instead of commercial grade synthefic turpentine. The conversion, i.e.,
the degree of extraction, of bitumen (organic matter) increased to about 90 wt. % from about 70

wt. % of the preceding examples.

[00109] Example 18. In this example, a tar-sands sample, weighing about 30 grams, from
the same source with the same proximate analyses as those in Examples 11 through 17, was
extracted with a liquid that included about 20 grams (80 wi. %} of u-~terpineol and about 5 grams

(20 wt. %) of toluene at the temperature of about 96°C under the ambient pressure of slightly less
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than about 1.01x10° Pascals (1 atm). The duration of the experiment (reaction or extraction
time) was about 30 minutes. The weigh loss of the sample was about 10.2 grams. From this
weigh loss, the conversion, i.e., the degree of extraction, of bitumen {organic matier) was

estimated 1o be about 33 wt. %.

[00110] Example 19. Three tar-sands samples, all from the same source with the same
proximate analyses as those used in all preceding examples with tar sands were extracted by
reagents comprising various amounts of a-terpineol and ethanol at the temperature of about 15°C
under the ambient pressure of slightly less than about 1.01x10° Pascals (I atm). The duration of
each experiment (reaction or extraction time) was about 15 minutes for each tar-sands sample.
The first sample was extracted with a mixture comprising about O gram (0 wt. %) of a-terpineol
and about 15 grams (100 wt. %) of ethanol, i.e.,, with pure ethanol. The second sample was
extracted with a mixture comprising about 7.5 grams (50 wt. %) of a-terpineol and about 7.5
grams (50 wt. %) of ethanol. The third sample was extracted with a mixture comprising about
12 grams (80 wt. %) of e-terpineol and about 3 grams (20 wt. %) of ethanol. The weight losses
and the estimated conversions, i.e., the degrees of extraction, of bitumen (organic matter) in the
three samples were about 0.2 gram (1.0 wt. %), 0.6 gram (3.0 wt. %) and 0.9 gram (4.5 wt. %),

for the first, second and third sample, respectively.

[00111] Example 20. Irregular-shaped pellets of commercial-grade asphalt whose average
size was about 15 mm were solubilized and extracted with u-terpineol and at the ambient
temperature of about 22°C under the ambient pressure of slightly less than about 1.01x10°
Pascals (1 atm). The first sample weighing about 20 grams was solubilized and extracted with
about 40 grams of o-terpineol, and the second sample also weighing about 20 grams was

solubilized and extracted with about 20 grams of a-terpineol. Both samples were completely

48



30 100/0/0 terpineol 60 7.8120.0 1:2 8.7 111 96 30 100/0/0 terpineol 60

WO 2009/038728 PCT/US2008/010831

dissolved after 30 minutes, These experiments were carried out to simulate the solubilization

and extraction of heavy cride oil, which tends to be rich in asphaltenes like asphalt.

[00112] Example 21. In this example, bitumen (organic matter) in tar-sands from the
same source with the same proximate analyses as those used in all previous examples with tar
sands was solubilized and extracted with two varieties of vegetable oils, soybean oil and corn oil.
The vegetable oils are completely miscible with turpentine liquid. In the first experiment, a tar-
sands sample weighing about 15 grams was blended and agitated continually with about 30
grams of soybean oil for about 20 minutes at thé temperature of about 96°C under the ambient
pressure of slightly less than about 1.01x10° Pascals (I atm). The weight loss was about 0.5
gram from which the conversion, i.e., the degree of extraction, of bitumen in the sample was
estimated to be about 3.3 wi. %. In the second experiment, a tar-sands sample weighing about
30 grams was blended and agitated continually with about 60 grams of comn oil for about 30
minutes at the temperature of about 175°C under the ambient pressure of slightly less than about
1.01x10° Pascals (1atm). The weight loss was about 4.8 grams from which the conversion, i.c.,

the degree of extraction, of bitumen in the sampie was estimated to be about 12 wt. %.

[00113] Example 22. Two tests were performed on Berea sandstone plug core samples to
determine the effect of reapent injection on oil recovery from core. The first test was designed to
determine the increment oil recovery due to o- terpineol injection after a field had already
undergone waterflooding to the limit. The selected core contained 9.01 mL. of laboratory oil
simulating crude oil. The waterflooding with aqueous solution containing 3.0% of potassium
chioride produced 4.6 mL of oil. Five (5} pore volumes of o-terpineol injection produced
additional 3.61 mL of oil, thereby leaving the core with less than 8.0% of oil remaining in the

original volume. The second test was designed to represent the increased recovery that could be
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expected from a virgin reservoir with a-terpineol injection. The selected core contained 8.85 mL
of laboratory oil simulating crude oil. Oil production began after approximately 0.5 pore
volumes of o-terpineol injection, which was continued until 3.5 pore volumes; however, the
majority of the oil was recovered afier onty 2.5 pore volumes of o-terpineol injection. A total of
7.94 mL of laboratory oil was recovered, thereby leaving the core with less than 7.5% of oil

remaining in the original volume.

[00114] In one experiment, various different ratios of a turpentine liquid to tar sand
sample were tested. The turpentine liquid for each of the experiments provided below had the
same formulation, wherein the composition included about 60% by volume w-terpineol, about
20% by volume B-terpineol, and about 20% by volume y-terpineol. The tar sands were a
different mix of ores frofn Alberta, Canada, having a bitumen content of approximately 12% by
weight and a water content of between about 4-5% by weight. The experiments were all

performed at atmospheric temperature.

{00115] As shown in Table 6 below, recovery of hydrocarbons from tar sands across all
ratios provided below (i.e., ratios of turpentine liquid to tar sands ranging from 1:2 to 2:1)
resulted in good recovery of hydrocarbons and little discernible difference. With respect to the
temperature at which the extraction is carried out, it is believed that the optimum temperature for
the extraction, solubilization and/or liquefaction of hydrocarbons from tar sands is 65°C. As
shown in the table, at about 130°C, the amount of hydrocarbons recovered is reduced. It is noted
however, that for certain solids from which it is particularly difficult to recover hydrocarbons,
increasing the temperature of the extraction solvent can increase the amount of hydrocarbons that

are recovered. Finally, it is shown that exposure time had very little effect on the amount of
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materials that were extracted. This is likely because the shortest extraction time was 20 minutes,

which is believed to be more than adequate for the extraction of the hydrocarbons from tar sands.

Table 6

Tar Extractable | Weight Ratio of | Amount Percent Temp, | Exposure
Sand HC of tar sand | of HC | HC °C Time,
Weight, | weight, g | extraction | to extracted, | extracted minutes
g solvent solvent | g

15 2.0 30.0 1:2 32 161 96 20

60 7.8 120.0 1:2 5.4 69 96 30

60 7.8 ‘ 31.6 2:1 9.6 123 96 30

60 7.8 60.0 1:1 7.6 97 65 30

60 7.8 60.0 1:1 4.0 51 130 30

60 7.8 60.0 I:1 6.3 80 65 30
[o0116) Additional expenments were cénducted using alternative solvents, namely

ethanol and com oil, which was compared with the composition that included about 60% by
volume a-terpineol, about 20% by volume B-terpineol, and about 20% by volume y-terpineol.
As noted in Table 7 provided below, the performance of ethanol and corn oil were unexpectedly
substantially lower than the composition that included 60% by volume a-terpineol, about 20% by
volume B-terpineol, and about 20% by volume y-terpineol. For example, whereas the terpineol
composition achieved compleie or nearly complete extraction of extractable hydrocarbons,
ethanol yielded only 10% of the recoverable hydrocarbons and heated corn oil yielded only 33%

of the recoverable hydrocarbons.
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Table 7

Chemtcal | Tar Extractable | Weight Ratio | Amount | Percent | Temp, | Exposure
Sand HC of of tar|of HC|HC °‘C Time,
Weight, | weight, g | exiraction | sand to | extracted, | extracted minutes
g solvent solvent | g

Ethanol [ 15 2.0 150 1:1 0.2 10 15 15

Comoil |30 3.9 60.0 2:1 1.3 33 175 30

60/20/20 | 60 7.8 60.0 1:1 7.6 97 65 30

1 terpineol

60/20/20 | 60 7.8 31.6 2:1 9.6 123 96 30

terpineol

[00117] As shown in Table 8 below, the performance of various turpentine Lquid

formulations, including turpentine liquid formulations that include omly a-terpineol and a-
terpineol in combination with various known organic solvents, are provided. The first three
compositions presented in the table include o-terpineol, P-terpineoc], and v-terpineol. For
example, the first same includes about 60% by volume u-terpineol, about 30% by volume f-
terpineol, and about 10% by volume y-terpineol. The results unexpectedly show that as the
concentration of the a-terpineot increases, performance of the turpentine liquid increases to the
point that when the turpentine liquid includes approximately 70% o-terpineol, full extraction of

the hydrocarbon material from the tar sand sample is achieved.

[00118] The second set of data is presented for extraction of hydrocarbon bearing tar
sands with pure o-terpineol. As shown, extraction of greater than 100% is achieved, likely due

to inconsistencies in the hydrocarbon content of the samples. However, the results generally

52



50% ethanol

WO 2089/038728

80%a- terpineol/ 20% ethanol

PCTUS2008/010831

demonstrate the unexpected result that a-terpineol is capable of extracting substantially all of the

recoverable hydrocarbon from a tar sand sample.

[00119]

Finally, the last data provided in Table § illusirates the effectiveness of mixed

systems of g-terpineol and known organic solvents. As shown, substantially complete recovery

of recoverable hydrocarbons 1s achieved with a composition that includes a 1:1 ratio of a-

terpineol to ethanol. This is unexpected as pure cthanol only removed about 10% of the total

recoverable hydrocarbons. Additionally, mixed systems that include either a 1:1 or a 3:1 ratio of

a-~terpineol to toluene still resulted in the recovery of 77% and 92% of the total recoverable

hydrocarbons. This was an unexpected resuit.

Tahle 8

Chemical Tar Extractable | Wt. of | Ratio of | Amount Percent Temp, { Exposure

comp. Sand HC wt., g | solvent | tar sand | of HC | HC °C Time,
wt, g io solvent | extracted, | extracted minutes

g

60/30/10 60 20 60.0 I:1 7.1 91 96 30

terpineo!

40/30/20 60 7.8 60.0 Il 47 60 96 30

terpinenl

70/20/10 60 7.8 606.0 1:1 7.9 101 96 30

terpineol

100/0/0 60 7.8 60.0 k1 10.0 128 36 30

terpineo]

100/0/0 60 7.8 120.0 1:2 8.7 11} 96 30

terpineo]

100/0/0 60 7.8 31.0 2:1 9.6 123 96 30

terpineol

50% o | 15 2.0 15.0 I:1 8.1 103 65 30

terpineol/
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Chemical Far Extractable | Wt. of | Ratio of | Amount Percent Temp, | Exposure
comp. Sand HCwt, g solvent | tar sand ! of HC { HC °C Time,

wt., g to solvent | extracted, | extracted minutes
B

50% ethanol

80% a- | 15 2.0 15.0 1:1 1.2 62 15 15
terpineol/

20% ethanol

75% a- | 30 3.9 25.0 1:0.8 1.8 92 15 15
terpineol/

25% tohuene

50% a- | 30 3.9 26.0 1: 0.9 3.0 77 96 30
terpineol/
50% toluene

50% o~ | 30 3.9 26.0 1:0.9 2.4 61 96 30
terpineot/ - '

50% xylenes

{00120 The results for the extraction of hydrocarbon-containing organic matter from

hydrocarbon-containing material described in the specification, and especially in the Examples

above, were unexpected.

[60121] As used herein, the terms'ﬁrst, second, third and the like should be interpreted to
uniquely identify elements and do not imply or restrict to any particular sequencing of elements

or steps.

[00122) As used herein, the terms about and approximately should be interpreted to
include any values which are within 5% of the recited value. Furthermore, recitation of the term
about and approximately with respect to a range of values should be interpreted to include both

the upper and lower end of the recited range. As used herein, the terms first, second, third and
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the like should be interpreted to uniquely identify elements and do not imply or restrict to any

particular sequencing of elements or steps.

j00123] While the invention has been shown or described in only some of its
embodiments, it should be apparent to those skilled in the art that it is not so limited, but is

susceptible to various changes without departing from the scope of the invention.
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CLAIMS:

1.

2.

A method of extracting hydrocarbon-containing organic matter from a hydrocarbon-

containing material, comprising the steps of?

providing a first liquid consisting essentially of a turpentine liquid alone or a
combination of a turpentine liquid and a turpentine-miscible second liquid

wherein the combination contains at least 50% turpentine Jiquid;

contaciing the hydrocarbon-containing material with said first liquid such that an
extraction mixture is formed and a residual material is formed, the extraction
mixture comprising at least a portion of the hydrocarbon-containing organic
matter and the first liquid, the residual material comprising at least a portion of
non-soluble material from the hydrocarbon-containing material that are not

soluble in the first liquid;
separating the extraction mixture from the residual material; and

separating the extraction mixture into a first portion and a second portion, the first
portion of the extraction mixture comprising a hydrocarbon product stream
comprising at least a portion of the hydrocarbon-containing organic matter, the
second portion of the extraction mixture comprising at least a portion of the

turpentine liquid.

The method of claim 1, wherein said turpentine liquid is selected from the group
consisting of natural turpentine, synthetic turpentine, mineral turpentine, pine oil, -
pinene, P-pinene, a-terpineol, P-terpineol, y-terpineol, terpene resins, o-tetpene, B-
terpene, y-terpene, geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2-
pinane hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isoborneol, p-
menthan-8-0f,  o-terpinyl  acetate, citronellol,  p-menthan-8-yl  acetate, 7-
hydroxydihydrocitronelial, menthol, anethole, camphene, p-cymene, anisaldeyde, 3,7~
dimethyi-1,6-octadiene, isobornyl acetate, ocimene, alloocimene, alloocimene alcohols,
2-methoxy-2,6-dimethyi-7,8-epoxyoctane, camphor, citral, 7-methoxydihydro-citronellal,

10-camphorsulphonic acid, cintroneilal, menthone, and mixtures thereof.
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millimeters.

4. The method of Claim 1, wherein the second liquid is selected from the group consisting
of lower aliphatic alcohols, lower alkanes, lower aromatics, aliphatic amines, aromatic

amines, and mixtures thereof.

5. The method of Claim 4, wherein said second liquid is selected from the group consisting
of ethanol, propanol, isopropanol, butanol, pentane, heptane, hexane, benzene, toluene,

xylene, anathracene, tetraline, triethylamine, aniline, and mixtures thereof.

6. The method of Claim 1, wherein the step of contacting the hydrocarbon-containing
material with said turpentine liquid further comprising the step of adding water, said
addition being done in such a way as to ensure the ratio of turpentine liquid to water is at

least 1:1.
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the upper and lower end of the recited range. As used herein, the terms first, second, third and WO
2009/038728PCT/US2008/010831 the like should be interpreted to uniquely identify elements and do
not imply or restrict to any particular sequencing of elements or steps. [00123]While the invention has
been shown7or Hesetiiestin fonlyisomafdtscompadimenis;tépshiohdd: he appanesttndhapedskilled in the
art that it is not so limi e.df t%ut IS su.sge tible to arous changjerg v&)t@dbtf,geg%%li%ggégm %he sgape of

. . ratureg 1o a poin ove amalent temper tacting
the invention. E?EK’ .,&me{ odo ex?rac Ing yd3r0 arpbon-containing organic mé}&er %rom a

hydrocarbon-cantpéning mnateliedflcomppisinggthenstepsiol prowvieling a first liquid consisting essentially
of a turpentine liquid alone or a combination of a turpentine liquid and a turpentine-miscible second

liquid wheregn the.copabipation caniaing atleastoQtUrPErine sk ERMactngdRe and said
hydrocarbon-containing material with said first liquid such that an exfraction mixture is formed and a
residual materi&lREFSIRAUN RS EXEPAHSF b BFEsEainpliSiAg dtleht Baportdh: bptre to 5.0x10
hydrocarbon-cariaining ®uganig matter and the first liquid, the residual material comprising at least a
portion of non-soluble material from the hydrocarbon-containing material that are not soluble in the first

liquid; Separ_‘?ﬁtmlg\éhneqe PR M tﬂr%u];rtﬂgz? E%%ﬁ?%ﬁ%gas'u@%‘?ﬁ'g I‘;ita%glst a portion of the second

portion of the extraction mixture to the contacting step.

10. The method of Claim 1, further comprising the step of providing means for contacting
said hydrocarbon-containing organic matter and said turpentine liguid in situ in an
underground formation containing said hydrocarbon-containing organic matter , and
means for extracting said hydrocarbon-containing organic matter from said underground

formation, and further comprising the step of

recovering the extraction mixture through a production well in fluid communication with
the underground formation, wherein the residual material remains in situ in the

underground formation.

[1. The method of Claim 1, wherein said hydrocarbon containing material is contacted by

said turpentine liquid at a temperature of less than 300°C.

12. The method of Claim 1, wherein the hydrocarbon-containing material is contacted by

said turpentine liquid at a temperature of less than 60°C.
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separating the extraction mixture into a first portion and a second portion, the first portion of the
extraction mixture comprising a hydrocarbon product stream comprising at least a portion of the
hydrocarbon-containing organic matter, the second portion of the extraction mixture comprising at
least a portibh dhthecihrperiiirel tiglidiu2thThe metlow dfeckidm o, wih@aingshidrasysénsines iguid is
selected from ¢ GHOUR.EANFSHNGALIRLIBIIRRRING: UGG pRNTIne, mineral tufpentine, pine
oil, apinene, 1 -plnéne, a-terpineol, 13-terpineol, y-terpineol, terpene resins, a-terpene, 13- terpene,
y-terpene, geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2- pinane
hydroperoxitfe /et dt ates BAHRE NS SRS QRS EEHBIT s SBBIRIS ofatter from 2 hydrocarbon-
pmenthan-8-ol @ienpinylacetate, cirapetilal pepthan-8-ylacetate, 7- hydroxydihydrocitronellal,
menthol, anethole, camphene, p-cymene, anisaldeyde, 3,7- dimethyl-1,6-octadiene, isobornyl acetate,
ocimene, alloocimene, alloocimene alcoh 2-methoxy-2,6-dimethy1-7,8-epoxyoctane, camphor,
citral, 7-metho>?§/(d}/ﬁ€f3ﬁﬁc$tlr%rg; Tgf%)&}%g?nﬂ%%%z Sﬁ%#‘ic?lg%ci% cintronellal, menthone, and mixtures
thereof. 3. The method of Claim 1, wherein said hydrocarbon-containing organic matter is solid or
semi-solid. whesgin sl ndiRcatban:senialbing Maleal compines A QR ALRALes. the
particles having an average particle diameter from 0.74 millimeters to 25 millimeters. 4. The method of
Claim I, wherein the seceftiiaoidissetetiéd frshtida dradpdonsistitg omedébafiphgitoalcohols,
lower alkanes, lower gromaticsyliphatic AN s.AOMatic amines A Rxiuresthereat 5. The
method of Claim 4, wherein said second liquid is selected from the group consisting of ethanol,
propanol, isopropanofBtitaAty, Bestarfeting bad, HexsHed HenstHE MBRIEHE $eRe2 anathracene,
tetraline, triethylamingoaiiings andsmixilresthienesd6.(Thpymetheshal Ghaimids wasieinthe step of
contacting the hydrocarbon-containing material, with sajd turpentine liquid further comprising the step
of adding water, said Z§diibif ﬁ?d’bl LU dWLY as to ensure the ratio of turpentine liquid to
water is at least 1:1. 7. The method of Claim 1 further comprising the step of heating the turpentine
liquid to a temperatanegdle prirtcabovedmbignntdraperdtiatetet 200G skfore contacting the turpentine
liquid with the hydrocarbon-containing material. 8. The method of Claim I, wherein said

hydrocarbon-cqgssamm% matsrialand saidivrpentinesiguic ra.contacted abanressuiesobdros 1.0x104
Pascals (0.1 atm) to 5.0x106 Pascals (50.0 atm). 9. The method of Claim 1, further comprisin

supplying at least a pSftioh SFAEEEBRE ForG8R 3F et i SRtHR IRt e HE R SRR Sp.

least a portion of the hydrocarbon-containing organic matter, the second portion

of the extraction mixture comprising at least a portion of the turpentine liquid,

wherein the turpentine liquid comprises at least 30% by volume a-terpineol and at Jeast

15% PB-terpineol.

15. The method of claim 1 wherein the turpentine liquid comprises between 50% by volume

a~terpineol and at least 20% by volume B-terpineol.

16. The method of claim | wherein the turpentine further comprises at least one of
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10. The method of Claim 1, further comprising the step of providing means for contacting said
hydrocarbon-containing organic matter and said turpentine liquid in situ in an underground formation
containing said hydrocarbon-containing organic matter , and means for extracting said _
hydrocarbon-containing organic matter from said underground formation, and further comprising the
step of recovefGFTRE ExtaliBR fiXtiT&E #ifugh a production well in fluid communication with the
underground formation, wherein the residual material remains in situ in the underground formation. 11.
The method Bf/Clainthed wifersiraiid hydroezitvercesitiainih g igriteriBlades otitartadbgresibiirpentine

liquid at a tempgrature QH%%IF%I?IQQ% el mgthod of Claim 1, wherein the

hydrocarbon-containing material is contacted by said iurpentine liquid at a temperature of less than

60C. 13. The method of claim 10 further comprising the ite‘f of reinjecting the recycle stream into the
injection well fAFAFHEY B BRI BAHIREIERANYS: A method of extracting

hydrocarbon-containing organic matter from a hydrocarbon-containing material, comprising the steps
of: providing a éinstdigjuig Mﬁmm.l'amm@minélﬁquﬁéél‘éﬁin@@iﬁﬁgémwmmé@m@ﬁ@rﬁwﬁ%g
material with said turpenting liavid suehithat an exiracioRfpdHTe iadermed.ard, aresidualmater is

formed, the extraction mixture comprising at least a portion of the hydrocarbon-containing organic
matter and the turpentimgdiguidthesiesidtakasatte PeBIAPrizindatTedsca POHIO BFHh-SERMte

material from the hydrgcarbonscapiaininginRatgrial thatatnat selbleinhaurnentine ks

separating the extraction mixture from the residual material; and separating the extraction mixture into
a first portion and a s€édHd kiR, Breeriat BerichohdEskiPaBron FkiE & REHArEIAY hiafocarbon
product stream compsipgatlerst aeariienighide hydrocarbon-containing organic matter, the second
portion of the extraction mixture comprising at least a portion of the turpentine liquid,

separating the extraction mixture from the residual material; and

separating the extraction mixture into a first portion and a second portion, the first portion
of the extraction mixture comprising a hydrocarbon product stream comprising at least a
portion of the hydrocarbon-containing organic matter, the second poriion of the

extraction mixture comprising at least a portion of the turpentine liquid

wherein the turpentine liquid comprises a-terpinect and B-terpineol, wherein the ratio of

a-terpineol to fi-terpineol is at feast 1.3:1.

18. The method of claim 1 wherein the turpentine liquid comprises o-lerpineol and -

terpineol, wherein the ratio of a-terpineol to B-terpineol is at least 2:1.

19. The method of claim 1 for extracting hydrocarbon—containing organic matter from a

hydrocarbon-containing material, said hydrocarbon material comprising tar sands,
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wherein the turpentine liquid comprises at least 30% by volume a-terpineol and at least 15%
13-terpineol. 15. The method of claim 1 wherein the turpentine liquid comprises between 50% by
volume a-terpineol and at least 20% by volume 13-terpineol. 16. The method of claim 1 wherein the
turpentine further comprises at least one of a- terpene, p erpene or y-terpene. 17, A method.of
extracting hydrocarboRTtstitainig W@?ﬁf&“ﬁna?{ért%"orﬁ%é)wa%‘é%f%%@%ﬁ%aiHm@rl‘ﬁ’atg‘ﬁgﬂ, &hprising
the steps of: providing.afisstiliquighcompiipingadiypeptioe ligsidiieentacting Satt 1 an interior
hydrocarbon-containing materjal with said turpentine liquid such, that an extraction mixture is formed
and a residual matter R EL2THE BREHRLSY gﬁ%)&'ﬂﬁjeg OPiig AFRSIES HaH ﬁ%@fh‘@le“m
hydrocarbon-containipgoikgasic i aitemanchthestar fentinectigqdidf theragidisdl sanatteraomprisisg at
least a portion of non-§%gﬁhrg %%rlial from the Q}/drocarbon-contai_llznin]g| rtﬂgtk%rial %Q{gt are not soluble in

. A ‘ocarbon-contaming ofganic matter Aro IS , .
the turpentine liquid; separating the extraction mixtu tdm the residual ma ené‘ll; and separating the

extraction mixture into a first portion and a second portion, the first portion of the extraction mixture
comprising ahyldrocaeBod mlodlaensirdamesbiibnisinty OB H SHHIBATG! thaRiFdFBtbdivBohtaining

organic matter, the. second Rertiomef theexiragtionRixiecRMNISAY stlaast Aportionef he
turpentine liquid wherein the turpentine liquid comprises a-terpineol and p-terpineol, wherein the ratio
of a-terpineol t"PHehiHBBFIS UPRRHRL £ °Fhe method of claim | wherein the turpentine liquid
comprises a-terpineol and 3- terpineol, wherein the ratio of a-terpincol to P-terpineol is at least 2:1.
grinding the hydrocarbon-containing organic matter to create a plurality of

particles, the particles defining an average diameter size in the range of 4.8 mm to

25 mm such that the plurality of particles is contacting the turpentine liquid.

21. The method of claim 1 for extracting hydrocarbon-containing organic matter from a
hydrocarbon-containing materiai, said hydrocarbon material comprising coal, the method

further comprising the steps of:

grinding the hydrocarbon-containing organic matter to create a plurality of
particles, the particles defining an average diameter size in the range of 0.8 mm to

0.07 mm such that the plurality of particles is contacting the turpentine hiquid.

22. A composition for use in the method of claim 1, the composition comprising at ieast 30%

by volume of a-terpineol and at least 10% by volume of -terpineoi.

23. The composition of claim 22 wherein said composition comprises between about 50 and

70% by voiume o-terpineol and between 20 and 40% by volume of -terpineol.
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19. The method of claim 1 for extracting hydrocarbon-containing organic matter from a
hydrocarbon-containing material, said hydrocarbon material comprising tar sands, wherein the
contacting of the hydrocarbon-containing material with said turpentine liquid comprises the step of
supplying the tar sands to an intetior portion of an extraction el and supplying the turpentine liquid
to the interi6f porticRIFHHE W a‘f:qﬁslﬁp%%%gl Tor" ”psglr%o%f)g t%@g%ﬁgﬁggﬂetgqg{x%lgﬁnat least 70% of the
hydrocarbon-containing organic matter from the tar sands. 20. The method of claim 1 for extracting
hydrocarboRscheamingariganic freitiat ffemerhsRIrGERBO R JRtaMn nAEdvEE $4idthFaroearbon
material comprigina:hale e RAUIher QmASIng die:p1eRs:Af arinding ibupentine
hydrocarbon-containing organic matter to create a plurality of particles, the particles defining an
average diametp &z WPes Rar g8 BEE e rificr 25 KiRF Sudh BRAh S MR B particles is contacting
the turpentine liquid. 21. The method Of claim 1 for extracting hydrocarbon-containing organic matter
from a hydreearhenwaptainingonatsrial Salsbhyanpcarontmate rislecomprsing sctatethéenethod further
comprising the steps of: grinding the hydrocarbon-containing IC malte reate a plurality of
particles, the p%rr%@ecéoase%wﬁgagﬁGar%lél%é Hiametel gﬁ%ﬂ%@%&%ﬂég%ﬁéﬂ%ﬁm ('E% 0’.8‘;’1mrﬁ such that
the plurality of particlesjsopatactig thepiorpantine.liduidnaml A ddmpositieenfor usebiribhel. method of

claim 1, the compogiion compyising;atleast 30% by walmef a-terpinael agd et leash0% by volume
of P-terpineol. 23. The coniposition of'c

. laim 22 wherein said composition comprises between about 50
and 70% by vohydrexy<dérpinediraned b twedhopGuhth 309 bl esiime of p-terpineol. 24. The
composition of claim 22 also comprising up to 20% by volume y-terpineol. 25. The composition of

claim 22 alsgrcompeisieside 200 hy Yolunenhalgast anessompauibselrrietdranihe group
Sl s el G e e T

octadiene, isobornyl acetate, ocimene, alloocimene, alioocimene alcohols, 2-methoxy-
2,6-dimethyi-7,8-epoxyoctane, camphor, citral, T-methoxydihvdro-citronellal, 10-

camphorsulphonic acid, cintronellal, menthone, and mixtures thereof.

28. The composition of claim 22 also comprising up to about 10% by volume e-terpene and

up to 10% by volume P-terpene.

29. The composition of claim 22 wherein the composition also comprises between 30 and

70% by volume a-terpineol and between 25 and 55% by volume f-terpineol.

30. The composition of claim 22 wherein the composition also comprises between 45 and

8% by volume a-terpineol and between 15 and 45% by volume B-terpineol.

31. The composition of claim 22 wherein the composition also comprises between 40 and

70% by volume a-terpineol and between 30 and 40% by volume f-terpineol.



26. The composition of claim 22 also comprising at least one compound selected from the group
consisting of geraniol, 3-carene, dipentene (p-mentha-1,8-diene), nopol, pinane, 2- pinane
hydroperoxide, terpin hydrate, 2-pinanol, dihydromycenol, isoborneol,
pmenthan-8-ol,a-terpinylacetate,citronellol,p-menthan-8-ylacetate, 7- hydroxydihydrocitronellal,

menthol, andemik ROSTEFEBE. 27CiR coMBoSoHHeERAsIPLISE LSRRI BEaERt ofen

compound selenfedfioriihie: areipisensisiing:atansthole camphenermp-gyemeinesrnisaldeyde,
3,7-dimethy1-1,6- octadiene, isobornyl acetate, ocimene, alloocimene, alloocimene alcohols,

2-methoxy2,6-dimethy1-7,8-epoxyoctane, gné)h,g) Ql ral, -tgng% gmé{qlr_o-qu ”gg nd Qs
camphorsul%%’gig% 58.&‘?%??%?6&%%%?%22&%’%%,%n‘é’ lmhgljpgs thereqﬁ)glg 28. The co%?posegftion 8f 8Iaim 22
also comprising tpbtovaboue £09sreyevolume a-terpene and up to 10% by volume P-terpene. 29. The
composition of claim 22 wherein the composition also comprises between 30 and 70% by volume

a-terpineol apdHRIWESHARBAG DK YalmeiR1RERIBERL IR AR CompasitionafelaingRd.wherein
the composition also comprises between 45 and 80% by vqur%:}g a-terpineol and between 15 and 45%

by volume p-terbifed!. “W1UHA&LIRPEEifoh Ut Yaii 22 WHERBM tHeiBbosition also comprises
between 40 and 70% by volume a-terpineol and between 30 and 40% by volume P-terpineol. 32. The
composition36f Claimodwdigreinthiicomp aditonnatbo comprises: bdtweem BlsendcTe96hypoldme
a-terpineol andége}uv%%e\%%ﬁ)ngl&gle ?{PeQVaMQIHm% Boerpl (ﬂlnﬁ@ﬁ][ sehpposition of claim 22 also
comprising up to 5% by volume a-terpene and up to 5% by volume P-terpene. 34. The composition of
claim 22 wherein the composition also comprises between 60 and 95% by volume a-terpineol and up
to 30% by volume p-terpineol. 35. The composition of claim 22 wherein the composition also
comprises between 60 and 95% by volume a-terpineol and up to 30% by volume p-terpineol.
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36. A method for recovering hydrocarbon-containing organic matter from tar sands, the method
comprising: obtaining tar sands comprising recoverable hydrocarbon-containing organic matter;
providing a first liquid consisting essentially of a turpentine liquid alone or a combination of a turpentine
liquid and a turpentine-miscible second liquid wherein the combination contains at least 50%
turpentine liquid, the turpentine liquid containing terpineol; supplying the tar sand sample to a
contacting vessel, said contacting vessel comprising at least one inlet for supplying the turpentine
liquid; contagting theital Sandsamplewithitheatbispenting ligyichipeaicontastinforessel sndsagiitating the
tar sand sample Withdthe turpentjne liquid such that an extraction mixture is formed and a residual
material is forrﬂ’é‘&tquhech actitn mixture comprising at least a portion of the hydrocarbon-containing
organic matter and the turpentine liquid, the residual material comprising at least a portion of
non-soluble material fAOHIBELLARIS SRS thAPE BTSSRV RS thidertiiaoigtRaldaittc SFtatfing
vessel comprising at Iﬁgﬁggne inlet for supplying a turpentine liquid; separating the extraction mixture
from the residual material; separating the extraction mixture into a hydrocarbon product stream and a
turpentine liquid recycle stream, rt‘ﬁe hydrocarbon product stream comprising at,least a portion of the
hydrocarbon-containifg SIgRRic éﬁtteyq‘?bér:ncfﬁles?gﬁq Sah %?%‘ﬁﬁ r%{gﬁcﬁjnfgegrt{?éea&qﬁ)o? ion of the
turpentine liquid recycdlerstieannitodhe: cantacting Stgpidvhedein sajettirpentixe liguickcomnpiksels
a-terpineol and 13*”@'#?&8!&. :?ge A methad for sg a%¥s,egﬂ% 9(%%%?@@5%%@‘%‘&1&5‘& QoG mater from
comminuted hydrocarbon-containing oll's ale, the metho comprising:

liquid containing terpineol;

supplying the tar sand sample to a contacting vessel, said contacting vessel

comprising at least one inlet for supplying the turpentine liguid;

contacting the tar sand sample with the turpentine liquid in a contacting vessel
and agitating the tar sand sample with the turpentine liquid such that an extraction
mixture is formed and a residual material is formed, the extraction mixture
comprising at least a portion of the hydrocarbon-containing organic matter and
the turpentine liquid, the residual material comprising at Jeast a portion of non-
soluble material from the tar sands that is not solubie in the turpentine liquid, said

contacting vessel comprising at least one inlet for supplying a turpentine liquid;

separating the extraction mixture from the residual material;
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providing the comminuted hydrocarbon-containing oil shale; providing a first liquid consisting
essentially of a turpentine liquid alone or a combination of a turpentine liquid and a turpentine-miscible
second liquid wherein the combination contains at least 50% turpentine liquid; filtering the comminuted
hydrocarbon-containing oil shale; feeding the crushed hydrocarbon-containing oil shale to a contacting
vessel, the contacting"A8EN 8oMprisiHECHETedBEONE iHEt fr %'Bﬁﬂ%'?h@rﬁﬁ%ﬁénﬁﬁ%“ﬁh@i@t@the
contacting vessel; contagting theeamminutedhyarosarhoarcantainipg oilshalenwity uspentne liquid
such that an extraction mixture is for gad c,ﬁnfﬁ a r%sidual‘ material is formed,E th§ exttracttion mig<t.ure
comprising at least a (F5GTPSFRE AYATE AMBHACORE I SH8 AR MiadlEr il e L BrtHS tiquic,
the residual material eathprising at least a portion of non-soluble material from the oil shale that is not
soluble in the turpentine liquid separating the extraction mixture from the residual material; and

separating the hydrocarhanscontaining graanic,matter,fromy the fwpentine ligyiginthe sxipction

mixture to produce a hydrocarbon product stream and a turpentine liquid recycle stream, the
hydrocarbon product §feashiedfffiftising at least a portion of the hydrocarbon-containing organic
matter from the comminuted hydrocarbon containing oil shale; and recycling at least a portion of the
turpentine liquid recyckehsiseasm:dadhe aonidgingstepr:ss. Atngihod dod feeoyeEcg
hydrocarbon-containing organic matter from hydrocarbon-containing coal rich sub-surface formation,

the method epMpHSIng; PHRAINING aRl %@M&&%&@%&ﬂgg reeaverabledy s ationcRAtaining
organic matter; grinding the coal to produce crushed coal ; filtering the crushed coal ;
hydrocarbon-containing otl shale, the method comprising:

providing the comminuted hydrocarbon-containing oil shale;

providing a first liquid consisting essentially of a turpertine liquid alone or a
combination of a turpentine liquid and a turpentine-miscible second liquid

wherein the combination contains at Jeast 50% turpentine liquid;
filtering the comminuted hydrocarbon-containing oil shale;

feeding the crushed hydrocarbon-containing oil shaie to a contacting vessel, the
contacting vessel comprising at least one inlet for supplying the turpentine liquid

to the contacting vessel;

contacting the comminuted hydrocarbon-containing oil shale with turpentine
liquid such that an extraction mixture is formed and a residual material is formed,
the extraction mixture comprising at least a portion of the hydrocarbon-containing
organic matier and the turpentine liquid, the residual material comprising at least
a portion of non-soluble material from the oil shale that is not soluble in the

turpentine liguid
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feeding the crushed coal to a contacting vessel, said contacting vessel comprising at least one inlet for '
supplying a turpentine liquid to the contacting vessel; contacting the crushed coal with a first liquid :
consisting essentially of a turpentine liquid alone or a combination of a turpentine liquid and a :
turpentine-miscible second liquid wherein the combination contains at least 50% turpentine liquid such
that an extraction mixtGPe &ifsrthe@arngierdeigingg Mty issidvm e aigefihction mixture |
comprising at least a portion of the hydrocarbon-containing organic matter and the turpentine liquid,
the residual material cepaptigingiat lsast@porticmedrion-sojuble matariabinoin:the coabth&tishot
soluble in the turpentine I,i uiqlst;ﬂ sgzgaratin thet resi_dHacI; gnatq]rialrcf)rc%% (gge %Hi?(fti&'}‘@[ﬂi)(t%‘é; gnd
separating the hydroc%frﬁ”dn-%ﬁt%ﬁﬁlﬁg 'g}éa'h?c mater from the urpentlneqlqw to pro&]uce a

hydrocarbon product streemi:antqidinpentinestieuid tecyoldrstrebon, thedhydroearbonmpodiret dtream

comprising at least a paion of, g dgpcaibon: SRR BraARG MBI Ie Copl rand.

recycling at least a poﬁlon St the turpentine ﬁqu recycle stream tothe contacting step. 39. A method
for increasing recovergoofrhiydited drsbncedntainirig oramicshidtianfrom a production well coupled to a
hydrocarbon-containing sub-surface formation, the subsurface formation comprising
hydrocarbon-containing.matesial thesnethesicemprising peviding Apuidjeetoriavelisaidinjéetion
being in fluid communication with the sub-surface formation; providing a first liquid, the first liquid
comprising a turpentirf@Hgtit &5H8isting essentially of terpineol; injecting the turpentine liquid through
the injection well and into the formation, wherein the turpentine liquid and the hydrocarbon-containing
organic matte frometihechydrotaxbontoitaining subcsuiéna foprgation Torarafi extiadiconsmivture

comprising at st AAOR ofine, EXiASLoR, Mie MUdiReAIBenSaNiaiaing organic mater and at
least a portion of the turpentine liquid; recovering the extraction mixture from the formation through the
production well; and . . .. .

obtaining coal , said coal comprising a recoverable hydrocarbon-containing

organic matter;
arinding the coal to produce crushed coal ;
filtering the crushed coal ;

feeding the crushed coal to a contacting vessel, said contacting vessel comprising

at least one inlet for supplying a turpentine liquid to the contacting vessel;

contacting the crushed coal with a first liquid consisting essentially of a
turpentine liquid alone or a combination of & turpentine liquid and a turpentine-
miscible second liquid wherein the combination contains at least 50% turpentine
liquid such that an extraction mixture is formed and a residual material is formed,
the extraction mixture comprising at least a portion of the hydrocarbon-containing
organic matter and the turpentine liquid, the residual material comprising at least
a portion of non-soluble material from the coal that is not soluble in the turpentine

liquids;



separating the extraction mixture to produce a hydrocarbon product stream and a turpentine liquid
stream.

separating the residual material from the extraction mixture; and

separating the hydrocarbon-containing organic matter from the turpentine liquid
to produce a hydrocarbon product stream and a turpentine liquid recycle stream,
the hydrocarbon product stream comprising at least a portion of the hydrocarbon-

containing organic matter from the coal ; and

recycling at feast a portion of the turpentine liquid recycle stream to the

contacting step.

39. A method for increasing recovery of hydrocarbon-containing organic matter from a
production well coupled to a bydrocarbon-containing sub-surface formation, the:
subsurface formation comprising hydrocarbon-containing material, the wmethod

comprising:

providing an injection well, said injection being in fluid communication with the

sub-surface formation;

providing a first liquid, the first liquid comprising a turpentine liquid consisting

essentially of terpineol;

injecting the turpentine liquid through the injection well and into the formation,
wherein the turpentine liquid and the hydrocarbon-containing organic matter from
the hydrocarbon containing sub-surface formation form an extraction mixture
comprising at least a portion of the extraction mixture hydrocarbon-containing

organic matter and at least a portion of the turpentine liquid;

recovering the extraction mixture from the formation through the production well;

and
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. separating the extraction mixture to produce a hydrocarbon product stream and a

turpentine liquid stream.
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