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FI ELD OF THE | NVENTI ON [ 002] The present invention
EXTRAGTIAN ORBYDROGCARBONS FRRM HYDRIMCARBOMNCRNTAMNENG
MATERIAIS hydr ocar bon- cont ai ni ng materi als. BACKGROUND OF

THE |1 NVENTI ON [ 003] The |iquefaction, solubilization

and/ or extraction of fossil fuels, also called

hydr ocar boncont ai ni ng organic matter, in solid,

sen - sol i GROASSEREFERENECEI0O BEDLA I APLPLIC ATION
(individually and jointly referred to as fossil fuels
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natural asphalt and/or asphaltene. The dlfflculty can
incorporgiedplay refgsencerin thapignéisetyo t he fact that these fossil
fuel s include conplex organic polyners |inked by
oxygen and sul fur bonds, which are often inbedded in

the matrices of inorganic co unds A need exists to
produce additionaﬁ“EE@dﬂﬁTﬁﬁ AN BSEN f eedst ock for
the manufacture of liquid and gaseous fuels as well as

[002] fRE - bleGenP’ AQESIdOe@ies VR 1tRYSfield of extraction of hydrocarbons from

hydrocarbon-containing materials.

BACKGROUND OF THE INVENTION

[003] The liquefaction, solubilization and/or extraction of fossil fuels, also called hydrocarbon-
containing organic matter, in solid, semi-solid, 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 (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 attributed 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 iﬁorganic compounds. A need exists to produce additional liquid hydrocarbon feed



chem cal s, pharmaceuticals and engi neered materials as

t he demand and consunption for hydrocarbon based
wOorai0e/ssIks i ncreases. [004] Various technol ogi BGT/U82008/010831

processes have been devel oped to Iiquefy, solubilize

and/ or extract the fossil fuels. None of the prior art

i quefaction, solubilization and extraction

technol ogi es or processes, however, has proven to be
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chemicfts, Bl abriREN SR B FRodR! SR GTAEET e feshtiBy and consumption for
hvd %ﬁdr caébons. evel oped to date are expensive to depl oy
yArocapen 3ef M aRdlr t?S5Hal |y, the prior art processes and
technol ogies for the liquefaction, solubilization
d/ or extraction of hydrocarbons may be difficult to.
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nore of the follow ng reasons: (1) operating at an _
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technolpgiet espoeggsese bawever,dad paaygh porbacornimgtcial bguible on hdarge scale for all
external supply of hydrogen under extrene conditions;
types of fbssibfielsg Thidiselot edthedaa timat xtl wf éhe prior agttpdmbloges and processes for
two or nore reagents, catalysts and/or pronoters,

the liquéictibn, 3bRibilIAAGHEBE Etradtigh by hydis¢fbsH3teREIBpEEiot d¥@ are expensive to
renewabl e nor recyclable; (5) requiring to supply a

deploy 8RE 6béthte! OAdBiREnaRY 1Y Ypriof aft: profBsSds AAUEHNB gl 18 ihe (IR)uefaction,
| ong process tinmes for partial |iquefaction,
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exists a need to provide additional technigues and

vessels gp egypmentithat requare;the exdgmabsupplynfdwgragen Hydr sxiserpe gonditions; (4)

mat eri al s.
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 form of energy, e.g., microwave 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 techniques

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 hydrocarbon-



[005] For primary drilling operations, it would be
advant ageous to enpl oy a process that woul d enhance
wa0al0s47e& at i on and encour age novenent of addi PCDES1008010831
trapped hydrocarboncontai ni ng organic matter that
could then be recovered all ow ng existing pressure
gradients to force the hydrocarbon-contai ni ng organic
matter through the borehole. In particular, it would
. : iy i t .
containblg HBFHE mbr B0 KBRS DE RGP HHSRER SR feliure gradients to
iLlin rati.on .006], For s and tertiar
force th%rhygrr%%%gggggﬁ%fm I %rgv i yl%tslé {r?]z{\ l}gg‘&g?g?{ex%u IqI(]:I p%rélcular,Xt would be
useful tggsi\(l) fll%%il'gel%?)g}] %g&%g%ngsgthgég%\%g? rglggitn i\{l\Dtﬂle %s%pv%?rnt%?ough primary
... hydraqcarbon-containing organic matter in the reservoir
drillingjopergtiginner that is cost effect and that does not
damage the reservoir. Wile effective nethods and
conpositions exist for tertiary operations,_ current
[006] Kex seserdaryagdtertipms oF @}@gmgemv% apetiQysitjwpuld be advantageous
conparison to the value of the produced
to emplioy drpyecash Srat eontdagniianes solehhizationsf vdrto rgidviRdr@rarbon-containing
I NVENTI ON [ 007] hi accordance with one enbodi nent of
organict inettgyriastha tresenwodnin @ marmermtiah g codt effett and ithay does not damage the
hydr ocar bon-cont ai ni ng organic matter froma
reservoity ANGGRY bfectie NindihBi andBdo@ipositiond R&IsHIBS tdrtigryS bgpstidas, current
providing a first liquid including a turpentine |iquid
method@WEPRALAGH! HPehdte o VPIERRMORNCORPpAIDdNNG TRE 41L& ofWhE Mproduced
the turpentine |iquid such that an extraction m xture
' . residual material. The
hydmczierﬁ?i g%@gﬁlg%kﬁér Jélag%ht ains at |least a portion of the
hydr ocar boncont ai ni ng organic nmatter and the
turpentine liquid. The residual material includes
non-sol ubl e material fromthe hydrocarbon-cont ai ni ng
material. The residual material can also includes a
reduced portion of the hydrocarbon-containing organic

matter in the circunstance where all such
SUMMARY OF INVENTION

[007] In accordance with one embodiment of the present invention, a method of extracting
hydrocarbon-containing organic matter from a hydrocarbon-containing material, includes the
steps of providing a first liquid including a turpentine liquid and contacting 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 hydrocarbon-
contaihing organic matter and the turpentine liquid. The residual material includes non-soluble
material from the hydrocarbon-containing material. The residual material can also includes a
reduced portion of the hydrocarbon-containing organic matter in the circumstance where all such

hydrocarbon-containing material has not been solubilized by the turpentine liquid and moved



hydr ocar bon-cont ai ni ng material has not been

sol ubilized by the turpentine liquid and novedinto the
w@zxdaopasd7eon m xture. The residual material is PEEDS2008/010831

separated fromthe extraction m xture. The extraction

m xture is further separated into a first portion and

a second portion. The first portion of the extraction

m xture includes a hydrocarbon product streamthat

into theI é?( a&%ﬁgﬂtuﬂe.e "’ﬁ:te.rgsiw Ha@é}iaﬂs tthgl'? separated from the e¥tract10n mixture.
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recovered in the recycle stream I n anot her .

portion @i Hhschyegsarbogrestaining alraaylcamtteﬁ9&@&&%@ﬁ-ﬂ%hxdam‘fﬁﬂ?@-contammg
organic matter is extracted into the extraction

materiahi xThe sccand pertibn exfiibeli extractiont maxtpees inglpdes rahtleast al gortion of the
are essential oil-free and can be further used or

turpentide $ig0ske d Imiohé embodimzat; tsubstartttally el vafrthe mepéntinBRqiafd is recovered in
DESCRI PTI ON OF THE DRAW NGS [009] Figure 1 is a

the recyzltd@rdain. ¢ for one enbodi nent of an apparatus for the
recovery of hydrocarbons fromtar sands. [0010] Figure
2 is a schematic for one enbodi nent of an apparatus

[008] fDranbiher re@fsRdBhoht OkubkymtiaRar HP mydidcaboRicon@ihahe orgdHkl matter is
1] Figure 3 is a schematic for one enbodi nent of an

extracte%ﬁﬁﬁ’f e l&trﬁl&l‘ont Rt AN R0dh exfnb&}' fHeRE Qﬁ@%@ﬁiuﬁaf fﬁmeﬁgﬁl are essential
[0012] Figure 4 is a schematic for the enhanced
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In one aspect, the present invention relates to a

readily depl g¥gd SREPRTFHICN OFOfHE BRAWINGS

[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

reservoir.



extraction, |iquefaction and/or solubilization of
fossil fuels fromcoal, oil shale, tar sands and the
wo 200e/038128 wel | as fromreservoirs. [0014] Accordi/nson$010831
one enbodi ment, a nethod is providing including the
steps of liquefying, solubilizing and/or extracting
hydr ocar bon-contai ning organic matter from a
hydr ocar boncont ai ni ng materi al, such as for exanple,
coal, oil , ' tai ni ng
heavy or udlTarT-EDrORSeRRIC of TifE RVBNTION,
frequently coexists with crude oils and other said

[0013]:.38%?% lgsaéci:b&gltﬁg' I En@in@&ﬂtgnnx%izlt&ntot $LRY - deployed cogmgtosiltign for the

n-contal ning organi ¢ matter tncludes,
not..limtedt heavy crude .oi | rude oil, .natura
extract§ e o i S i HeBlol o8 6ot S PR oo BAE” o sands and the
i nagter can be solid, sem -solid, liquid, sludge,
like, as\y O IGEVATS 1 i quid or gaseous form O her

materials that are suitable hydrocarbon-contai ning
materials for treatnent using the nethod of this ) ‘
[0014] Acgerdingote qnsgmradiments @ method 1s grovading fagluding [thgygeps of liquefying,
_hydrocarbon-contai ning nmaterials as well as a residua
solubiligtige pndipr. eRireqhipahydrpgadbascenntaning oengamniai mgtiterafiem al bydrocarbon-
can also include oil tank bottons, oil pit or pond
containglgunigteriah dush as fgr enampleli @abralkshale dels sandg,norr @ ressewdigeontaining
sl udge or nunici pal garbage. Liquefying, solubilizing
heavy @udt oil, @ude 6it triangalt gue (Whithdeajubmhy ceRrists With @r@le@aRiadd other said
matter includes the step of providing a turpentine

fossil fhél§)oa coRBIAGHI MkrédTe HMREQEIMDRERThRioRiMe ABE&  ihdludes, but is
with the turpentine liquid so as to exfract at |east a

not limipel tti),oﬂeaqg' Sadd oﬂ,y%ggg %fl,b AR ;%Qiaﬂii MR ZiF(g.a rﬂi§dr8@z|¥r%&[—containing

from'sal d” hydrocar bon- cont al ni mat er | Into sa
i HRETLANE, LGSt 0 908, GV AT T 3y s o,
Ot AR S o RV S0 SO i
method:(;(fiﬂrliasuirtn?e%tiglg 9nacT1i1d% hrgliﬁc} e?nrd siorl]id's: ?heat %nlcjz{u%g rllltyidrno%arlbiogkl:iogta{nrir?gmmaterials
as well as a residual material. Exemplary hydrocarbon-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 liquid 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



residual material not extracted. Turpentine |liquid can
i ncl ude an anount of terpineol. Naturallyoccurring
wa eoopesi7esie | i quid i ncl udes an anobunt of ter peP@r/U$1908/010831
one enbodi nent, the turpentine liquid includes
a-terpineol. [0015] In certain enbodinments, the ratio
of turpentine liquid to hydrocarbon-containing
material is greater than or equal to about 1:2 and
occuriff fopdning HE GG RRHLT AT bB o G EReA T T B FSneR), the tupentine
ﬁmhdhgﬁﬁgggget%%%lor equal to 2:1 In enbodinents relating
€ reseérvoir recovery, the ratio can be greater than
or equal to about 3:1, and in other enbodi ments
[0015] e(!éeg{alg{] %o?ﬂ%&%x?tg,rtég Iéz}rtiotr cgctgx\é)gﬁ nezllllfl%i(li g):)t;}(?dﬁﬁ(?ag%(glgcoyaining material
is great%&?%}lr %qae%glélggtﬁlagg?q ]:ig;g%){ﬁ; grgm?r?greglplyq%:ifggrﬁs Igrsf:atue§ (tehdanto? equal to about
hydr ocar bon-contai ning material. In other aspects of )
1:1, and i somey gebeilientssiheratie cam be tgecatesdhayr of saual dpdsl alwgembodiments
coal and oil shale, volunme of the
relatingtthel reseomoboncavsmy, dheriatigp qmntber gredtercthan loe equal ¢o dbowt X 1,yand in other
measured. [0016] In certain enbodi nents, the m ni num
embodipieg@ntlatingtd asewoirtracovery the ratie ciry He @esatdd alaoot @jual rgabout 4:1.
material is greater than or equal to about 1% by

For purp&e@ftapplicatioh (id reSR6R pordtslugieaatisdd tb daRnAine @8 Wslimhted measure
about 10% by weight, and in still further enbodi nents

of the lﬁﬁﬁ)@&%ﬁnkaﬁ‘tﬁiﬂ fakahl tR ﬁﬁg%ﬁ)éefs(y%p%ﬁisvﬁkiaﬂfon%uch b€ in the use of

hydr ocar bon-contai ning material. [0017] one

tar sand %dé IXFQL(% %fl sthgl%, k’lel%t Ofhe h??d}o'c%gfl%?}xfaﬁl% ma%erial can be more
Sol Ubi Il 2at i on or’ extracti on eagent orf cC oieror the
di tlg¥droc rbon-containing matter is a natural, synthetic
rectlydPeaiiier al  turpentine, which can include a-terpineol
or a-terpineol itself. [0018] In certain enbodi nents,

[0016] I ertdif] ugibadih@its, thelmiirhimadiziic anstedrcoatinedCini e Bfdrocarbon-
fossil fuels or hydrocarbon-containing organic natter
contain{ix%%zﬁ@riaq & Lie8@dr Bdh of bl tEARRE BB yeweidhl, Ghother hBdliMents greater
e

than or equal to about 10% by weight, and in still further embodiments greater than or equal to

about 14% by weight of the hydrocarbon-containing material.

[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 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



range of about 2C to about 300C. In certain
enbodi nents, the organic nmatter or material is
w@omsdresl with a turpentine liquid at a tenpePCEI/USM0%610831
| ess than about 300C, or |ess than about600C. In other
enbodi nents, the liquefaction, solubilization and/or
extraction tenperatures can be within the range of
about 200C to about 2000C. The pressure under which
o Z / [
60°C. H}gtgleljl (Q#flﬁcreq?ﬁgﬁtg "he ﬁgllé'fgétioln %ﬁtﬁﬂzeﬁi‘%ﬂ a?lﬁ/o?)&{r?ciq{?hgge}nséraMes can

e carried out nm

thin th f P I t
be w1th\§/}lagﬁltr2@ede(f %g)ﬂgggo&i a%@bZé}) grﬁl W%Esglgq. ﬁ%éeﬁ w]hicah H])e lltq%efaction,
enbodi nents, the process can be conducted at a
solublhpfrt@@smdéormmm eibtogsil fuefyis@a teaeara¢d optomay dypigaltyobe within the
about 8. OxIO 5 Pascals (8.0 atm. In certaln ot her
range cfndbodt redxt1§? Pasmalst (B Eiatmj welabowr 5.0x10° Pascals (50.0 atm). In certain
hydr ocar bon-contai ning organic nmatter to be |iquefied,
embodifiRhtspillel grocesandn de @xtuaeat ada byesburabesie@n dbout ©)0x10* Pascals (0.5
contact with, one or nore turpentine liquid can be in

atm) tot ﬁl?ouft 0% 107 F%sct&%dg)@ abAy. t 16| @RainPbBEE EmbEMBKE, Ql'ie fossil fuels or
oc s of fossil uel s whose sizes are within t

hydrocqrBi# xﬁgmlﬂigo l&%agf A {H@ét ® 3ao ll‘lhuéfg:dmdlﬁblﬁzed and/or extracted by

| que act ation or extraction vessel

1mmers£on %Clto? rcogtf%r eaftf\ e&qe 5{%&){({: Gﬂé%‘nﬁg lgﬁgil oIn BO5E tl?e{ fotrrrrlleof a bed of

I quetaction, or extra

r eagent n certai odi ne the siz

partlclew?qe& GunkDpEhed dhETdtss st etoreriits ﬁ*errawsof about 0.74
are within the range of about 0.149 nm (100 nesh% to

mm to abaihtl 0 pmima ljquetas @%iSﬁlu@ﬂ%mrh@hpgracp% vessgl (ggactor hereaﬂer) that
particles, pieces, chunks or blocks of fossil fuels is

containg gig @me@lreb}f thyasayd hrgwtfmlon,u sqlibtlizetivmpnd/enixisrtionyigagents. In certain
and/ or extraction reagent or reagents in the form of

embodilieqgtsi thet dizesudlth¢ pertioked, pitcasachiinks es blqeke o€ $ossi Huelk sraowithin the
bl ocks by boiling the reagent or reagents. In certain

range ofrdboGi 0BAY Sumt (160 dhesa) koab@ift 200 Muef &¢icedin embodiments, the bed of
sol ubilization and/or extraction is between about 1

particle§] Piét&s, LAk BE Bk SUERSH hBI8 & Ostatedf H?'ﬁasﬁﬁ@ th€ liquefaction,
partially or fully liquefied, solubilized and/ of

solublhgﬁ (f; a&ﬂcﬁ&i‘ e;&&@tl&? géaggntocf)r te' ?éhg; ﬁi:ht)eofbrms F{uh' thfful I'lhe bed of

or extraction can be ted by controlling t

particles, pieces, chunks or blocks by boiling the reagent or reagents. In certain embodiments,

the duration of liquefaction, solubilization and/or extraction is between about 1 minute to about
90 minutes. The fossil fuels can be partially or fully liquefied, solubilized and/or extracted; the
degree of liquefaction, 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.



operating conditions, such as tenperature, pressure,

intensity of agitation and duration of operation,
w@eaboss72rlj usting the type, relative anount anBICT/US2008/010831

concentration of the |iquefaction, solubilization or

extraction reagent or reagents in the reactor.[0019]

The basis of one aspect of the present invention is

t he unexpected .di scovery that when about 500 grans of

[0019] rh€ bEﬁ@?? Bhe a%et:te&pﬁ@ ‘PéSE?tV\ﬁ](/?ntﬁ)gle ‘iIl?é Qn@(?QHEd aRBovery that when

grans O anpl e coa rom

about S%P i 23 o RO e P B L B GO R o The 60-mesh
nost |nned iately, and remained sq after severa
Sampler?é pd. framthe Piisburghsgamn Washingion Gourtyafdeerpedvania in a tray, the

due to the suspension of the coal particles, but
reagentpsgaoferrtuingd pitﬁdﬁl@d{ alpwshiinmeghatelyt nejnainedfso after several hours. This
hydr ocar bon-cont ai ning organic nmatter fromthe coal.
indicatesithatethie evlbt ghangdiwas Botldueite ther saspdnsimntod ithe cvabparticids, tloerather was
coal sanple was transferred fromthe tray to a capped
indicati@@dof i Bt Extraedah eof | idravatbonadntaixiing abigagdicUndeter t fiém the coal.
anbi ent conditions of about 200C and slightly |ess

Subseqﬁé}ﬁ‘f}, aRodM phix@ir bPa- t@ﬁﬁr%ll and t}fle RhMantflE %@%sfged from the tray

days. The conversi on, .e., the degree of

to a cag%e%uefcgf; éﬂtlo ngea[fag]gu% gr %v%? malr?tn}(r)leg i3S I %ta%{ 1%nr% oHéggPs of about

terl ng, Washi ng w
o . ng, .and MEI % conve
20°C ala%%/lrf’@@lefdﬁﬁsth%a ot g L P oy o Some S 6?% e comverin.
organi¢c_matter) present in the coal sanple wh
(ie. thﬁ degresef éqaqfathgésoféh%cczal gample, wag, %qteragnqde'@éqekut 71 wt. % after
nmoi sture, 9.25 wt. %of dry ash, 38.63 wt. %of dry
filtering; ovaéhmgevmmthmol diviagsodiweighing96Tais Hr yt.f% xeavernemeerresponds to
A series of subsequent experinments with coal, as well
nearly @btheisblublizhiele drtdmen {orgamd smattag) gresentr inahis cagd emaplie rwhose proximate
condi tions, has shown that the famly of reagents that

analysek ¢ QOOSWN Ho LT ads-ractiVedr meitird)ed 2§ witutpentiynash, 38.63 wt. % of dry
cont ai ni ng pi nenes, and al cohol s of pinene, i.e.,

volatilel AR NS 501268 NS dH TRb@eirbBh! @CEdries of Bubse§iteit ¥k iSiments with
sol ubi I'i zi ng and/ or extracting kerogen (organic

coal, ad"@kil &5 )011 sli)x'afe%qaf A8 BhGer BHORE })pé}gﬁiﬂéj Eor%tpcﬁl@l h&"Gown that the

(organic matter)

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 anyvcatalyst 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



in the fossil fuels, including coal, oil shale, tar
sands, heavy crude oil and/or crude oil, w thout
wo e@aioss7e)) t he ai d of any catal yst or al kal i nePeBUS1088/010831
These reagents, except mineral turpentine that is
derived from petrol eum are renewable and "green,"
i.e., lowin toxicity, and relatively inexpensive, as
conpared to all other known |iquefaction,
: 0 ok d ' / hon f .
mixtur Rt EEfeE BN Qe PUATkE" LORORIRG ! Riplltie derived from
pecolc AN, ARLUAIENS cGAMEK! RED, RLGOSEE i FRAGTHR gt vas o
rom pet rol eum. although . nat. rene le, .is.relativel

found thisoivRSt (gisBie o Ghfee R SR P Ao eigaidy TBbmi pipetrates or

) that any of the said |iguefaction, solubilization )

diffuses ipfp othe Bartides: i Risres e Blpskt or pdmaks af dossyr fugly thygeah itheiropores at
the particles, pieces, blocks or chunks of fossi

apprecigblerates, Khusuepising dhgse portistesapicegspeleunka lor dlacks éa subspquently release
causi ng these particles, pieces, chunks or blocks to

the liqusfifilsdle,cpobubilizableatrearactalile flactijoreini thirh @ftes almdst nearlbt@npletely even
extractable fraction in themoften al nost nearly

under the (g2 @il ddr YoRdi€Ond) RS arhitiientftampéfatuge ind piediure, ahign tHds@required by
anbi ent tenperature and pressure, than those required

the recdY itvRBti6RCGRMaidiRY & th MBe RS sMMubTizhor &f/or extraction of the fossil
i quefaction, solubilization and/or extraction of the

fuels, sh@SR'cball Pﬂ gl?]aée,stéi‘csgn@s% cﬁxgéloil _aﬁh hfaéjggclcr)fde Jigr sands,

crude ol heavy crude oi An aspect of the
present invention provides a nethod of I|iquefying,

[0020] ﬁ.&g#géét o itl’?eggr%geq{t Yrveatibh ?P&v’uﬂeg 4 REmba %?'rhig%gﬂfﬁlgf‘ s&r.lbilizing and/or

carbon-tontai ning organic matter
tain teria .such as. coa

.hydrocar bonga I n l .. i
extracff I8 R B, B o odRica o PR - prafiig? BRlies drgp hycrocarbon-
.sem-solid fossil fuels is contacted with a.turpeptine .
containjrg patgriglysug 28 s07laei PE AL TBAS. AHICEHD & 2RSS qf3olhor Semi-solid
. absence of an alkali netal, catalyst, hydrogen (H2) )
fossil fiaglg) Apporiagtesh Withoh Bupaéing igpid apn extragtipn grikiuss gviteh gghbe in an
be useful as a m xing agent, one enbodi nent of the
absencd of ant allsali imatalu getelysh dydragse sélhpdd/ohsadonposneiidn (€Q).  While

t he absence of hydrogen and CO
hydrogen and CO can be useful as a mixing agent, one embodiment of the invention includes the

process and the composition in the absence of hydrogen and CO.

[0021] In certain embodiments, the turpentine liquid is selected from natural turpentine,
synthetic turpentine, mineral turpentine, pine oil, a-pinene, B-pinene, a-terpineol, B-terpineol, y-
terpineol, 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-yl acetate, 7-hydroxydihydrocitronellal, menthol, and

mixtures thereof. In other embodiments, the turpentine liquid is selected from anethole,



[0021] In certain enbodi ments, the turpentine liquid
is selected fromnatural turpentine, synthetic

wWa oopesi7esie, mneral turpentine, pine oil, a-pPCEO2008/010831
b- pi nene, a-terpineol, b-terpineol, g- terpineol,
pol ymers thereof, and m xtures thereof. In certain
ot her enbodi nents, the turpentine liquid is selected
from geraniol, 3-carene, dipentene

camphe 5 d %F%XI C?glsgfdggdae? h3 Z—Q@H!athglpi g—%‘a&dle%e %cﬂ)@ﬂ%l acetate, ocimene,

nanol ,

alloocx ey gﬁlgo 11%%{116? l(gh:g'n?lObQ me%l?r%xﬁ/t% etn ln 7§ )éoctafngr I nlyhor, citral,

et

7- methfmgﬁgvers‘?g ot e F-HBRBr LS ?gﬁ %laﬁr%%ﬂ'? et gnd mixtures

is selected from anet hol e, canphene; p-cynene,
thereOfanlsaldeyde 3, 7-di methyl -1, 6-oct adi ene, isobornyl
acetate, ocinene, aIIoocinene aIIoocinene al cohol s,
2- met hoxy- 2, 6- di net hyl -7, 8- epoxyoct ane, canphor
[0022] Aiceerding to- q@eatsp@p)(,ywllﬁwgrsgmé—lepcbfmﬁli fyels or other hydrocarbon- -containing
10- canphor sul phoni ¢ acid, cintronellal, nenthone, and
materiats, xuchrassotlheil sbdle, thOGRE} ankt oy icngletaal, an faspawple alfankibottoms,
or sem-solid fossil fuels or other
oil pit drypsmeicsludyen disomted foodg, waimee, ehwage shidpe as nomidipal gatbage, may be
shal e, tar sands and heavy crude oil, or for exanple

providedi in h@ kiAOthhO Wakilitaick da»htactonmmoaduﬁieudﬂ@ liqdids camhdefbssil fuels or
foods, manure, sewage sludge or nunicipal garbage, may

hydrocatiﬁorpf:&i{hlﬁﬁl% x'nHteﬂQM c%hzb% ﬁrﬁ@fdecfl %Q'ﬂahic"l‘ése%é?:@@tdﬁﬁﬁkswo? Wlocks, for

turpentine liquid. The fossil fuels or
d
exampl ﬂ{é%cf{é@%ééf gg %'céy u%c{}?to?;oklagbh?lgg Egc&?%1§§g¥la n%i(iitaﬂ'lsaspect of the
. e.fr S i eces, of. coal 0
inventi, St REROL R ?&a?ﬁ% “Qjsinipe Ww@ HOURES Bfparisles. According

fOSSI| f uel ydr.ocar .bon- cont ai_nj eria
to a cqpfagy jagRagt &8 tg%\r‘PYetf‘Itlgg the Bafieien @t 1195 de o hvdsesieban-containing
of the invention, the particles of fossil fuel or

materialy Ve r BSFAZE ARl PIRg OfnbioaT abgus OTdemantosahoph 4@ mm. In certain
particle size of fromabout 0.074 mmto about 100 mm

other emhodigrents, theopdrtcles ab Ggbinbeal hiave he apenagé phmisleofize fremi about 0.074
fuel have an average particle size from about 0.074

mm to about 25 mm.

[0023] According to an aspect of the present invention, a second liquid can be added to the
turpentine liquid. According to a certain aspect of the invention, the second liquid can be
selected from lower aliphatic alcohols, alkanes, aromatics, aliphatic amines, aromatic amines,
carbon bisulfide and mixtures thereof. Exemplary 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.
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mmto about 25 mm [0023] According to an aspect of

the present invention, a second |iquid can be added to
wo b@onss7pent i ne | i quid. According to a certai NnPEEPSIDS/010831

of the invention, the second |iquid can be sel ected

from|ower aliphatic alcohols, alkanes, aromatics,

al i phatic am nes, aromatic am nes, carbon bisulfide

and m xtures thereof. Exenplary m xtures include

I t n . , :
[0024] Q' ¥l l'?&r{m ll‘(ﬁ\@ﬁt g tit Mal IOLGUR {4 t{ﬁthap)g se%Px‘ftgaﬁfsand tertiary

ecant ol cle ol and nap or so

onoh)i%rc] Ip(éfé/'he ﬂr% 4?1} E%S‘t\!k/één NEhL &atlzarbandatgrqlgckfona }I% gn alkanes

used ereln OV\BF al | p

refers tmﬁrm&g}&ip%eeﬁr PSR SHIT kaETHAC o DO amE As vsed

carbon atons. As used hereln alkanes refers to

herein, gromatighteler iy moBerychs-distaresyclin andplyyehis §0@p0wét8we”esrflssd herein,
and 22 carbon atons. As used herein, aromatics refers

aliphatie amimgsorefers 1 primerye rseeapdiycanshigrtinsy ymjedsi kavingngkyingibstituents of
As used herein, aliphatic amnes refers to primary,

betweers é candd &5 yadvod dtens.i dnycegminngsbdibminty, bérzyhe, naphthalene, toluene or
substituents of between 1 and 15 carbon atons. In

combing&t@fris AhdredTHDO GicdE h anotherehsivdimerapiht hal@riphatidl dleshelsafoted above
conbi nati ons thereof are used. In another enbodi ment,

can be L8 | BVede ahbiliAkhCiR! ©RRA & RELRA RHAEhAB]) ﬂ@spatﬁaﬁdsopmpanol
I'n one enbodi ment the solvent is selected from

butanole é}ﬁzﬂ{y heptaP 4B e, bé&@ﬁ@ Q&H gh’:h@ hthQEHE azﬂl%lracene tetraline,

ptané, "hexane, benzene, Uen
trlethylepn"%l nP,it hailgtrt] ec ‘t‘?or}lt | gu d?i ané %l&%résn&[eﬁerofé'lsaqtza e aréd pressure
erature a operable to maintain the
°perabl é‘ﬁ‘lta"? ﬂ‘eISPB'GPﬁmtﬁ PGOZS] In certain enbodi nents,

the ratio of turpentine liquid to any other
entin I fl
00251 BB SR o b LR o et ifighé misiv
greater than or equal to about 9:4. In certain
solvent sppfaimedrithsaid flpidds greaten thag ogequnl & 1 niarpepringgibadinents greater than
about 3:1. In
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.
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yet other enbodinents, the ratio is greater than or
equal to 4:1. [0026] According to an aspect of the
Wpe@smesi728 nventi on, the fossil fuel and the tuP@ELS1008010831
liquid are contacted at a tenperature of from about
20C to about 300C. In certain enbodinents, the fossi
fuel is contacted by the turpentine liquid at a
tenperature of |ess than about 2000C. [0027] According
] I, . . g0
10025) B 3 berREP e Blcotll oy RREST The QHEH shi¥ir i Hitcs prgviding an
extractiglb g%&esglgwull&?lfl%ﬁé{agl?assgg ?E‘j Be]fr'éi?sx id scsgca)i?lgllailﬁ éo%t%c‘té% %ftitmthet: gxrpentine
. ., aspect, the nethod.is executed  at a .pressur f fro
iauid. 3550 6 M dipich. Seiater Bem A ow v RELReRs HeofoR! Tuel and the
aspect of the present invention, the nethod further
turpentipg, EHH‘&&?&’UBF{?@ vl thigythg feastanog exirasionpesssk previnixpd Andipgiiated.
the solid or sem-solid fossil fuel is contacted with
the turpentine liquid. According to an aspect o
[0029] Agrardingdn apesprst eh teguessnbipventipngther fopsl fugbandywentine liquid can
fuel and the turpentine liquid contained within the
be incubgtad timia twidieg tankcsoozs tpeprobingdheir timeeof eomtachgiAcgoring to a further
[0029] According to an aspect of the present
aspect, tHevdigideosT, liqueacfias Solubilizatiornmet/druepmotiom & dontrullel bythe length of
be incubated in a holding tank so as to prolong their

time thti SPHdObr S&AL M. fol6il Fieli BUint Condach Urith@he asPetine HH\BA and/or the
degree of liquefaction, solubilization and/or

temperdibIoRd ifkuin® of ARUBRYIE AN rhrBnd Ml OF L1 e the

solid or sem-solid fossil fuel is in contact with the

turpentine liquid and/or the tenperature of the

[0030] 'ﬂgé&sﬂg{n@ Qf ad EEchP 2% ithe fp%aslentaﬂl@el?t%n? &R if5&i1 f.t“ugp idcontacted with a

According to an aspect of the presen

Lnvent.i on,.. th ' | C ' a
heteroe SR b R nct 8. A5 bt Fou oSSR ER T AL, © i o ana
water as an agitant. [003 1] In certain enbodi nents,

he ratio,of. turpentine uid.to ri reater..than
[0031] %} cmFmPgélglgB{ﬁt ﬁﬁf:r {1]% )(/)I"VO %nrtr%l,e f‘ucl)& glo\/%qatS rx %rrearlt)(;r than or equal to
f [ on, Wwhi render [
about leﬁHzrgfteiLglaé, to alvc():ig s[irl?#y foerm%telon,sv%l?igﬁ %tlalyorrg:n E]:Cr stegz?ration of the extracted

organic matter in the turpentine liquid-containing fluid difficult.
[0032] According to an aspect of the present invention, the fossil fuel is contacted by the
turpentine liquid in the presence of an energy input selected from thermal energy in excess of

about 300°C, pressure in excess of 50 atm, microwave energy, ultrasonic energy, ionizing

radiation energy, mechanical shear-forces, and mixtures thereof.

[0033] According to an aspect of the present invention, a liquefaction or solubilization catalyst is

provided to the mixture of fossil fuel and turpentine liquid.
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organic matter in the turpentine |iquid-containing

fluid difficult. [0032] According to an aspect of the
w@e@9esR728 nventi on, the fossil fuel is contactPRdl/by20081€10831

turpentine liquid in the presence of an energy input

selected fromthermal energy in excess of about 3000C,

pressure in excess of 50 arm m crowave energy,

ul trasoni c energy, ionizing radiation energy,

[0034] AR ?@gqalansdgﬁ&f of ﬁ{egﬁésepﬁfﬁgeﬁﬁc?ﬁt H{eef%aédaﬁf&%mbh&%&il mixture is

ACCO ng to ‘an aspe e pr ésent 1 nvention,
supple ﬁ'lu ragﬁlct)%r f ogls:‘lbl ? tsél(e)((g} % Srtroﬁ'lel?{iﬂ{r%%e%, E:)e{rggrll (rjneogloﬁlge, water,

0034] .Accor to an aspect of the present
metal Of“rﬁ‘g%ﬁ'felt% }’i‘@x?’éeo? ?rS or solubilization mixture is
supplenented by the addition of a conpound sel ected
m_hydr ogen, carbon nonoxi.de, water,. netal . oxi.des
[0035] ﬁéf%{fi’élg Qi AtBEel Pgéhet REFEUfINViniensT ACEUFEINRP (D ingluded in the
aspect of the present invention, a m.croorganismis
reaction A FQJH'@HZ‘?tH’nt IREtyrEa cYelesh chemisal basds; Sarexamplsi x4l firecross-links and
Sel ect chem cal bonds, for exanple, sulfur cross-Ilinks
oxygenaerdsohingkge rin ctho skydrpgaklsonsi of fossil hinglsoerd e lfdréestyini-containing
fuel s and ot her hydrocarbon-containing naterials are
materialsr aeelrokgn bly obioeedtimentt wetht baci hsitlpeu shetmppphilih eandaghlemblithotrophic
and chenol i t hotrophic mcroorgani sms sel ected from

microof@@hising lstl¥cto€ Eraf hdt@ralls dcalrfifig ldtacedbrive® ofDhotSulfht!springs. The
springs. The breaking of these select chem cal bonds

breaking 'thés%%ﬁ:@t EHE%’II@Q'B&HL Ir£ith R ’(I‘R,f seWSl 2 Rh I dtdtarbons in fossil
ossi| fuels and other hydrocarbon-contai ni ng

fuels mfg?}tl?% 'h@hx%caxﬁ)gg%gxltalﬁiiﬂé rlnat%I‘lFlgr aspects and advantages

resent 1 nvent wi ||l beconme easily
apparent by those skilled in the art fromthis

00361 SERASHLLLRD SR of SRR, A BSFLiR ﬁgco%% 80§ apparent
o o TAL W ?Viﬁfeﬁlﬁh%t 0o AN o

i s capabl e of other aqg di ff
embodiments of the invention, simply by way o 11 ustratlon 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

Hlustrative in nature and not as restrictive.

[0037] In accordance with one embodiment of the present invention, a method is provided for
extracting hydrocarbon-containing organic matter from a hydrocarbon-containing matenal
comprising a viscous liquid, liquid or gaseous fossil fuel material. The method provides a first
liquid that includes a turpentine liquid. The turpentine liquid is contacted with the hydrocarbon-

containing material in-situ in an underground formation containing said fossil fuel material,
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enbodi nents, and its several details are capabl e of

nodi fi cations in various obvious respects, wthout
walepansd7esy from the i nvention. Accordi ngly, theCT/US2008/010831

description is to be regarded as illustrative in

nature and not as restrictive. [0037] In accordance

W th one enbodi nent of the present invention, a nethod

is provided for extracting hydrocarbon-cont ai ni ng

thereby?(o)gngigkcannaalta%ﬁor{ ﬁﬂﬂu?ﬁ Eky Q§ g&@ftpc{%p hg@%@bgﬁ @Qntgx%%ng; anic matter

SIng a VviISscous 11 QUI I quli or gaseous
. fuel teria ermth qvi des flrs ui.d_t hat
into sauli E%rpﬁrggg 1quid an ur pe fin a0 ﬁx?ractpo (? ur e’étﬁ Ilﬂlé hﬁ}l éi J5 aCIP%VCd from

) cont act the car.bon [ te

said oAty (IO nfa‘éfra@‘?f fﬂ*a‘%oﬂ%ﬁ@ £ siitien qug. gpntaining the
fossil fuel material,thereby forn1ng an extraction

extractegihygincarbop-coatairanpereanic matghr bharwsted hydrcaibag-containing organic
organic matter into said turpentine liquid and form an

matter isxseparatddofiom; guesidual neatenal et textracted. qlﬂ@ ingthpd raan dlddrther include
fromsaid formati on, wherein the extraction |iquid

separating Ghidcexsrattee }tydrqaenbbh meatenia fraon tlentugpenting lifhid. The viscous liquid,
extracted hydrocarbon-containing organic matter. The

liquid &Xpdsaiiseosbiy duelC aakpiat camtbai hdany @udrRbilC cralet 6il, hfural gas, or a
separated froma residual material not extracted. The

combinBESNREre6 AN ThE B Erdulg fotRS 8 RRfyAd AerudRiof R¥VASbEE natural gas
hydrocarbon materral fromthe tarpentine |iquid. The

reservoif! BF jbquid, liquid or gaseous fossil fuel naterlm
can eavy crude oil, crude oil, natural gas, or a
conbi nati on t hereof. The under ground formati on nay be

{0038] '%hg h%?&lt ?%J(?ngvf géﬂﬁé 4 % el r&ﬁl‘i g Ismg ?oshcgl?e%)g QIYc%Ir ﬁohfb?lrdze directly

e p esent ntiron ¢ e de

the fosstllﬁgx Fo\ésqq%efgh(téql@tf ﬁmﬁt uef él}da ﬁﬂﬁlc &%%Iﬁ%,l i ﬁqléiﬂdorrg&uctsy from such

extract the resulting liquid products fronlsuch
formatieny hati ons. [0039] An extraction reagent of the
present invention is a liquid, which has a very strong

physi ocheni cal . L . .
[0039] An’extraction reagent of the present invention is a liquid, which has a very strong physio-

chemical affinity with bituminous organic matter, including bitumen, kerogen and/or tar, in solid
coal, oil shale and tar sands. When the extraction reagent of the present invention and
bituminous organic matter comprising mainly hydrocarbons come into direct contact with each
other, the organic matter dissolves into the extraction reagent of the present invention, thereby
liquefying the organic matters. Upon contact, the hydrocarbons and the extraction reagent of the

present invention rapidly form a homogeneous solution, i.e., a one-phase liquid.

[0040] It is possible to take advantage of the physico-chemical affinity between the extraction
reagent of the present invention and the bituminous matter for enhancing oil recovery from oil

reservoirs under in-situ conditions. The prior art in-situ recovery techniques applied to-date in
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affinity with bitum nous organic matter, including

bi tunen, kerogen and/or tar, in solid coal, oil shale
wapaonza2gands. Wien the extracti on reagent of P€TES2008/010831

present invention and bitum nous organic matter

conprising mai nly hydrocarbons cone into direct

contact with each other, the organic nmatter dissolves

into the extraction reagent of the present invention,

oil rese['\j%grrsﬁg%rtl ﬂ'l&lf 14 't]'ﬂagso-%?lhg rﬁ%ﬁ l‘fh tcérﬁ&ﬁ m ?cp fl??h?o%‘é% is strictly

rocar ons and e EX on reagen

control e(ri S%ﬂeta laTact gs otf tﬁg mu -p{]%%ﬂxd 8&0} %E)g)gé'lqs 611%11?1% (Hlis tends to
leave abgréaég%}/q%ﬂtgﬁ epggg ing ﬁggéa‘g)e? pggl?en%xﬁgnﬂrcé Ié,llrx}lfgcovered even for the
i nvention and the bitum nous matter for enhancing oi
“good” lex arisepsityr aibres ey pirs: Bl sxdagion feagant o thei presepbinpntiopreghances oil
The prior art in-situ recovery techni ques applied
recovery dydemeeconnng kther gosapl¢ro behavios ©f the mgl;i—plyast: dlomhprevailing under in-situ
so-cal led frontal displacenent nmethod. This process is
conditi@tsr i ctl|y controll ed by the characteristics of the
mul ti-phase fluid flowin a porous nedium This tends
to |l eave a large portion, often exceedi ng about 40% of
[0041] The pfesérgiimaintion takesiadvagagebLthe vemesirdng phiykieo-chanidal dffility of the
viscosity oil reservoirs. The extraction reagent of
turpentinB®igRfdesent i nvention enhances oil recovery by
overcom ng the conpl ex behavior of the nulti-phase
flow prevailing under in-situ conditions. [0041] The

[0042] @rn% $5ttod SMBObicSdht ifeRBorPRYRNY A0& t@btidRa¥k Mf ik w&em invention
physi co-chenmical affinity of the turpentine liquid

into m%ﬁ%ﬁﬁlmmgag%gm&r ?&ﬁ%gﬁ%wﬁwé jpvention injects an

extracti ofi reagent resent I nvention into an
oil or natural gas reservoir through an injection

[0043] Wﬂ s dl{sgg'ég ]11?1'(9 tile E}?’tra% 1S % égx? dtﬂhg Qggr%tq}%{n?lghlv@{%n the two come

resen I nv
into cowgﬁgﬁgﬁgg 3§stegv|6>P fheae??y ylelcgggra %g{ggertbep?gg go ¥ %’h '8'.’ a oge-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 until the extraction 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 embodiments of in-situ methods for oil recovery

of the present invention.
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The extraction reagent of the present invention does
not sinply displace the oil as it travels fromthe

wo pjoeoss7eh wel |l to the producer well; dissol utP@rusfo0s/010831
previously trapped oil into the extraction reagent of
the present invention continues until the extraction
reagent is fully saturated with oil. Thereafter, the

extraction reagent becones inactive in the additiona
[0045] ﬂi Ia ﬁl%F?IY @{1 e‘ﬁ{%‘aﬁﬁ&ta%lﬁ'tﬁﬁley 3f(hof8556}\4%o¢gﬁ ﬂ(;f'g volumes of an
e reservolr as a one-phase u
extractlg\/%rz]itguql f ¥hﬁr;$'éasceh{r gltgce:rgloo ra%j %’In%clté) in an 01 e(s)g 4é" rea water-ﬂooded

MY e SPEc
nethods

; e of the sent
o the rpgpBhpH SHSFUGR Sy P Qb ESbop S L ﬂé%%@ it ggrvoir. The
three (3.0) to seven (7.0) pore volunes of an
anectlowfrthetethweargégﬁm &0 pRekRsFiEdlnRrofRkFepqub dn Additional 41% of the
{ected into an oil reservoir already water-fl ooded
ongmalt@ ththerresareinl This| enshodimenti of theaviethodpy asderperigentButvalidated, as

51% of the original oil in the reservoir. The
describedundixtampie 2if hérbwa beldw.act i on reagent can unexpectedly
produce about an additional 41%of the original oil in

the reservoir. This enbodi nent of the method was
[0046] bx pesdcomdtiadsity ewddodohadnedabas todes(.0)bed fiva (B0 npire vdkimes of an
herei n bel ow. [0046] hi a second in-situ enbodi nent,

extractioR @¢HgehtVeT the pBseiitGnléntion (dbe thjeddadl Btd/ @h UITREseBfoiRNAL the outset, the
extraction reagent of the present invention are

injectioh &k By I 8 RPréduced ﬁ§tﬂra‘69htr oneQhird (€3 PULBRRE-qubil& (0.75) of pore
i njection causes only oil be produced until about

volumeoé}etpél I%!x{rgcti()g r%g e‘ilp of” B{egfgregelﬂfﬂv%fltl&p ls7x§1 ecféd ﬁ%f’e%ﬁ\éloltﬂggxtractlon

& extraction reag rese |hvent|oﬁ

N A i N -
e ST s

%WFP three and a half éS 5) pore volunes of the
(3.5) pqrea@ s of the rregenb dThgmagihed vaenpgctedlydoerversabeut 9B of dre original

t he ori gi nal
oil in the reservoir. This embodiment of the method also is experimentally 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 oil 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 efficiency 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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oil in the reservoir. This enbodi nent of the nethod

al so is experinentally validated, as described in
WEx@n0885222 herein bel ow. [0047] hi a third i nPGI/US2008/010831

enbodi nent, an extraction reagent of the present

invention is injected to inprove the oil recover from

oil reservoirs containing very viscous oil, e.g., the

reservoirs of the "Orinoco Gl Belt" in Venezuela. The

[0048] Pﬁﬁﬁé’t@ rr¥cofvglé; ?f; néMnta § 'fr%Fn rlcrir]gE eg%?‘f@sre)’vcﬂe&%}p% ﬂc?eased with the

oW, rangi on11 to 1I5% o e origina

mjectlog 5 anre)e<§§gt ol ! e ent QF %h%gper)e( eﬁ }n%gnt%oqlc{n? g?eseﬂzoﬁrh I'he gas production
recovery e i Cl m ese reservolrs

jection of the turpenti Iqu| traction re
form Susﬁ B FFreie %i%“?ﬁﬁeﬁefﬁ@ssrﬁug&ﬁars% 54l SarsioRos B ugres of the gas
opting horizontal wells for both producers and
field, e. Bn Jﬂ%?ct%ﬁ%mn&%f ffb“éﬁ’ F%&%‘“’é’t‘%‘aﬂ’?ﬂ%oéﬁsﬁﬂ‘ df Ispggesgary that the reservoir
wel|s.[0048] U timate recovery of natural gas froma
pressur¢ bg gleinieined s watgpinjectian. Bhe iwatar daiseted ite Hetrpgervoir traps about 30%
injection of an extraction reagent of the present
of the gasvimntifuoat high pressnesduevti the tTheplgas flomo dfictataynanfdogas through the
such a reservoir often creates dangerously | arge-scale
reservofs Ubish deo@epddmedtiilitys uniaCes ififectidiBofan ckir@ltidn reagnt of kg present
"G oeningen" field in the Netherlands. As such, it is

inventid} GRSEAPPLEd AR in tHeGescPRitf ¥QifsoReB S WiCreaenthd IRWI 28 thYproducer
wat er injection. The water injected into the reservoir

wells. gg%@?mm%;{hegga@e { aﬁ(h%s%%hé ghrisa'c& Lih@%a@is%c&fe?eﬁaﬁﬁQhﬁ reagent is

two p ase flow of te€r and gas thro
nmydeéﬁ%?&%%'r with a IOM/perneablllty Wth the injection
an eéxtraction reagent of the present invention, the

trapped gas in the reservoir is dissolved in the
ent ..an rod cer IIs
(00491 FRECRRleyBR el Bl e Ep B gEtER B ol o RERREAALSH more of
recove nd_the rea recycle for reus
the knqvp et thédre i i S0 *€he" Pk c¥eRttUiah B3R ipisHtion and
can_be inplenented after one or nore of the known

surfactanp pdien, AFsexeqetedi t at i ng oi | production, e.g., CO2 or
natural gas injection and

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) to 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 turpentine liquid can be natural, synthetic or mineral turpentine that includes
up to about 50-70 volume % of a-terpineol, about 20-40 volume % of B-terpineol, and about 10

volume % of other components. In certain embodiments, the bed of ground anthracite or
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surfactant addition, are executed. EXEMPLARY
EMBODI MENTS FOR CARRYI NG OUT THE | NVENTI ON [ 0050] Coa

wQ 0®510387e certai n enbodi nents, anthracite or PCT/US2008/010831
bi tum nous coal can be ground to sizes ranging from
about 0.841 mm (20 nmesh) to about 0.149 mm (100 nesh),
and subsequently be sol ubilized and/ or extracted,
i.e., liquefied, by imersing in a turpentine I|qU|d

bltumlnB{a]éj gg Q:m? Fbgsagﬂ%%d Wgt}ﬁgo % BSd rt %n%];lg@ﬂ? Yt ?%en@gr%e in the range
v A STRAE o g BB e s

€ natura m nera ur en |ne

certain 8@‘8{1 e R B! Aol 5#*}?@0%“%3&3“%‘38&1 & giducfaction can
ol ume % of ot her conponents. In certain enbodi nents,
be Wlthf‘h ebayd d Ogringies i @b rattes: Jp ISP SRS eeHs the,ponest time for

agi tated by %a55|ng said turpentine liquid at a

the extraetigpeafdiydrosarbanchetainineyersiyue mattar Bow caplds 45 than S3omates.
or possibly up to the boiling point of said turpentine
liquid hi certain other enbodi ments, the duration of

[0052] Bosame emnbedingntsahgifisr broiy eoal,iopany other low-rapkedoalstcane ground to
can be within about 10 m nutes to about 40 m nutes hi

sizes ranging diom ebydwo Qi4tenig, (40 heesk)ootahott G0 TMemhof200 meesh), and subsequently
extraction of hydrocarbon-containing organic matter

be sohiblled Gddlor | gxtria&es, i.daNqhelod)byeisnméd@p2h Diturpertie liquid under a
enbodi nents, lignite, brown coal, or any other

pressuré mr@ﬂﬂls eﬁ%@'o? ab&t 1bﬁ1@*%@9s tpatﬁi)agab&ﬁawxmgs PASOATS ﬁz.o atm). In
about 0.419 mm (40 nesh) to about "0.074 mm (200 nes

certain @Hfér éHﬁBI que?gt g% fgfpeﬁmuyﬁ 1H %ﬁﬁi b@'?l%u%lbgﬁxt Ilge?]l‘é‘:tngmnerél turpentine

I'ng Inatur

that 1ncllé%lcp &Pgutpfqéé uhf %ou:tgxgm(r?;a({] glg%&f agg g Luncezg( %rﬁrpmeol and
ot her ewbom

about S\ AT P Ome s Rt I L cgimagnLs Tt ges i gignite, brown

i ncl udes about 70-90 volune % of a- terplneol about
coal, or_apy Othen, lew-sanks cepls élablbfe@gltatgchd)y 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, i.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 1s less than 5 minutes.
[0053] Oil 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’
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about 5 volume % of other conponents. |In other
enbodi nents, the bed of ground lignite, brown coal, or
wa@peopoosdtes | owrank coals can be agitated by pBSEUSI¥08/010831
said turpentine liquid at a tenperature in the range
bet ween about 80C and about 130C, or possibly up to
the boiling point of said turpentine liquid. In
certain other embodinents, the solubilization and/or
[ 5 n,
Pascals &i(%%?)g{g at%gut 8)8%0 éJ {Jt y atp, Ig g?%é Fﬁlbﬁﬁmgﬁ %Oc'd}peagne hquid
ont t tlne for the extract

can be F{lﬁﬁ?%'cam e Sheaintiehg "Beihis § na?%fu&sf g4 80 jrglume % of a-
. ) 005 0054
minet ot B 60090 oL oS BIYRE dhtt Plessoonents. In

rangln% from about 0.419 nmm (40 nes h) to 0.074 nmm (200

certain ﬁg\@hym Hlegﬁb%ch?érﬁrp‘yldo@l shale,pan pe agitatedpy passing said turpentine
extracted, i.e., liquefied, by |nner5|ng in a

liquid at artgemratnee inj therangahdeveen apo@s@,nem abputnl 30RE, eraprgeibbyf up to the
about 1.0x1.05Pascals ( 1 atn) to about 2. Oxl 6

boiling Radtabf st Qurpentine liquidt hém @hdrodinbedibents) ke solubilization and/or
turpentine liquid can be natural, synthetic or mnera

extractibill ik NhidudEactiba cannied Wikhin athout 30 indesvolbost 80 afin@es. In certain
ter pi neol, about 5-25 volune % of b-terpineol, and

embodifRAK! the YR B ER thOLRBICti6R BPRARBE SBbor-EorftfhingioRg Mt @htter from
enbodi ments, the bed ground oil” shale can be agl%ate

i1 shal®¥% 1PQSHi ¢ %ﬁig;turpentlne liquid at a tenperature in
ot sha ﬁ fgange Petween about 800C and about 130C, or

pOSSIb|y up to the boiling point of said turpentine
[0055]& gy I'n other enbodinments, the solubilization
extraction, i.e., liquefaction, can be within
about 30 mnutes to about 60 mnutes. In certain

oosr TR FETHIF Aot 00 B 54
(1 mes}i)sio I4.e7'565 mm meshsrI anlflit %sengrgt ySie so?ublﬁze% and/or extracted, i.e., liquefied,
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 liquid can be
natural, synthetic or mineral that includes containing about 40-60 volume % of a-terpineol, about
30-50 volume % of B-terpineol, 5 volume % of a and/or B-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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[0056] In certain enbodi ments, tar sands can be broken
up to sizes ranging fromabout 25.4 mm( 1 nesh) to
wa2008/08812€ 4 nesh), and subsequently be sol ubi | P@ZBEUS2008/010831

and/ or extracted, i.e., liquefied, by inmersing in a

turpentine liquid under a pressure within the range of

about 1.0x1.05 Pascals ( 1 atnm) to about 2.0xI10 5

Pascals (2.0 atn). In other enbodi nents, the

Reptine liquid can be natural, synthetic or mnera

UXB7]F#£ %cludes cont ai ni ng about 40 60 vol une % of
a-terpineol, about 30-50 volune % of b-terpineol, 5

[0058] It c%n%ﬁodﬁn@lﬁgl F%htbélm Er?erﬁﬁm?rl:‘ilud&bE}Ht cdh KQ' %@1 A qf\ situ, i.e.,

her conponents. anot enbodinment, a g oun

e bed, can b f.at assi n sal ur pent i
removef ?@m o o PR S B Wl P enRrh 2t el RN enieeting
about ogfé bOUt 9O?H% (? {)}48 orgsvlorqﬁlyeatj ttlolg?ﬁt hggafk:) El@hljflgg[n poj ntem%odlments

solublllzatlon and/ or extraction, i.e., liquefaction,
betweer appup &v (2 M) and:abeut foun(4) mere ko limenpbu furpmting fighidsan pp injected.
certain enbodi ments, the contact time for the
In certagx ¢mbediingntsothe ydemmsrlisord corleaiatiraly sprthetivi @ migetab turpentine that
fromtar sands is less than 5 mnutes.[0057] Crude oil
include$ 8AB B0 70 vodurha Vo ferrropined nateout BO-ghtvohmae Yt fiterpineedel 0 volume
oil can be produced in situ, i.e., renoved from an
% of o AAA/BF BrpAMine ah@ABSWMAINN voliufie %P bf BBEY corfiPsHRABAITM ceftain embodiments,
tertiary recovery, by injecting about one (1.0) to

the 1n)e%991‘1“bf fal t\iﬁ)eﬁén@hqfﬁ@rtﬁn\ﬁél foBRe®’b aw&tk:'ffﬁ)%ﬁfrﬂgn@lﬂln 'agéﬂt%ne (1.0) to
I n ot her enbodi nents, between about two (2.0

vol unes of a turpentlne I|qU|d
about ﬂggér)létboe} pl%%‘,&ﬂmgg Wgtgrertal n enbodi nents, the
turpentine liquid can be natural, synthetlc or m nera

[0059] hij%ée{faglgi %@%Phﬁ%%tshﬂ%@d% nl%“ﬁeaég/o gtgie"&l HEFFbe/%Rfduc%in situ, i.c.,
f a a d/ or b-pinene and about 10.vol une % .
removeé?ﬁ’ GHENne reﬁ‘?”%‘é’rf?’%\t"ﬁméﬁ‘b%%?" HY ST eﬁﬁaery e g’h"’leamg
turpentlne i quid c?n be follomed

about o\ﬂﬁt(bp} IBehauh gvg\n@ B Bysvelumes (( B @t)'pqngne 1qu1d 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 50-70 volume % of a-terpineol, about 20-35 volume % of B-terpineol, 10 volume
% of a 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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about three (3.0) pore volunes of water. [0059] In
certain enbodi nents, heavy and extra heavy crude oi
W@ 2009/0887p8 oduced in situ, i.e., renoved from aPCT/US2008/010831
underground reservoir, for primary, secondary or
tertiary recovery, by injecting about one (1.0) to
about five (5.0) pore volunes of a turpentine |iquid.
In other enbodi nents, between about two (2.0) and
.0). - por . ur, T gull
for heaBthe WRHEntinf MuifDT D SR el R ChiBAing B can be an
- urpentine |iquid, c be natural, synthetic. or mner .
mclmec{ Eﬂ,tgré/nﬁliteﬁ £or i eh ClaIn&a ggncggmle 518_67% R%Ylﬂ t,copveyor %8 or like
. a-terpineol, ahout 20-35 volunme %of b-terpineol, 10 |
focding AgpRsSolPE FURPIARG s tap sy1dsdnéndnigt & smta%m&oweaﬁi 14§-ofOptionally,
ot her conponents can be used in conjunction wth steam
conveyQrn] @c¢anoinclufe @dfdifer Rexesn oF tife separatig rparatusntogypyansdayge particles
for the recovery of hydrocarbon-contai ni ng organic
from bemag imrodiuceshintathes prodessi sComtantingexessehdplrin¢ludesigydeast one inlet for
i ncludes turpentine liquid supply 102, which can
turpentinp tliqaidatol be iaodwiedlaad contaeted with the@4ar daads u@phtycting vessel 110 can
turpentine liquid to contacting vessel or extraction
include\4g3&@litylo¥@rays Br iy 1 B4 desRMB@ €5 FRIM the thiandinRBOEdiLting vessel for
[ iquid supply can include neansfor heating the

a specifidd PR BE tihdeddPro ihEreaR drdohtrSNRAtcNBG vSen thaQar sand particles and
contacting vessel can be an inclined rotary filter or

the turﬁfbgﬁggﬁh?id-r% ceft mlrﬁer}tgf}glz éogtraaYﬂggfgsél%aﬁ %Va?%/ fr?l(:lined rotary

I ke feedi ng appara or su ying the
ands to an .iple f. contagting vessel .110. ..
fer. 3 Fopaefpf it Q8 inGBREC SHheliie Feip il degsatagp-containing
.or like se ating a ratus to. prevent | arge )
organicgaatier Extgct i tﬁﬁ%ﬂf FJame¥e! o sopieting Yrseel 410 via outlet 116,
) Contacti%% vessel 110 includes at |east one inlet for,

which ganripelyde fidier i b tq)preyenfethe gemeval of solidd With rthe exisaptign ypixture that
' the tar sands. Contacting vessel 110 can include a
includep |thg gxtraciedoliydrecaytsonegontdining lordanie siajtend Pumpr £2Gican baeoupled to

tar sands in the contacting vessel for a specified
outlet 1d ool ntsisviwith supplyanpitht @xiraxtioaasetoe te boltlingltardot22acLine 124 can be

between the tar sand particles and
coupled to holding tank 112 for supplying the extraction mixture for further processing. After
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 limited 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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the turpentine liquid. In certain enbodinents, the

contacting vessel can be an inclined rotary filter. An
we@aopass7eon m xture that includes the extractiPgr/UszH08/010831

and hydrocar bon-contai ning organic nmatter extracted

fromthe tar sands is renoved from contacting vesse

110 via outlet 116, which can include filter 118 to

prevent the renoval of solids with the extraction

betwee: tg)tug 0740k ol AChHOG S dRGeSXEhdEdeedl shalepmﬁ% oRté'%)rlallg be supplied to

car bon cont al n| ng or ganl C matter
a filter %)X?r{glérg um OUt l% 80 to asﬁlé t \zr/]\éli(t € 2% gﬁ %'89 %(} 4progHies particles
from e Zo%?%rﬁﬁx%%@? s gg s i1 2} Gl Vet 208 s coupled to

extraction of the hydrocarbon contai ni ng organic
turpenting diqeid, suppler2J @nvhickanaiertionally br epunied or BwrapP.rad which supplies a
soluble in the turpentine liquid can be renoved from
turpentinp iguadhttacati legsty ens élely 242 seoupled twonorigeimgl 26sselSgn®  In certain
turpentine liquids include, but are not limted to,
embodilnieas) the thipehtinahiquid supply eapiindale mathskfot begingeabé turpentine liquid.
[0061] Referring nowto Figure 2, apparatus 200 is
Contactidigovdsste 208 @hn idttudeagivality ¢ftrdyy dr 668aL DD aedieditdrdigin the tar sands
organic matter fromoil shale and other sedinentary

in the &&ﬁé&uﬁlgw@seﬂ 88 at &ﬁ&lﬂea Ciritsiit IR GANET ARl & eea98 F RBAtrol contact
materials. G| shale sanple 202 is supplled to grinder

betweelg[hectguuiagnﬁ f&?tgsf'es rtﬁcglr{ﬁjg nttln 115{11?0419 xggiﬁ e%ﬂodﬁﬂ&ltf 'the contacting

ref er grinder o rus uces the ol
vessel CS@D %lgﬁggﬁ)cgﬁ% etn afkip O7gng d O 4%10n FgmlxI eglst?ergefn at includes the

er.to ensure uniform and/ or conforn1n artic
turpentige zl&luﬂzla?%tre@aﬁvsﬁmd%@o&wmgg Sipinie PELBE fgh the ol shale i
rinder or crusher 204 to contacting vessel 208.
collectedyip utletri) 6 s IPPbeskto bolding ipkd22Qy PampeAlsiis@plipraliyceoupled to
supply 210, which may optionally be coupled to a punp
outlet 24fdo th@hwuﬁm jupplyzoft the getnadtion nhixtpe dtreamm 40 holdingt tanky 820. The
inlet 212 coupled to contacting vessel 208. In certain
extractiemiooxiuresiteam danédetconpledito e 222qfor durgplyppg vhecastrac vl mokdure stream
means for heating the turpentine Iiquid.
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, a-

terpineol 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 grinde;r 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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Contacting vessel 208 can include a plurality of trays
or fins 214 designed to retain the tar sands in the

W@ owwasdesg vessel for a specified amount of tPEEPSHN010831
to increase or control contact between the tar sand
particles and the turpentine liquid. In certain
enbodi nents, the contacting vessel can be an inclined
rotary filter or tronmel. An extraction m xture stream

to first E&ggctfn Qeldd£S06. h?lrgwoﬂ%{lhg@cgsélq}b@m% dol rr?)ﬂ:ﬁ‘% efiq}xrpentme liquid

roc rbon contal ning organic matter fro
supply 26? d%ﬁ(él? tma%LlpSlQBglij}blgé & OT%J I%Sp% péj |32§],d %u&glgb SP%QJlets the turpentine
6 t th th t h t
iquid ity g tpe Serecs ol B ﬁf‘g‘%ﬁ%%%@%& el}efpreﬁ@e% e Sipply can

m xture streamcan be_ coupled to |i

includemgsss ioh feating tészttwaewrt?nhwsh Jigst §??té%.1fﬁgt 6esﬁ?lr3t%e‘rn°1‘1des mixing
froce55|ng Second conveyor 224 assists with the

means $ Endesigned fto jagiatg anil dmprovierps slonsplecaniack betatesn ftheysalid coal particles
contacting vessel 208. Turpentine |iquids can include,

and thebtutpeatige hquid| iAn exchction maxtuteestpiametblat anebidos ther tpirpestihe liquid and
[0062] Referring nowto Figure 3, apparatus 300 is

recoverpd yidetRArboarcohfathin® Gpyaiiy nadtteh Y Ciheboih cohaleaisnoliected via first
organic matter fromcoal. Coal sanple 302 is supplied

contactin® @sbd10&t1ePr3 18" MR Qkpphed th Oseb & e8nthéitheS@8elof14. hePump 314 is
coal. Preferably, grinder or crusher 304 reduces the

optlonagg %t)l#s 04 REGHREN) RpégSISPWQKZ%h(?Q.?)Rg’ @fflth%kfr&tGh %’1}?&% stream to the

|ng upon t e quality o coal sanp

second %gr{tgt"#mg ven%):gg'lgec?écoﬁdt Qr?tagrr{gn\ge%el %{l 6 %Exyfqllﬁ{dg %Os%n nk}téza/s or fins

I Ona e sup

fi.lter to e re uniformand for .
318 desighed 1 iperéfss 57 BT oL O g*%aﬁgﬁ ?‘éﬁp“&eﬁ’u“f‘%%q“‘ds- Optionally,
contacting vessel 306. First_ contacting vessel 306 is .
the secgpds gonipRIBREFSIh 346 <R herAn Wélquqmt%rysfugimv togmemelyn{ g extraction
may optionally be coupled to punp 310, and which
mixturessiygpin cag betselleqiedam; sgeond Q?maatmg)v‘fﬁwlsxutl@bm(hmhuqhgnay optionally
vessel 306. In certain enbodiments, the turpentine
be coupledjtoi purspl 3R tocasisti with swpwlyrehitis efxc'actimnmix’ngetsbeam to holding tank
turpentine liquid. First contacting vessel 306
324. Lidq\sid wasisard ayn@upentine 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 p-terpineol. The

apparatus 300 can also be used to process high and low 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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means 312 designed to agitate and i nprove or contro
contact between the solid coal particles and the

wao eoopesresie |iquid. An extraction m xture strek@T/UBmDS/010831
i ncludes the turpentine liquid and recovered
hydr ocar bon-cont ai ni ng organic matter fromthe oi
shale is collected via first contacting vessel outlet
313 and supplied to second contacting vessel 316. Punp

liquid %%411&5 4 erftiAd ALl c@x@(ll thmﬁfzﬁels She :glé({%ef”a%tl&f Séoi%bd"éa'ﬁﬂn and/or

supp y o extr on m xture
extfﬁdl@&e?@%%%”ﬁ%?ﬁ%@t B SR RO oo
the dn\fueﬁ ni(::]e[ %arélesb Olgﬁjli(l: a&ﬂy—@ﬁ%ﬁrﬁ?g %?gﬁlgrcsrtggtgqgr?l L d gg@tilqﬁlgtoward the

vessel 316 can be an inclined rotary filter or
productiqropell} . AThedresarpar trefrchistedr ehaft inelides anjegfed turpentine liquid is
col l ected from second contacting vessel outlet 320,
collecteghwig hinerdy2.opnipgntng fiquids eapuiptlade,thmt prepot 3dd@tedtto, @tapistol and p-
Wi th supply of the extraction m xture streamto
terpinediol di ng 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
[0064] [ cestadPEmbddimerty othe BRPBentian ligeiddotipkedsihg pfodaetith from an oil well is
contacting vessel 316 for renoval and recovery of the

prov1deﬂQhétd§cl@<¥es at RUstB09sIE {olaetof fatRF @lﬁ'ﬁéntm-guiyﬁﬂmlb & pentine, mineral
l'iquids can include, but are not limted t

turpentgale,s gﬁlg'(ﬂe Ql plm @ ﬁn%n@' qujpmeprh% @gﬁﬁ%o?;ﬁger%??olcﬁgpene resins, o-

be used to process hi gh and |

terpene[ B-Q r?%xéeg%ftg ! e enlgtutrgs F S elrf' oth%[ ?&gg&m%g& khe turpentine liquid

anced recover

r.oc ai nin r Ier fr
1ncludeﬁfg ls%sglj&@({n b ‘gf‘ﬁ.%?gaﬂéqjgglfﬁeg ]IPS?%? (z%ﬁnentha—l 8-diene), nopol,
dr ocar bon- contalnlng reservoir 404 is
pmane,g%m%ns NEXireReF tiAe: h@"@’&r}fyélé%e’4é‘2’malﬂf’bd‘é}BY‘iITBWYG\%}ql isghorneol, p-
is already in operation. Injection well 408 is
menthapr&ool dedet@pinyhe |asewts i oncipnelldur pghmentdpp-§uild vieetate,  7-
line 410. The turpentine liquid facilitates the
hydroxydihydrbaitronadlal, swhihol,| oz anixbmesatigtent. exnr pett othar @mbodiments, the
hydr ocar bon-cont ai ning organic matter present in the
turpentine dejuibincludes avlehdt 38% Py ovlutienghethole, 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-citronellal, 10-

camphorsulphonic acid, cintronellal, menthone, or mixtures thereof.

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

liquid includes at least about 50% a-terpineol, and in certain embodiments also includes B-
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the driving force to push the hydrocarbon-contai ni ng
organic matter in the formation toward the production
waweib/03siehydr ocar bon product streamthat i ncl uBEBUS2008/010831

injected turpentine liquid is collected via |ine 412.
Turpentine liquids can include, but are not limted

to, a-terpineol and b- terpineol. [0064] In certain

enbodi ments, the turpentine liquid for increasing

terpme(ﬂ Fgg{thng% é’?l@ﬁ A tu\g%nlu %Elﬁg{doi%“ﬂqggs ‘Iitngﬁst bﬁ'%' tszcﬁume of B-

ent turp ent4

terpineol: E? ﬁ%‘%l i et E ﬁiﬁ ttnénlgﬂ{ e, 16 uid E)ncthé en eabgliltl 50 and 70% by

volume:g)fttnt:trF%I ne t r %qﬂ%@rgef¢ bilgfg U qf [£ an?qignt s,

t he turpentlne l[iquid |ncludes at | east 30% by volune
eranj ol, 3-carene, dipentene (p-nentha-1, 8-diene)
[0066] ﬂb@zﬂthermsn%?ﬁea PEOCEIS{Qh NCRRPINE U PERGtian fram aruR- Sﬁgfa?eawrocarbon-
2- pi nanol , di hydronycenol, isoborneol, pnenthan- 8-o0
contamgl.gtrg‘iepqulqudgmlg @ha@qqdrrmrmperz}jqug it prawided {hat includes i injecting
acetate, 7- hydroxydi hydrocitronellal, menthol, or
a turpemtinet lilqua'd intoethe aésenvorr thegught eheinjemibodwe:tbm stjmtllae production of the
turpentine liquid includes at |east 30% by vol une

hydrocaabei-baitsiningamipiesinie; The avipentine diquislatae ydtude at least one compound
3,7-di methyl -1, 6-octadi ene, isobornyl acetate,

selecte(Pfrbﬁe Bﬁbura?l|tl.|1r9é‘1<i3drfé'3§\ﬁ)thes't‘1|c|t@x‘?)%ht'ii%1 %1ﬁé1§pﬁeée§ntm8 “pine oil, a-pmene B-
nmet hoxy- 2, 6- dlnethyl 7, 8- epoxyoct ane, canphor, citra

e, AR ORER, 800 \Gpone s TR LR v,
mlxture[sng)Qéclcfe ﬁa%f Ex%ﬁ?dlﬁbgptg dt'h%%ﬂtmeqﬁbl & éa?lqﬂ(%lhaeeatl léa%r orgq cr?mpound

eas out

selecte g8 GHBAS 0L S1e LR AIL NG| Bl ngc'a% S igdhe, 2-pinane
enbodi ment s the t ur penti ne Iqu|d |ncludes at | east
hydropejgxide. AT,y daien msPRape)y slibyspmycrmob isohoraeol aﬁb@@n@s‘%‘f -ol, a-

by vol une b-terpineol. In other enbodi nents, the
terpinyk gnefpdh taitrenellol, p- -menthan-8-yl acetate, 7-hydroxydihydrocitronellal, menthol, and

mixtures thereof. In yet other embodiments, the turpentine liquid can include at least one
compound selected from anethole, camphene; p-cymene, anisaldeyde, 3,7-dimethyi-1,6-
octadiene, isobornyl 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. 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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liquid includes at |east about 50% a-terpineol, and in

certain enbodi nents al so includes b-terpineol. In
w@e2owassT2enbodi ments, the turpentine |iquid i nPCT/US208010831
| east 20% by volunme of b- terpineol. In certain

enbodi nents, the turpentine liquid includes between
about 50 and 70% by vol une of a-terpineol and between
about 10 and 40% by vol ume of b-terpineol. [0066] In
of furtl'%p Qhp ?Jl‘th%g B%%(%e tie @ng&%@e {h@q{ng) §ﬂlrﬁgll i@ (li&: ieoé?rearn into the
roma sub-surtace Srbohcont Ining reser
W%rgomg enhanced recovery operations is prOV|ded
includes injecting a turpentine liquid into the
reserv0|r t hrough an injection well to stlnulate
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Sub-sur?%&F Slé(ﬁwwiv A SdFT8aIRE; Sabancs AEOSFIY, ORErasions fpproyided. The
nene, a-terpineol, b-terpineol, g-terpineol, terpene
methodrléglpﬁ%s the stepy g%mecn@g p durperme liguidsmtethe, fomlomﬂxnougleen injection
thereof. In other enbodinents, the turpentine liquid
well. Iu gertain embddiments, émsturp@néna:b‘m& inedudes ableag dl0f4 byrvolume o-terpineol
gerani ol, 3-carene, dipentene (p-nentha-I1, 8-diene),
and at nepoI1 0% by andyme Ppterpamse].h y T papaiind diquid splubilizyg rxt@cts and/or
2- pi nanol , di hydronycenol, isoborneol, p-nenthan-8-0

displacés tHeenwrawrb@pair@dlﬁnﬁcmh&ﬁmel fr&th, the- fﬂﬁﬁithﬁln g are subsequently
acetate, 7-hydroxydi hydrocitronellal, nent hol , and

recover@d fon{ &R foRRAEH withhy ﬁlrpa{tﬁ%rhqt%ﬂpﬁﬁib@q ﬁrodu:‘t?on well. In certain

turpentine liquid can include | east” one conpoun

embodlﬁ%kmﬁ(:ttlgpg )r/l%:'i ﬁ[}ﬁ%p %}(ﬁ%dei%a%&%%ﬂg the Hi%@grbon from the turpentine

ani sal | et tad| I'sobornyl

liquid. gn ? ?]tg%lelgb%fe ﬁ?tﬁ’eatk‘ﬁ EtB%riiyl Oﬁgs'n%?y”c 18ﬁ_6ﬁ%$.|rpenhne liquid to
the injei@‘“b%‘{ﬁlﬂxhg‘r St hoxy e lé%;tg Sl e :Lﬁian?n'e%qnt in AT etisgn about 40

ures thereof A hydr ocar bon- cont ai ni ng organic
and 70%alt>x splupeo gliicteriom etheloambediments nefterpimeol ispresgpbhnan amount of at
liquid and recovered hydrocarbons is recovered from
least 7Q% dyprabetoet iloyetwethér embestiinante,dB-fdrpineelHe present in an amount between
hydr ocar bon- cont ai ni ng reservoir. The
about 10 and 40% by volume. In other embodiments, the turpentine liquid further includes up to

injectio

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 of hydrocarbon-containing organic matter
during primary, secondary and tertiary recovery operations, including after secondary recovery

operations that include waterflooding.

[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-terpineol and at least about 25% by volume p-terpineol. In another
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hydr ocar bon-cont ai ni ng organi ¢ matter production
stream can be separated into a recovered hydrocarbons
wa@treass7asd a turpentine liquid recycle streanPCT/HS2008/010831
certain enbodi ments, the nethodof further can further
include the step of injecting the turpentine |iquid
recycle streaminto the injection well. [0067] In
anot her aspect, a nethod for the increasing production
embodifeR{ ik Hﬂﬁ%’n‘ﬁ @rliggi?l' ﬁl@fﬁhﬁﬁ BeRders M5t 4ol A€ 8y @P%ﬂfrgg H-terpineol,
or mat1 on under gol ng enhanced recovery operations IS
oVi , net hod Lncl u t he_.st o,Qf 1njecting a
berweel 15061 28 g 33 e bR HRE b TR TRE o e, and up
I nl.ection well hi certain enbodi nents, the turpentine
to abo“* %%yw[},@m@éﬁgp%& | east 40% by vol une a-terpineol and
at least 10% by vol une b-terpineol. The turpentine

i quid solubilizes, extrac and/ or . di aces the . ,

[0069] ng{’ r BERC e SntipThing IW‘L??raf SOYTHIA ?FL’O?%P%??‘B?*P‘“% organic
whi ch are subsequently recovered fromthe formation )

matter {prhhighegradg ped tSoHEces, Wgh istieF SuYAPlS. pRIBEAGHE o5 Pitwatinous coal, is
In certain enbodi nents, the nethod further includes

provided e dn roatiempotdineerityitie derpetsmesliduid mcludes b lepstrabone4 $%chyi tblume a-
hi yet other enbodi nents, the nethod further includes

terpined] @y at leagt dboet 136 bgntaluree Bitepindol olnt dretlienjembbdidientyehé turpentine
In certain enbodi nents, a-terpineol is present in an

liquid iRedEs bebRienRboutal3Qint 86% By doldRYubtérpigdollBetwddn abBht BS dhd 45% by
ot her enbodi nents, a-terpineol is present in an anount

volume Jf-te®inddt a8y to/ 56uPY 0940byHIBlumk - §Jen RN upP A IR Sy volume B-
b-terpineol is present” in an anount between about 1&

and 40% by vol ume hi ot her enbodi ments, the turpentine

liquid further includes up to about 10% by vol une

g-terpineol. hi other enbodi nents, the turpentine

[0070] %ﬂr ggér)%ﬂ%rc g%eég ﬁalt ngé nlﬁBf: tlglufdro P4 re%??{gé'rn}%l f:{}%é"? bc?r{—co%rl]aining organic

terpene

ecte om ne anol ,

r opanol ol uene and. xyl enes. ;The nmethod is eful . . .
matter B ek okl S OuE e b SRR Borinc O, EPATERDh i fpentine liquid
) mat t er duri rinmpry, secondary and tertiary recovery .
includes, gleleatt jaBAy, otih by dgﬁ\’i@e %‘F‘TrB‘Pe%‘eaé‘Sr}@atbePétc%Q?/e?{’y 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 B-terpineol, up to about 5% by volume a-terpene, and up

to about 5% by volume B-terpene.

[0071] In another aspect, a turpentine 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 a-terpineol, up
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operations that include waterflooding. [0068] In
anot her aspect, a turpentine liquid for the recovery
W@Roobgsh7ex ar bon- cont ai ni ng organi ¢ matter fronP@EDS2008/010831
sands is provided hi one enbodi nent, the turpentine
l'iquid includes at |east about 30% by vol une
a-terpineol and at |east about 25% by vol une
b-terpineol. In anotherenbodinent the turpentine
ki g, 0 % I 0
to aboué 3(9%' bg'. Jdg%fé'ﬁgglipﬁmgéig%ggg %tg /B%a/a@ﬂwz% AN Q%f:ﬁ(é) aHH"Ep to about 5%
byvohnne%eegwneol up to about 10% by vol une a-terpene, and
Gut 10% by vol une b-terpene. [0069] |In another
aspect a turpentine Iqu|d for recovering
carbon- cont ai

[0072] IYAH 05 et A0t thd g O?9%‘5%%{#"@%%%CE?%%\”gt"b%E?c%b%%?containing
organic (pgtsaFohd ?E'mi S R Gl 1 a8 SBBomisRboihg tirpentine liquid
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includes)at; kepgii abewy 40 ppd JA% e vobwmsottiteraieo] anbat l??%e%li’PP‘héO and 40% by
liquid includes between about 45 and 80% by vol une

volume $-texpingiohe bl yet brothereambudonent,lthe aurgent5es! pid/pcludes between about 40
b-terpineol, up to about 10% by vol une a-terpene, and

and 70% pytvolahouiterpiitoh Yetweken aot-30t ad pide by [vOinE] B-tarpineol, up to about
anot her aspect, a turpentine liquid for recovering

10% by R HRE@ tdPdires Stk & 13i BBPutOINYRBY ColiBiet frerpanem | ow gr ade
coal sources is provided. In one enbodi nent, the
turpentine liquid includes at |east about 6096by

[0073] MOAddMRr AspeRt, i thfRhtiANHqA i$ ProvRYtfoB R PN ydR& arbon-containing

b-terpineol. In another enbodi nent, the turpentine
organic ln')&ﬁféi‘ @rohﬁﬁé Vg%ﬁd REENEER Y AP oif OIna&Q: g%d?ﬁ‘leﬁ’to Hérfﬁxa)@ntme liquid
t er pi neol to about §096by vol unme b- terplneo

included 8 f%%%%tbbo 0304 SRy oM RIPEAE B0 4 of R Kk SHSRY a0% by

ef pene

volumek}a\% :l bﬁ‘lnal g}?{ 81?1&?45{6{6%? g'\éreﬂ.\g)egtme liquid includes between about 50 and

70% by volume a-terpineol, between about 30 and 40% by volume B-terpineol, up to about 10%

by volume a-terpene, and up to about 10% by volume B-terpene.

[0074] In another aspect, a method for recovering hydrocarbon-containing organic matter from
tar sands 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 material. The tar sand sample is supplied to a
contacting vessel, wherein the contacting vessel includes at least one inlet for supplying a
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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matter fromoil shale is provided. As used herein, oi
shal e generally refers to any sedi nentary rock that

W@ o0wAas8128 bi t um nous materials. In one enbodi NeE/PS100&010831
turpentine liquid includes at |east about 60% by
vol une a-terpineol and up to about 30% by vol une
b-terpineol. hi another enbodi nent, the turpentine
liquid includes between about 60 and 95% by vol une
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. I b-1 . 072] I n anot. ,
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liquid includes at |east about 40 and 70% by vol une

step ofgrecyelpignthsl tuspratige liquid reqyslsustram i dha oomtsictipg| veseel. In other
b-terpineol. In yet another enbodi nent, the turpentine

embodilieglsi theientracivognixsirasanbarpatateti(h yadistilgizn by pragiuomthe hydrocarbon
a-terpineol, between about 30 and 40% by vol une

productistieampnd @ad turpeptiholi@hd nicydle%ream.vol une a-ter pene, and
up to about 10% by vol une b-terpene. [0073] In another
aspect, a turpentine liquid is provided for recovering

[0075] Iy dtetaiar bmbodiaehal nhaguegepene diquid teah fochreheastpingdll In other
extra heavy crude oil. In one enbodi nent, the

emboditi¢hR€ el tafpentifd! liguidnah Udgadaht le@asdboad st B3OvARMe 6f4pineol and
by vol une ‘a-terpineol and at |east about 30 and 40% by

betwee) VoYU BRI Qo%e 'BPi \Qggiﬂ: Bltl&gﬂ{égf. het, &rlpd ieﬁﬁ%ﬂ&ime‘h&,e éaet7woeen 0.5 and 4

turpentine ITquid i1 ncludes between about 50 an % by

equival%@lf H%e%%?ﬁt?ﬂﬁgﬁﬁxlld 1531%54\?0%8)%?%9&% t%rosr%eﬁﬁlsg a}rfdor(g%g)ér K?(%{ﬁgﬁbons. In

er pi ne O abou y volu er pene,
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organic matter fromtar sands is provided. The nethod
the tar sapds JpgEconeR hrgosaPiSmati on rich in tar sands to
provide a tar sand sanple, wherein the tar sand sanple

i ncl udes a recoverabl e hydrocarbon-contai ni ng organic
[0076] In another aspect, a method for recovering hydrocarbon-containing organic matter from a

hydrocarbon rich oil shale is provided. The method includes 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 liquid for recovery of hydrocarbons from the crushed hydrocarbon-
containing oil shale. The crushed hydrocarbon-containing oil shale is contacted with the

turpentine liquid to extract the hydrocarbon-containing organic matter from the crushed
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matter and residual inorganic or insoluble material.
The tar sand sanple is supplied to a contacting
W e@gebg72svher ei n the contacting vessel i ncl udeBCHUS2008/010831
| east one inlet for supplying a turpentine liquid for
recovery of hydrocarbons fromthe tar sands. The tar
sand sanple is contacted with a turpentine liquid to
extract the hydrocarbon-containing organic matter from
hydrocdif LR 5, SBRIE O R DT ol 0 B piure tha
ncuae WG G4 oy B BRI BROBHRRE 018 Dl
fromthe turpentine liquid. to produce hydrocarbon
are reml LR g PUEIGH o A ORI ISRy es e gthasaifg rom the
I'n certain enbodi nents, the nethod further includes
turpenting diquidep pErdupe 8 Irdropagbemaroduetsigam gad pitggrrfinediapd rcycle stream.
streamto the contracting vessel. In other
In certagme¢robodimants, the Hepenting digridoacyelgtigam ig serybled $ehgrcantsatting vessel.
by distillation to produce the hydrocarbon product
In othes¢mbadimantd, thkentsted bydroceebdri-cpritainimgmylcéhaleshias@amnean particle size of
[0075] In certain enbodi ments, the turpentine |iquid
less tha@about@.H2 eem dn deitere dh.other e@ibda@imenidotingandtbod fdt@he recovery of
turpentine liquid can include at |east about 40% by

hydrocfBétlB8ntAnin REAEO maBBdr O toledhlel thea e AR RynidRicles at least one
b-terpineol. Tn certain enbodi nents, between 0.5 and 4
' i nt.i L O s . . _—
compoUNBLATH i A S BRI AR R 388 ideptine,pin i,
pinene PR R4S ERSHPSB il PRSP8I HBMEL Brrenc,
sands and recqyv hydr ocar.bons. [0076] .1 n_anot he
terpene G BRA(OIeS (RaEdlo dnr<der DUBYARTI B BIBUMIB JROELHE MR Figeast one
organic matter froma hydrocarbon rich_ oil shale is .
compoundasriesisd. frameseranitlo d-crrsapudiaentaienimpenthad gkdieas) nrappnpinane, 2-
. that includes hydrocarbon-containing organic matter to
pinane pydigperexileh iaipio dudmts Zepinardlnilhydomycenl] soberagol, p-menthan-8-ol,
i ncl udes a recoverabl e hydrocarbon naterial and
a-terpinyhaceyatni atronellioh pahernthan-8ryt aceta¢,. 7-Mydzoxyidihydrocitronellal, menthol, and

mixtures thereof. In other embodiments, the turpentine liquid 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-citronellal, 10-camphorsulphonic acid, cintronellal,
menthone, and mixtures thereof. In certain embodiments, the turpentine liquid can include a-
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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shale is ground to produce crushed

hydr ocar bon-contai ning oil shale. The crushed
whweossiedHoncont ai ning oil shale is then filteP@rUSin$1010831

afilter screen to prevent or control the excessively

| arge particles frombeing supplied to the extraction

process. The crushed hydrocarbon-containing oil shale
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organictroatfer add dreorgarliy dir mselublermageda u cthesorkeiargraumd ta produce crushed coal
turpentine liquid recycle stream 1In certain

and filtersdo@i pidRide, a shfpleUsiP@iifdriveor ideited difLydihe GtshearsoaBis fed to a
recycled to the contracting vessel. In other

comactﬁgb&ealkére%&elﬂ AR eoMadIB ? Y561 qﬁ@mb&n atC RiabrabikY ngetOfdr supplying a
has a nean partlc e size of |ess than about 5

turpentl 1'1 1&'@”‘?&%(/? hgf A ﬁgpsogﬂoﬁp Rhandd cBQe aﬁﬁt&ﬁgc{eﬁrthh the

ecovery 0] ydr car on contalnlng organlc ma

turpentlingg g%n%J to eexérg r}pthe %nargr :gg Bxl?ertge Clqlu{'l (?a‘f tUdGOéiH{:ﬁ: hné)rgamc solids
and an tﬁnzt;é:rﬁgrtl In%x{#% gﬁgé Ie:)gt?chfr)n% ?rﬁ%@nlre 1ng Lﬁg? B{e&gme&ll&ehgmd an(? recovered

g-terpineol, terpene resins, a-terpene, b-terpene, g-

hydrocqrb@rﬁe nEhe igpreapigaiipsolythe sl aF separatsd lepmdhe mRiRcEon MHgture, and
turpentine liquid includes at |east one conpound

the receverest hydfogarbensgue sapashted giqparthmgxrp@tlpg Atqutieto produce a liquid coal
(p-ment ha-1, 8-di ene), nopol, pinane, 2- pinane

producthstelaop end & tdmenﬁlm’ ﬁhmidhydycﬂﬂ‘ stred?n.pilnardhin embodiments, the method
di hydronycenol , isoborneol, p-nenthan-8-0l, a-terpinyl

further athidRt eecyCling MizabiipehtinedhdEHa réaleSsticthmadah@téntracting vessel. In yet

7- hydr oxydi hydrocitronel lal, nenthol, and
other embodiments, the liquid coal product stream is supplied to a liquid coal refinery. In certain
embodiments, the coal sample includes a low grade coal having a mean particle size of less than

about 0.42 mm. In certain embodiments, the coal sample includes a high grade coal having a

mean 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 turpentine, mineral turpentine, pine oil, a-pinene, B-pinene, a-terpineol, B-

terpineol, y-terpineol, terpene resins, a-terpene, B-terpene, y-terpene, or mixtures thereof. In
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m xtures thereof. In other enbodi nents, the turpentine

liquid includes at |east one conpound sel ected from
w@p@visi7es canphene; p-cynene, anisal deyde, PCT/US2008/010831

3, 7-dinmethyl -1, 6-octadi ene, isobornyl acetate,

oci nene, all ooci nene, alloocinene al cohol s,

2- met hoxy- 2, 6-di net hyl - 7, 8- epoxyoct ane, canphor,

citral, 7-nmethoxydihydro-citronell al

other er&@d&ﬁ@ﬂﬁ@ﬁﬁﬁ ﬁr@%}ﬁﬂe%qﬁﬁ HAclufédyt rl%?&ﬁ@éomﬁﬁ{iﬂﬁ g%aed #3th geraniol,

m xtures t I'n certain enbodi ments,
. [ | Ui ' de. a- o] L.n.other .
s-caren, RGHRE .ol SR A Pinic. 3 S TRrpefbide Ropin hyarate
. | east about 40%.by vol unme a-ternpi neol ~and bet n 1l
2-pinangfy A3 GrORyCgritoPe Rl pp AR ot P L s e itigneliol, p-
between 0.5 and 4 equjvalents of the turpentine |iquid
menthan-8-yl cacgtafe, T-RBydrarydibygroqironellgl, raenthe), and mixtures thereof. In other
.recoverhydrocarbpnjcontainin% organic matter. In
embodimgntsathe Bupatingdinuid ingdydgea least oapFomppuadselggied frem anethole,
of the turpentine liquid is used to contact the oi
camphesétalpecyaredey @oseldeydey d¥, bdandtbylsl,6{o0@dighe,| msobnotyhercetate, ocimene,
aspect, a nethod for recovering hydrocarbon-cont ai ni ng
alloocinngaallcodimtiie alcbhals) 2 netialxyrd,6dirsethylsy8fepoeyotaheptaniphor, citral,
is provided. The nethod includes mning the
7-methdky@ihSdFo-@&6n 1R, MRL-E MpHoBsulHRHi¢CR & Qihtrone 81 MdhtHoR€, and mixtures
coal includes a recoverable hydrocarbon-contai ni ng

thereof.grlaaéér@imbsam@n& LRk e Aquid fRIdHRL ealt rrgéﬁg%b% by volume o-

he coal is ground to produce crushed coa
. ilte - { [ - i 0 [
empinedy 055l SpREMAS, eGP g DO, B 00y voume o
. erein the.con ting vessel includes at .l east one ..
terpineqt At BT 11 PR D FROETRESTH g 6O PR SPaRyiments, the
of hydrocarbons fr rushed coal, and contacted with
turpentipg éqwgrlﬁémqsr?éfqaﬁ‘q@% by Hog‘ﬂer‘ﬁlﬂplf‘?fg G 4P s2 APBB A7 MprRlume B-
. the crushed coal to produce inorganic solids and an
terpineqly {1 gertaimemhpdimgnis, berweenddd pad ¢ icaw valients @of &he tmendrssliquid is used
the turpentine liquid and recovered hydrocarbons. The
to conta¢tothgawilc slmle iandotagbver bydrpdsben-eontapagaorgdnicr omattethe In certain
extraction m xture, and the recovered hydrocarbons are

embodisep’) bitederf 0.5mnti2e0 equipeerits ofthleitarpettitediquid iluesed @0 contact the oil
l'iquid coal

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
liquid and a contacting vessel, wherein the contacting vessel includes at least one inlet for
introducing the turpentine liquid 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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product streamand a turpentine liquid recycle stream
In certain enbodi nents, the nethod further includes

WO 2@y/0887e8) t he turpentine liquid recycle streaP@T/0S1008010831
contracting vessel hi yet other enbodi nents, the
liquid coal product streamis supplied to a liquid
coal refinery. In certain enbodi nents, the coal sanple
includes a | ow grade coal having a nean particle size

tank mEltxdé lttelfI W mg)?@@ﬂtt thg- }ﬁl%sa'g@] (#HOHQ? hd 31')@ h&ﬁ‘&%aﬂﬁ nt’lshe system also

he coa [ e 1ncludes a grade coa avi ng

o RSB Al A 7
hydrocarbon containlng organlc natter fron1coa| t he

[0080] In i ent iaocf mentq lfhe conp ch{il%cj gg’s glt is a0 atrxlgr{(]:ﬁg%cf Pﬁgrutrﬂgt includes a series

rony nat ura ntlne

of fins ¢ tb"{g’ﬁ { gsgg%[a?m%gn %}d%g(ﬂtogtrrglﬁgé Ié]{]eg%%aa 3 181 ‘hﬁf E@qu[] ment, the fins or
t er pene resins, erpene, b-terpene, g-terpene,

trays argpqvifleddo fIEFase Pr cqqﬁr@f) H)ércoa%btapﬁb%en theda %?Pﬁ%m the turpentine
liquid includes at |east one conpound sel ected from

liquid. gdn agertein, egbediments, the gurpentiee (iquidesathan¢lude @i-terpaeol. In other
nopol , pi nane, 2-pinane hydroperoxide, tef in hydrate,

embodighepisn d’motu,rp&iitihy diquitly cen dicludestmteeere obqut (B0 phd &1098 byl volume a-
a-tef inyl acetate, citronellol, pnenthan- 8-yl

terpinedl @Al Bttveer aboil 26Xy AidH5ds B veighnplidrpineolrent hol , and
m xtures thereof, hi other enbodi nents, the turpentine
l'iquid includes at |east one conpound sel ected from

[0081] an@ﬁdméreas AP BRIEN B FXORIMRe Bidkcoalbay@dataining organic matter from
3, 7-dinmethyl -1, 6-octadi ene, 1sobornyl acetate,

a f
oil shal® ?é n}gft%ogf(:c)ll g‘hg Qﬁtﬁ?ﬁzyfcﬁg Iagﬁgdpfggsgpgtﬁ%lng qurgﬁ%hng liquid and a grinder

for corr%h{n(ﬁllxn% hhger(gﬁ %lhcﬁéqléjh I?é’(ﬂfcgd ?ﬁnttf'c%nﬁké a(\afontactmg vessel 1S a%rawded that

acl ci ntronel
1nclude§ &F Leélg]tte (?Iﬁit hFet Sﬁr @troﬁ%ﬁq% gfgel tg{pelrnlg 1q%|80/aﬁoge/‘a5 g r}glegfor receiving
i neol . In certal enbodlnen the turpentine
crusheq ?quhaae, ithlepsichas oxfley fféagqcow%gbv ig% fraths Soartinerestel and at least
and at |east about 15% by volunme b-terpineol. In ,
one outdet forresovringrancgrygetignemiduret fian 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 includes a filter to prevent the passage of solids to the holding
tank; a second conveyor for recovering solids. In certain embodiments, the system further
includes 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 o-terpineol and up to about 30% by weight B-
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turpentine liquid includes at |east 60% by vol une
a-terpineol and up to about 30% by vol une b-

wo 20piosssed . | n certain enbodi nents, between 0.BCHES2048/010831
equi valents of the turpentine liquid is used to
contact the oil shale and recover
hydr ocar bon-contai ning organic matter. In certain
enbodi ments, between 0.5 and 2.0 equival ents of the

terpmeJl UTP e b&dlﬂl%h% fh% gl%r;eqlcg@(p&ﬁcﬁlcﬁlhg bOweer Q?&.g _78?9and 90%

recover dr ocar talning organic matter.

m f
by voluH]e Epnl? ol afid gaaftec':n gb0§.l¥§$/o A0d R, Bf e(r%?/ %F bqg-gme Par sands

arbon- cont at hi n of gani'c
is prOV|ded The tar sands recovery systemincludes a

0052 BEREAT 9 Lt e dSehl Ay g spenic maver o
coal is Ilpmvb&%lt -S'ﬂ-@t qyﬁ%%}lsléclgﬁgs %{nalnfté%rgst%g)gt;(@t roduci nﬁgﬁlquld and a grinder for

recoverjing an extraction mxture fromthe contacting

comminpiigg cgoal TiRePregused rhastiadate Hratign of agredpged: sigenvbyentagtyg vessel is
supplying tar sands to the contacting vessel. A

providetl ghati ingludemt kemsttoneripleti dersintrofdyaneg thenmaenting lighid and at least one
hol ding tank to the contacting vessel is provided,

outlet foheew@ivaritdsolidsnend dgueist frorg thh econtiting tviessgl. v éElwetomanting vessel
the hol dingtank includes a filter to prevent the

includePalSs a@ein@imeand foil $hdroughie mivdhg theguipantine [idied sbthe Bbmhfifuted coal
includes a second conveyor for the recovery and

. A sephf F(;Vl(R’fd P& 1hg he d0%ESHd 1iquis) SvIRFRR @He@%ﬁﬁrato} RRludes an

contac ing vesse a rotary inclined filter t

inlet, aﬁ %ﬁ{l&dﬁﬁl 1?19 I%ﬁ:cafl ftl’lenﬁll s"fttf‘@%’n ?beﬂl%rcﬁjgfep dr ‘a{édcontactmg

r contro |ng &r san er enb

Vessel. t % %VS%{%%PO c?%dses 1?0181;18\{ q(egvhtepelrll Cr %3 ?:'ag mgltudes a line that

vveen >tar san
hi cert a

conncc b Erleiclank thfte BaA ke beteaeaH S g o v

enbodi nents, the turpentine |iquid can i ncl ude between

passagefsatidsigdhebeld ingday vol ume a- terpineol and between
about 25% and 55% by wei ght b-terpineol. [0081] In
anot her aspect, a systemfor recoverin

[0083] Fry gerérim cobadicesmtsaithe sysion Jahe ingludes a g’ﬂ@mfor 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 crushed 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 a-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 a-terpineol and between about 15%

and 45% by weight B-terpineol. In embodiments directed to the recovery of hydrocarbons from

34



oil shale is provided. The systemincludes a tank for
supplying a turpentine liquid and a grinder for
w@oovni0s8T128 Ng the oil shale to a reduced parti cCPEI/BE5208/010831

A contacting vessel is provided that includes at |east

one inlet for introducing the turpentine liquid, at

| east one inlet for receiving crushed oil shale, at

| east one outlet for recovering solids fromthe
low grad@ Qggl‘fttﬁé’]glrﬁfé?ﬁiﬁ@ lliqﬁmjcaﬂlt inl:ﬁlﬂétbe%n%tobﬁgw%oe[nd 95% by volume a-

recovering an extraction mxture fromthe contactin

. essel.. ' o, CONV. .S Rravi de or suppl yi ng

terpmeo\é raflé Eeet eél F$(£§g)| "ealfdoﬁ%ag E:’% hI¥: tﬁ}r%r%{/n%ggel . The system

further includes a holding tank, wherein the hol ding

ank includes a lipe ceonnecting the hol ding.tank.to .
10084) ol Y 280, 8, el RRA S iAo RCH Y gk “extraction of

filter to prevent the passag f splids to .the holding .
hydrocarbgqircontaigmg ﬁﬁgaetsnmfaf 3P hudraeabem oskyag , mpfier is ‘provided.

certain enbodi nents, the systemfurther includes a ‘
Generally, the msthod ipelugesproxidingsz sqmple @f thehxdrpeaebqigeqidpining material and

recovered hydrocarbons and the turpentine liquid to a
analyzing fhenlgydyodaphonf matenial tosdgiemmzing dre typel /odhydsecachons ibeing ¢xtracted. A

certain enbodi nents, the turpentine |liquid can include
formulatioh efopi ex@rattion of dgdtaarborwbotdiniten osganid enatter Feomt ithe hydrocarbon

liquid can include between about 60% and 95% by vol une
materiaBist26A0OE Grheddifl thdforpuRbionis SRftchiyn veihghtipdof RFMAREOnd the size

In other enbodi nents, the turpentine liquid can

of the JaRfdutASHREbUWRESh ARRYEL. 764, A foPMuMBbY MR Iudes at least about 40%
a-terpineol and between about” 5% and 25% by wei ght

by volugfetog{egéiﬂgtﬁ laﬁ&i/ %p l%gs%]agblﬂ 1399 Hﬂ ForRE I pinéb1 S YL %motu?trog r%-terpineol

recoverl ng rocarbon-contai ning ‘'organic matter fr
coal is praqvided. The systemjncludes tank for
and p-fispl, 8 S Rian ¥ TS R Bfead £55p Bit@PipgPs noted above. 1n
seneral S B4 DS SR B R ook i the desiva
i ncludes at | east one inlet for introducing the

formulatigh fen extrastipn @fi varientdhyslroqagest coptaining maggriafsp for other hydrocarbon-
_recovering solids and |liquids fromthe contacting o
containipgsmelerialFhandc widen spigified operating wonditiens, sitber stseries nf statistically
means for thoroughly m xing the turpentine |liquid and
designet] hexpedmmmts Wir edsetealof experiments according to an optimization method can be

performed to determine the optimum composition of the liquid turpentine.

[0085] As shown in Table 1, 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 a-
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 low grade coal or an oil shale, the amount a-terpineol in the
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. A separator is provided for separating the solids
and |iquids, wherein the separator includes an inlet,
w@eooonsd7es and a |ine connecting the inlet of PEEUS2008/010831

separator to the outlet of the contacting vessel. The
system al so i ncludes a hol ding tank, wherein the
hol di ng tank includes a |ine that connects the hol ding
tank to the separator, wherein the line can include a

turpenti{aé Elh&ﬁ[lgg’g}g{ag?\:(f%et?l g.}'n%ﬁtzts -teggein?oqlih ﬂﬁe t{lg)eh{’u?e H&{;lg i '§creased.

er f sel ectively .preventin
in ot b aOdimssty b S nfassparkStvelainke GRanr e JBut dnctudes tar
85 mmfromb i ntroduced e co

sands, tb%g@evm o Wr@]%?cﬁ edPW@Pg%ﬁ%ﬁS hseéﬁ%easqﬁ@%sti}g g@gymt of B-terpineol
further includes a line for sup (Ylng a liquid coa

in the fwpeatiee ligyidy iy &fcrensed; flprotheyy ?Iﬁg? imepise ifs theghydrerarbon-containing
certain enbodi nents, the systemfurther includes a

organic fpartgulate maggomcudes mpmq:si ang the nshe diawaéer efghe Iparticulate matter is
contacting vessel. In other enbodi nents, the system

less thahwbbiitet. 76 mohuties tlee aracun di-efpivey aii tHeoturpeating ligaidsiodedsased and
fromthe separator. In certain enbodi nents, the

the amdusk RE B effindol Ghlitke GAperiting|I4lR1 & inEfeAsddeOln othBr embodiments, if the
enbodi ments directed to the recovery of hydrocarbons

hydrocaﬁ’ﬁ(ﬁmxfﬂtﬁ hing! i€ Eﬁjtlculﬁﬁems&grﬁﬁaﬁﬂéiQa} 548 An® B mean diameter of
I ncl ude between about 45% and 80% by vol une

the partgc !a% B{aﬁ%o | &Fﬂerb n%x\%ﬁ&talbﬂlldg (il'%é?sf’i‘j1 qhez}lSt;Kﬁ %o\‘.\{ﬁ{ g%rgmeol in the

I néeo nents directed e re

turpentifit ' 3 SRRy R E e T s R sh i OF BB o) i jngreased.

a- terpineol and betmeen about 0% and 3096by wei ght

Table 1 EpRAITG ar EUPRURE ORAST Tapdt AFBRreR PR of

hydr ocar bon- contalnlng organic matter from hydrocarbon

containi nn matter s r\r ovided Ganer QIL\/ the method
Partlclc; ncl %@ “p'ieﬁl’llpﬂ?lng a é%‘:ﬁspléleelf t he "0~/ B-terpene other
(Mesh/ rocarfbon-containirng material and anal yzing the
‘ﬁanﬂﬁﬁggrocarbon material {to determ ne [the type

of hydrog¢arbon being gxtracted A
< 4 Mesh (4.76 | 30-50% vol 35-55% vol 10% vol 5% vol
mm)
1 mesh (1 inch) - | 40-60% vol 30-50% vol 10% vol 5% vol
4 mesh (4.76
mm)
> 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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formul ation for extraction of hydrocarbon-containing

organic matter fromthe hydrocarbon material is
w@e@viosksels wherein the formulation is a functiPCI/OS20081€10831

type of formation and the size of the particulate

hydr ocarbon material. Generally, the fornulation

i ncl udes at | east about 40% by vol une a-terpineol and

at | east about 10% by vol ume b-terpineol. The anobunt

the hydRfcafson&oRi#AGA% maRer Peh@EPAdiRAtitd, Bithhendu@chM! &t btRE High grade coal
t hen adj usted based upon the paraneters noted above hi

r ' t.he: [

and the3HFER Aamelflt fhefs i AR oSl £ileqTRhIRERt B, el e amount o

terpineqfn i SRS Glg 4F kTR AR SR P et et g tge rrpeniine

. ...and under _specified operat.] condi t.ions, either a .

liquid i§ gRqreseqs 18 RIr embedimSs b B IArseERan il pastighiatg matter includes
series of experinments according to an optim zation )

anthraciie,t bigunigeys eral.paratbemiiah grdgeoal ard,thet meanpdiamgiemof the particulate
conposition of the liquid turpentine. [0085] As shown

matter jsngreator ¢han, abohk 0Sdewint ithenf e ramaunt grtefporeodin thec turpantine liquid is
| i quefaction and/or sol ubilization of

decreashy dind cthe boneww nifaf-térpiealr gatliec tunpdrtiae lquidnis aicreasadls In another
varies based upon the particle size. In certain

embodigi¥RQdf Rk EdrodaisonNBEN partit Glatenheainflgdé Tow BR8é icB and the mean
liquid for extracting hydrocarbon-containing organic

diametdFR HRY parfi QAL Hatt8ARISss k| AbEES0. 07 M, tRG thd %n@m@{egﬁﬁeol in the

a- terpineol and b-terpineol in the forrmulation as

mrpent%g?iﬁimccﬁi]@ dRErel 38 2Rl A Shodnl? gf B?{%&%ﬁf ﬁocﬂﬁglggghtiﬁg lliiggidl i]§ increased.

ate %el ng extracte n-other e I ment

In anotflelgre n&hﬁl glrérgf%%{/\}qgﬁ% gg rtogziir 61{] gicﬁ)rﬁ) ol?:'}]ﬁ%ﬁ?%}%{éércllﬁ%@hgsr%%r%ﬁe coal and

I'nc coal or “a
a-terpi neqal. in theturpentine || idis i eased and
the mefiy ASERAE O o Pastinlets R 1 Brep e abark P e T trsamount o-

~ decreased. In other enbodinents, if the ) ) )
terpineq)yig the AppepfincoiAud is Aerrensehand theapmewunt) oft fterpipecdin the turpentine
~__includes tar sands, the anount a-terpineol in the
liquid is incprapadne |iquid is decreased and the anount of
b-terpineol in the turpentine liquid is increased. In
ot her enbodi nents, if the hydrocarbon-contai ni ng
Table 2. Formulations for Extraction of High Grade Coal based upon Particle Size

Particle Size | a-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)
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organi c particulate matter includes tar sands and the

mean di aneter of the particulate matter is |ess than
wW@bwman3sy2&6 nm then the anopunt a-terpineol inPCTES2008/010831

turpentine liquid is decreased and the anount of

b-terpineol in the turpentine liquid is increased hi

ot her enbodi nents, if the hydrocarbon-contai ni ng

organic particulate nmatter includes tar sands and the

¢ _par ' ! .
Table 3{‘?%%%@6% f6F Eﬂj'zﬁ:h?ﬁ‘ fpgé%k@hgggﬁ%éeﬂgoﬁa&m%ﬁé

out 1 inc nount
a-terpineol in the turpentine liquid is decreased and

raid " SR PTG SRR e,

(Mesh/' ncreas FOr N ons flor rac 0
di t'§ ds based upon Partlicle Size [0086] Simlar tp what
1ameleld showp above with rlespect to the|l extraction of tar

H T" nd 2 | ot

ceandc Ao coha 1 hl e 92 A thao f A~y an—f Ay

o oSS VVVPI LILIL < 39 0/ O TTor at 3 T T
< 20{, . pesh; %R?zol/?ﬁ(i}ef act]i 9P%ANPLr sof WOl zati on bP7ecEk]
(0.074 @dends [bot h on partiicle size and jon the quality of

the coall hei ted hi one e odi-npnt t

LN oavtran d of ha
40 me?‘f’et(ﬂéaofgp@ﬁ%}ﬁ‘gri ng é‘?ﬁ%ﬁ@ﬁti ne I?%LYPE for 0% vol
mm) — 2QQ mgshing hydr ocar bgn- cont ai ni ng jor gani ¢ nattef,
(0.074 ppp)he hydr ocar bon- cont ai ning matter includes

anthraciite hitumnoys coal or other high grade coal
> 40 meghd04R@ | TeR “avanet erl G20%He!l par t i [cifoak mat t er | P% vol
mm) | ess than about 0.15|nm then the fanount a- ter pineol
in the tflurpentine liquid is decreased and the ahount

of b-terpineol in the turpentine liquid is increased.
In other enbodinents, if the hydrocarbon rich
particul ate matter includes anthracite, bitum nous
[0087] Smailar towhat kseshohingdboge adéh espect tndicterbactmmmnofdaasaatigras shown in
of the particulate matter is greater than about 0.84
Table 41he fofm@ulatidiefod BRtERtion, - liqukefictiew knd/or dohebilizbtipR F bil€@hale depends on
liquid is decreased and the anmount of b-terpineol in
particlet §12. t U RABtdMHRAIh&HHi T the rhétRé6E RSrepreparihgdR RolPosition for extracting
enbodi nent, if the hydrocarbon rich particulate matter
hydrocdrBSH-UARSininW %L@@& galf o Q@arﬁgr?ﬁ hAHIENSE niitef BETud il
yloeéartﬁ%ﬁ%gpg g tteraﬁs’|ess %ﬁan a ou% %.074 nm Ften‘lesaDOI
a t..a-tern neal i ent.d I Laui d o
shale altlcfi; ghreexgxgg% dlaa%*llcf:"t?rh(g tgrg}tﬁjaﬁt{cﬂ(l)#g gr}e{ttg{ ESI ﬁ’té% F}%‘Innébt%ﬁ{e 80‘72? mm, then the
amountt(g{é)r[%rﬂgcl)lnl% t_lhé: (%tlljrlpgntinse llic?u% ?sa agc(%éased and the amount of B-terpineol in the

turpentine liquid is increased. In another embodiment, if the hydrocarbon rich particulate matter
includes oil shale and the mean diameter of the particulate matter is greater than about 0.42 mm,
then the amount a-terpineol in the turpentine liquid is decreased and the amount of B-terpineol in

the turpentine liquid is increased.
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I n anot her enbodi nent, if the hydrocarbon rich
particul ate matter includes | ow grade coal and the
wore@n/osii7asret er of the particulate matter is grReEE/E52008/010831

than about 0.42 mm then the anount a- terpineol in

the turpentine liquid is decreased and the anmount of

b-terpineol in the turpentine liquid is increased.

Table 2. Fornul ations for Extraction of Hi gh G ade

aféﬁg tions for

Table 4&3?#’3‘?‘?? (‘g% M?E%A\%@l ag(kaﬁlésgl ase %‘p%aﬁg‘%g?iﬁ%m e Size

[0087] Simlar to what is shown above with respect to

ITE C I Utdarl S S I LI
f&rets';lﬁ %t i‘aéthh?gfaext r actf' Fgélﬁ,ﬁfef)rquef c! Potlr% Ifeleng/ or othe
ubilization of oill shal e depends on particle|size.
diamet¢r} o0 gmbodi ment of |the method for preparing a
nnnnnn oan—for Py Al A I~ f\f\v\ o
200, é?ﬁf& r?gfgto VOlIf th Oﬁ%"é’égrbon TRdR! R particu g‘f/"e‘“’l
(0074 ter iincludes an 0|I shal e and the nean di aneter of
he partieulaie f—fs5—+ess—th gbout—0- 0.4 m
40 me%}héﬂ“?ﬁe 7%&&"’% terpﬁ 261Vl 1 t he| 154 ﬁgntl ne a%i w!
mm) — 200 gisgh ¢ased and t he |anount of b-tler pi neol in t1e
«)074FU¥bent|ne liquidis fincreased. |In| another enbogdinent,
if the In\/dr acarbon rilch particulat matter incliudes
> 40 mesh|(04RQI d5H8% vole med-W0%vel er of | $hkeoparti cul RP% vol
mm) pmatter is greater thgn about 0.42 jmm then the anount
a-terpimeol in the tu ' iquidis decreased and

the anmount of b-terpineol in the turpentine liquid is
i ncreased. Table 4. Formul ations for Extraction of Ol
Shal e based upon Particle Size [0088] The extraction
[0088] The extwattionidf cgude biksinyilafypdapesdsoon theetypy pé cofdearilibleing extracted,
oil being extracted, liquefied, and/or solubilized. As
liquefiedh antor nsoldblizzedS, Ashehdvar niul Tablers,f e fdmmukxibh afot i the, extraction,
I i quefaction and/or solubilization of crude oil

liquefaciRRYAER T kSluBilizikiif bdtudd oiP Abpenlfistd filnBtid SEbARPaktidR: size and the

guality of the density of the crude oil being
- t d Vi I j -1
avity 2y B8 RO Vi ERuRia! e aptrpaatafovians

turpenti\lllg lliﬂlq}%l f%rx%&laﬁ&p ﬁ]%lt 1&'119169‘;& ieg&SStO /02 Q)/ Yolume a-terpineol and at least 20%

by volume B-terpineol; adjusting the amount of a-terpineol and B-terpineol in the turpentine
liquid 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 B-
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 a-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 31°, medium crude oils have an API of
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by vol une b-terpineol; adjusting the anount of
a-terpineol and b-terpineol in the turpentine |iquid

wo e0opbsIes on based upon the density of the |igedTUsS2008/010831
hydr ocar bon being extracted. In one enbodinent, if the
APl gravity of the liquid hydrocarbon being extracted
is greater than about 22, then the anpunt a-terpineo
in the turpentine liquid is decreased and the amount

betweerpéclbotﬁt 2L ARA 31°NhedV§ oﬁl‘&’fa@ %H%P"I%f'b'e%eﬁ abgl]}tl e %ﬁ@%@&n 22°, and

I n anot her embodi hent; i f the API gravity o
tracted is | ess than about
ex“ah%éfg ﬁggxfﬁgfggggnPg$m¥Q¥gﬁneol in the turpentine
quuid is increased and the anount of b- terplneol in
nt ng. li UId a ereln
Table 5| REpbiaAGR P Exlridioh Br CudISSH pARE Hpad APYBEASRE S -
crude oils have an API ofbetmeen about 22 and about

an ADI ~f aon.-abait

Ao
IICCl o ATl

Crude bype e gxte'rérnﬁ avy c’ﬁf %3@%&?1\% &7 b rts&eiFhZH ofheee

Takl f"v'll'wln f'\l

Cightmggiogy” o L% R VOhons! (ly L BBAS! . anblAGP] aspect | (&6 vo

crude netﬂ6@¥for preparingla turpentine |iquid for enhancing

greater tha@ggory of |iquid hydrocarbon-conﬁaining or ganj ¢
i na sub-sur i is nrovided! The

Heavy/Badfthod il 58t 9%e¥0lpr ovi|&Ontp%a velor nul [at4% ok orpr i s| 5% vl

Heavy (ABk{ess(0% by vol ume g-terpineol and at |east 20% by

than 22Y)ol une b-terpi neol, gnd adjusting {the anount of
a-terpimeol and b- terpi neol in thel formilation based

upon t he geol ogi cal features of the sub-surface
formati on. [0090] hi another aspect, a conposition for
cl eani ng and/ or recovering hydrocarbons froma liquid

[0089] hy atratisaraspest,comiethiodi fioy prepatsed a ingpentong lipad fovremhanaing reeovery of
conmposition includes at | east one conpound sel ected

liquid Hydfovarbahiwoataiting peghicnmattayfidmed swb-sutfdee fbimationnis peowitied. The
turpentine, pine oil, a- pinene, b-pinene,

methodandl8ddRi pr6@Uinghr fo@ﬁxﬁlaﬂ@@ kom@riifs B RE&!50% BY R/ &XrPiheol and at
a-terpene, b-terpene, g- terpene, or mxtures thereof.

least 20;/£‘n ld)ytalpﬁﬁneeﬁf@é?ﬁh@@lma& a&jﬂﬁin%QHP%BﬁﬂtQﬂ\ J—prlﬁéo@ AR BYerpineol 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, a-
pinene, B-pinene, o-terpineol, B-terpineol, y-terpineol, terpene resins, a-terpene, B-terpene, y-
terpene, 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-pinane hydroperoxide, terpin hydrate, 2-

pinanol, dihydromycenol, isoborneol, p-menthan-8-ol, a-terpinyl acetate, citronellol, p-menthan-
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recovering hydrocarbons includes at |east one conpound
sel ected from geraniol, 3-carene, dipentene
W@ poopiesi7es- | , 8- di ene), nopol, pinane, 2-pi nanePCT/US2008/010831

hydr oper oxi de, terpin hydrate, 2- pinanol,

di hydronycenol , isoboneol, p-nenthan-8-ol, a-terpinyl

acetate, citronellol, p-nenthan8-yl acetate,

7- hydr oxydi hydrocitronel l al, nenthol, and m xtures
8-yl ac%{%?er e?-fh didlx ?iﬁ&dx%&#r%ﬁelﬁﬁp% ,t Snd! Hﬁxtﬁfé’gp Fh%k dfon If]oglet other

C eénlna and’ o recovering hydrocarbons I ncludes at
embou 2R3 R RS EATRSY R B 5] AP DS VRSP ATRRARES ot st one
oci nene, all ooci nene,

I gobarn cetate .a] | ooci gen
compouylC ettt BT aEgl®s GIRHENGL RyDTIETS. dBBREUIans, dmethyl-1.6-
. canphor, citral, 7-methoxydi hydro-citronella
octadiengy . isehAshYr 3¢RtHRoNFIMERE] @lioggimenenallposimenge alaebels, 2amethoxy-2,6-
m xtures thereof hi one enbodi nent, the conposition
dimethyil7e8-epheyoctand, sampher eitrab e hexydibpdroteétrénsilplo W regmphorsulphonic
a- pi nene, b-pinene, a-terpineol, and b-terpineol. In
acid, cirdromeliad; menthook, aed mixtntes tikayeqfo dn bhoemboediimeoie theatondpesitibn includes
25% by vol une a-terpineol or b- terpineol. [0091] In
at least 3R@tbRpodfiPR6h, the felRiwingt d-pinefid, fapinaige, and/piieol, and B-terpineol. In
recovering hydrocarbons froma liquid
another YABQRERERONKE QAkPLELBY HE88& al Jead 28%ABY. volliGe "RIDGiHe0l or -
i ncludes contacting the interior of vessel with a
Jiydrocarbon cl eani ng conposition that includes at
[ east one conpound sel ected from a-pi nene, b-pinene,
a-terpineol, and b-terpineol to create a m xture,

[0091] ﬂpg{ogﬁé? a ﬁ%t,{%é}e% éop Eieg%ﬁé gﬁ)gfgﬁ :r%cg)vgrgnré;gg(lfﬁgﬁﬁ&%%%m a liquid

terpine

residue a rocar tron.
hydrocafitdfinfotie o Rl S OPRE: ol PRl oTpUET FaRectine B datrior of

at. l east 25% by vol une of _a-terpineol or b-terpineol.
vessel with eelmda%%r%e*ré?%wmpém@, thefimchides o IgstrpeEIRoupdh selected
i ncl udes at | east 25% by vol une of a-terpineol and at ]
from a-pEsae, &BW{PW q,gﬂrmﬁg)lbachpﬁq:rg@@pl_ to create a mixture, wherein the mixture

includes the liquid 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 least 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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EXAMPLES [0092] Exanple 1. In this exanple, coal from
the Pittsburgh seamin Washi ngton County, Pennsylvani a
woresgreefi ed with reagent a-terpineol. The cPEI/US2008/010831

sanpl e was obtained fromtheCoal Bank at Pennsyl vani a

State University, which provided the foll ow ng

proxi mate anal yses for it; 2.00 wt. % of as-received

noi sture, 9.25 wt. %of dry ash, 38.63 w. % of dry

Coal Bé&ﬂkl AlPnRsyTRIdi£ 'Stat@ﬂﬂl\%psu%rzw\l’ﬁch pfﬁ)@lfdeﬂj iiYe fdl%ﬁ@néé@t‘b&ﬁﬂate analyses

he partlcle si ze of coal sanpl'e was about 60

for it; ZA@PU L% ofgz{sqjgge@% ﬂlk?‘s%rgl ?@9 lwtw?“osogﬁlgic Jlsé §§i ‘3? q’v“(t % of dry volatile

0O grans o e coa

matter, F&%&@ﬁ?’ °o.°§§°§%ff£’ﬁ G P b Zec%ﬁﬁoeaa sapl g Sbout 60

mesh. lAgg %(ig{sa%}a% Y %Feg}))(lt&;:glc\?v{lsgg%\tl sz)gﬁle%%ggéqaﬁé?b\?égrtns of the coal sample
mai ntai ned at the constant tenperature of about 96C -

placed mngn ewiractian aiersel.albe SHVérE rigy thEe repgsnttergarpple ratio of 2 to 1. The
a-terpineol, the pressure in the extraction vesse

capped,ratrmiohtightht seated, axtiviction vpssek sonimfg Hiei ighitltagt nggeretdfamterpineol
about |. A xIO5 Pascals ( 1 arm. After about 30

and coaliwast msintdifeel a0 the woastaststefipbtaare df abdutt 96 CCcaal continually agitated.
particles retained on the filter were washed with

Withou€bbi#ing |th@@dehinedt] the peess@95h aRd eX¥edclibh -vebdel FdiRaiRal htSthe ambient

of welght |loss, the conversion, i.e., the extent of
pressurd | 'oﬂ Léﬁ '1&9 thﬁf abh\R £OBl108 %a@s yeamdet A edut 90 Rinutes, the
about % [0093] Exanple 2. This exanple Is

mlxtureI \g%nehlt&@h aIlc? tllr:@(@(m? lpﬁm%lés r}eélnle DRRRE tfﬁte Fepg/g%]gg v¥1th ethanol and

mal nt al nl ng en‘pera ure at

bout 30 n1n the extr.actjon
aried 1§ i, Relith "o ke BRBE o & %I%gg?fn&&é PR Eii€ extent of
nalnttbned at tenperatur L bou 135 C for an
liquefactign; ¢fitBr 592l sEpplsgY C?HBH“F Rt 88 Withe pressure in
the extraction vessel renalned at the anbient pressure
f slightly. less than about ad xI O 5 Pascal s 1
[0093] gtuﬂflplle%n T%t?n%“f@l%?? @ent?epal te ﬁéa@gbzr Ldn gl aspects( except two. After
| i quefaction, of the coal sanple was determ ned to be
maintaipiyg the pempgrature 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 o-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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% [0094] Exanple 3. The coal sanple used was fromthe
sane source with the sane proxi mate anal yses as those
wQs@d/038128 he precedi ng two exanpl es. About 31 PCHES200$/010831
a-terpineol were added to about 3 1 grans of the coal
sanple in an extraction vessel . The m xture was
mai nt ai ned at about 960C and an anbi ent pressure of
slightly less than about |.AxIO5 Pascals ( 1 atm
about 36 9{1%9@ TRO BhVULIES, i IAﬁ?le QEEEE bF 'l@ﬁcfa&ncﬁr of YR ALY fifle attained

I'i quefaction, of the coal sanple attarned was

was detg%m?{({@o%g%bgﬁ 'Hewfab/obl% \&7&: V%’m% the %%Igﬁlgvéﬂegﬁit%é I&%shmg, and drying

ter filte

pr di n anpl es. [0095] Exanpl e 4. This
anoneé&g’n‘ﬁ?Ir @gtggﬁ’%‘%@? ‘to Exanple 3, except that about
30 . %of a- terpineol was replaced with hexane,
FOVI d| ng,

[0095] O Orfls ok s | tlgzlilntg des Faapld o Sheent o p%ﬁli 8%, % of -

e., the degree of liquefaction to about 1.3 wt

terpmeoﬂ B9 EJPlaced wihdhesaner peovading a scagaif thatoReindase/ Oawa%wstégnmol and 30

coal sanple and experinental conditions in terns of
wt. % hexampel hisueduced thegopversignd.a-.chgdegree of lsguefricion ¢t dbout bs wt. %.

this exanple were the sane as those of Exanple 3. The
duration of the extraction, however, was reduced from

[0096] Evemaple 30 nTheusewce and bprokin@e ranalysess of Adali sanplal 4nd, experimental
about 30 wt. % of the a-terpineol was replaced wth

conditiohs lw teams|lof t@nparhuira) Ppressure agd ntagehtto-sanglleide® 060 thik eXample were
a-terpineol and 30 wt. % 1- butanol. The anount of

the sam€ Q8|thddeOdfeABehI¥aBS DY MHurdlion bf the3EktEicAb, HoWeES Q@i@%ﬂ\&ed from
to conversion of about 1.0 wt. % [0097] Exanpl e

about 30 HhiRuR¥a8Rb6ut 20 Bﬁﬁut@@”@x(ﬁﬁl ?‘pzlb%ug 30 At % 43 tﬁ’é it&?nneol was

source and pr oxi mat e anal ySes O coal sarrp e and
r t o/ 1.
replace&rﬁrﬁngn%%{oq o}grg(lﬁi%'?gg a@@rﬂ tg# elﬁ‘{}gg ’Rf w{ 1) a ‘?gi'éi'h@(?l %gg{)kl?t wt. % 1
butanol.zéhg LS oantor coalqlque i€ \?/Qst orﬁ? ggout%% ge}’ggl%or?edépgn(ﬁl&s to conversion of

about 1.0 wt. %.

[0097] 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 a-terpineol and about 6 grams (20 wt. %) of xylenes, providing a reagent that
includes 70 wt.% a-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-terpineol. 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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(80 wt. % of a-terpineol and about 6 granms (20 wt. %

of xylenes, providing a reagent that includes 70 wt. %
wa@2a0en0ps7eeol and 30 wt. % xyl enes. The coal | ipeEUS®I8/010831

was about 10.0 grans, corresponding to conversion of

about 40 wt. % [0098] Exanple 7. In this exanple,

coal fromthe Wodak seamin Canpbell County, Wom ng

was |iquefied with reagent a-terpineol. The coa

% of asﬁrééme% M@%m?é’tﬁs?n\%{i oh Pk LG, 498k wﬁa%(ofadryﬁ’z%mﬁé’ln\éﬁéy a@nd 47.57

State University, which provided the follow ng
wt. % of ﬁ%%@raéc l'%)'ﬂa;%%ec%ai /&'i'rf_dlé 5 gn%c% i}zwé%ﬁnfouﬁ§g /Fn%gl?l XSS'ut 60 grams
of a-ter&iﬂgglg%lgﬁeg%ﬁdgcg Etl% gp?lllt egr§‘f11§ eofomgg 08?} I ed C%ch an extraction
vessel gg'gzl{l&tengg) Sy raél‘o q eg H:ga ga;%l at L}é q%gggﬂtly sealed, extraction
extracti on vessel a rea ent-to-sanple ratio of about

vessel contagning thth gesalip)s eralxhyetofrfbfermm@cm ngl %(@bw@a maintaingdt 3toh constant
vessel containing the resultant m xture of a-terpineo

temperatind of gdbutn86°Grand cantiswllztagitatedn sWathoutt borfieg &f the ogkrpineol, the
about 96C and continually agitated. Wthout boiling of

pressurd fiethe- dxemaptiote oésselt feenaiiedsatithe aimbidn @resxire axftslightly ésss @han about
remai ned at the anbient pressure of slightly |ess than

1.01x 102 Paudalsl (0hish)D AfRE @Bb® 0 Miditsd, -thénliRfur@ROWie Sfiraction vessel was
m nutes, the mxture in the extraction vessel was

filtered fahd W @gal anftidiferetfadd BRthd BliESweR! RhiRd With tiM@ndll dddCdried to a
were washed with ethanol and dried to a constant

constany\@la%m. : ﬂm}aée Q&lsb&s\%rél[gﬂﬂc X‘? tlgfhéonlvgﬁﬁifn E E éth%o&égesdfq{bgefaction, of

ree action coa

etermned t 5 w,. % [0099] Exanple 8. The
thec°”é§%@ﬁ.%ﬁﬁm %WR"FHﬁ%gsié Ié was carried out under the
conditions identical to those of the preceding exanple
of a-terpineol were

[0099] Xce@scﬁo o ThenBRergs LB Gl v a%ea@% d@)‘g’condiﬁons

npl e, to about. 30 grans of the coal sanp th
ldentlcaéttq §I'°ﬁF ﬁ& the prepedip® SR ANPle SFSFPLORE] oA'aqutd%gr@@s rf arﬁa)meol were
conversion, i.e., the degree

added, instead of about 60 grams, as done 1n 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 liquefaction, of the coal sample attained decreased from about 75 wt. %, attained in the

preceding example, to about 69 wt. %.

[00100] 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 a-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, including 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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of liquefaction, of the coal sanple attained decreased

fromabout 75 wt. % attained in the preceding
W@x@npbss2s t o about 69 wt. % [00100] Exanpl e 9pCT/nS100$/610831

exanpl e, about 3 grams of oil shale fromthe

Green-river region of Col orado was solubilized with

about 9 grans of a-terpineol, thus giving rise to the

reagent-to-sanple ratio of 3 to 1, to extract kerogen

temperdt@e G| Sred¥Bied & dboRN ISR alti SRR léé%rt‘ﬂéﬁ‘ 'asomt wlbs Pl (1 atm),

It. The organic carbon content; including bot

respecngg;lyat ﬂﬁe “%ggibfmggsg of %{éo%oplxga@epeeaaamuﬂgﬁ bg/,owggoﬁg Qer filtering,

certif analysis co

washin%)gptsreélgaglog anﬁ”dt hm%?) oslse’::,]log’s\%glyvgr S%} t g d’bto lﬁ V%ﬂ%gputt %.Pemmutes and
ntt enperature an sur e .of about 250C an

about 12|vftg szgf:r ngglg 45 minutes Fromy t% Bspcycight lpsses.dhe c?anrSéﬁqﬂ .€., the degree
respectively. The wei ght | osses of the sanpl es were

of extragphongaric pAtEEil Ghikatpesh argd/oF bitunaen, Mgs colimaed tp b about 40 wt. %
et hanol, and drying. These | osses were about 9 wt. %

for the fofmer ansbwastaboot 7 whttesorahellattbout 17 wt. % after about
45 m nutes. Fromthese wei ght | osses, the conversion,
I.e., the degree of extraction of organic matter,

[00101] . e. , Ekampigd®. dFidé exaniple dnplicatedetbe psdceding @damplebeth the exception
about 40 wt. % for the former and was about 75 wt. %

that a simgle &Xperinght, dastingGBdXL]5 Midug, eval Garriddi sut &x @gletperature of about
duplicated the preceding exanple with the exception

96°C, ihfiédd 8f abdid|2B°EXPEHd Weight 1ds8fithe ofibshdle deamnplt RkHs&Bout 12 wt. %,
was carried out at the tenperature of about 960C,

correspbrﬁﬁﬁ? g ccﬂggféfon25g tﬂ_éqﬁeé’r‘@é OP Extr 2880 0b¢ fté}g ﬁi torgdhd fhatter) of
sanpl e was about . % corresponding t o ¢
VEr si on, '.e., the degree of extractlon, of kerogen
abmns%gﬁdgnlc natter) of about 53 wt. % [00102] Exanple 11
In this exanple, bitumen (organic matter) in tar sands
[001021‘/\{ ?hm ﬁl b 7leql c]:anhls 8Xam\/\s@fﬂq§tgllm%§l(|{){%%§%ﬁ$? eé)ei)r(lElt%r sangs from Alberta,

iral” grade
tars

Canada, was soﬂn%nhzed and extracted with commercial grade synthetic turpentine. The tar-

(D

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
resultant mixture of synthetic turpentine and tar sands, was maintained 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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sanpl e was obtained from Al berta Research Council,
whi ch provided the foll ow ng proxi mate anal yses for

WO 2009838728 Wt . % of dry solids, 11.6 wt. % of dPEI/US2008/010831
bi tumen, and 4.0 wt. % of as-received noisture. About
30 granms of synthetic turpentine were gently added to
about 15 grans of the tar-sands sanple in a capped,
but not tightly seal ed, extraction vessel , utilizing

On the$ 1880 Yot @oéaﬁglc%nﬁﬁglbﬂ Oé ﬁg%gre% qul"céxt!raa nWS{" ?H&nen from the

I's extr Ctl on vesse con’t al ni e resu

Xt ur e of nt het.i [ € and tar sands vvas
tar'samﬁla |Vﬁaesqd anegcgﬁg)?ﬁﬁ?lﬂqghﬁg @ure of about 960C and
cont| nual ly agitated. Wthout boiling of the synt heti c

urpeptin h essure int extract n.ves

100103} ¢ 2Rt 12h bt Sk dballred Bt et it i PaSsampls, fom the
about  1.01x1 05 Pascals (1 atm. After about 20

same squree itk the samergtigae 3ng %ﬁ%aSetJaP%%fttP%Hre\?@gg% FXafgple were extracted
filtered and the solids (tar sands) retained on the

by abong (@ earamgrof antgspieeclwiinsicadt pfa aemmerrdal giradsd syndhedic turpentine, which
constant wei ght.On the basis of weight |oss, the

includes orterpimsobnThe resulfant heageefpesemple ratio mastli torl, instkadof e h as in the
fromthe tar-sands sanple was determ ned to be about

precedid®) Ox asiple %The GRAp&rdhertfxasgad abci? 30Iminutes ait eheatepiperatiadoftibout 96°C
60 granms of the tar-sands sanple fromthe sane source

under th¥ dribibMGreRiR dfrsﬁghﬂsate@s ABRLYSRY. (ﬁ%l@‘h%%@alé)gl 4thS. The convers10n
precedi ng exanpl e were extracted by about 60 grans of

i.e., the@xlchf Bf 8@Rktiod, B8 bRARR (ors MR in MAAR AV sARHIE Svas determined

turpentine, which includés a-terpineol. The resultant

g(ﬁjw%‘t, -sanple ratio was 1 to 1 instead of 2 to 1
mbeab()ﬁ? e preceding exanple. The experinent |asted

about 30 m nutes at the tenperature of about 96C under

[00104the ARRLEHE B ¢ £ oS %( piR SR oY | 833 o :?ﬁ‘e”t 2RO dinle from the
tent o extractlont of b|tu rﬂT é ni c “) I
same sQUES P08 AEe GRS, FRAIYRGE 3F OB O° BE=CAOg W OgRyamples were
wt. % [00104] Exanple 13. In this exarrpl e, about 60
extracteélr%gbq}\( 60ngraing jof syRibstic Mpxglqer Shighnis of the commercial grade. The

resultant reagent-to-sample ratio, therefore, was about 1 to 1. 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.e., 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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same source with the sane proxi mate anal yses as those

of the preceding two exanples were extracted by about
W@091038788 of synthetic turpentine, which is of P€HES2008/010831

commerci al grade. The resultant reagent-to-sanple

ratio, therefore, was about 1 to 1. The experinent was

carried out for about 30 mnutes at the tenperature of

about 96C under the anbient pressure of slightly |ess

[001 06]t han ghamle! 159 BleCepRannlis thisledhiPle rditatcB8OMYEHS iR preceding

i.e., the degree of extraction, of bitunmen (organic

examplérgfﬁth %r-%ghﬁ]eotl Iﬂg%téa? S O?{lgég%ﬁ@@l’zﬂ*l- Sﬁ%y%ﬁgt% EHFr);Sekﬁ rr% g;l"nig ﬁonversmn

ie., thetcgﬁree o)f‘%ng*acql du ?ttn?u d(c;rhglr}lc Erg IHT?ﬂ] & a? sémnc%saslgrln%ae was about 70

ects ex cep agen sanp era
o, reduced f on1aboqt 2to 1 to about 0.5 to 1: About 60
wt. % agint pFﬁe%ﬂ%e¥%? P'€ands sanpl e was extracted by about
30 grams of synthetic turpentine, mhich is of the

comre C|al rade. The. conver.sion, t he ree of
[00107]ext r 4 eqéf %ﬁ? CHRREHPT Y &H? EX‘W&I?IF &yas %&%ﬁgé@dm g ambient
about 100 w. %attai ned |n nple 9 to about 70 w.

pressure/pf SEbtip Jessthanpbout £017HS P@ﬁ‘f?é? Glnqém) With thgtas-saRdsgsimple from the
repeated that of the preceding exanple with

same sograeevith theshme pexémate@halybrs as timse i the| prepedioig exgmplee wiith tar sands.
turpentine. The conversion, i.e., the degree of

About @xgmastdf @omnedrcibl-grade syrithetipatoipenting twas hdded tohabout 60 grams of the
tar-sands sanple was about 70 wt. %as in the

tar-sande s @6FI}] hils NI to[thrAddnt lx 84RpIe rdtfo of IBBUEKRET.| TR emperature
in this exanple was carried out under the ambient

of the sﬂﬁ@% 2HA %oﬂﬁme?dlélgé}ﬁcié’sylnﬁﬁﬁc H}ﬁé}xtﬁi@% Iﬂan%ﬁ’ﬁl:d QPay3a® 664 Sfor about

the tar-sands sanple fromthe sane

30 min yf’o"il%\x)@'d(}g (E(J%ﬁn g}ﬁb&{tol)gb 1%119%81)& Sf? ﬁ],&ggu% hglgl%g{]&ntly the tar-

€ prece ng ex es wt ar san

e VR Gl SRR eatgléﬁgts%&%ﬁpba eGPl loss, the

ise to th t t | t f t
conversighe -t cffs et b %t?aqlﬁfé SHen fantle e ‘3§|thegtamﬁs sample was

synthetic turpentine was mai ntai ned at about 65C for
determipgghfigtbe about 70 wt. %.

[00108] Example 17. The experiment in this example repeated that of the preceding
example with a-terpineol instead of commercial grade synthetic 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 wt. %) of a-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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30 mnutes followed by cooling to about 150C within
about 5 m nutes. Subsequently, the tarsands sanple was
WO 20ovessses washed, dried and wei ghed. On the beGI/ES0H8/010831
wei ght | oss, the conversion, i.e., the degree of
extraction, of bitunmen (organic matter) in the
tar-sands sanple was determ ned to be about 70 wt. %
[00108] Exanple 17. The experiment in this exanple
than ab&?tppefﬁ%s tlﬁ%also {1 E%%o PrRE ﬂﬁ*}aﬁgn %?fatﬂpl % ght (reactlon or extraction

terplneol conner0|a gra ynt het

time) W%&f’ oué?:Ogrﬁmugege oﬂx\y/r%rﬁﬁ d%sls d)g t e 5 t]?:v\r/%jse r eF lgé SRSy From this
weigh lggsgu T:%gm\/l\%rﬁ@;{%g«jrz ogfg OUt ! ggtrﬁct(t:{%ﬂogo Elgﬂzg orgimnlg matter) was

t ar-sands sanpl e, melghlng about 30 grans, fron1the
estimategldgbe abot38 Wk ¥h t he same proxi mate anal yses as those
|n Exanpl es 11 through 17, was extracted with a liquid

hat included about ZQ“%rans (80 wt. % of a-terpineo
[00110]and abBeamepls 19y Thecc(tapsands sagplss, albifigan thepganeygource with the same

tenperature of about 96C under the ambi ent pressure of
proximat¢ iagdly$ep dsethbesehased dbalit precaling exadniies wathstal sandatwgre extracted by

The duration of the experinent (reaction or extraction
reagentd ¢dmBprisivasvadons hm3tntyohuttapinedhandvethagiol hiohe tamdpekdtere of about 15°C

sanpl e was about 10.2 granms. Fromthis weigh | oss, the

under tHeQIMRERI pREssure-of slightileslaBhe Bb&ft 18MKI @CRAsedls (0 g htnd)l tTERIAration of
(organic matter) was estimted to be about %

each ex%ﬁ'@r&erﬁtq}eagﬁm} Extiadtiod lﬁ'fr?e? WeRbeRN S miAR &% eaéﬂ kar—sBJQﬁ‘ sample.

same source wth th e sane DFOXI mat e anal ySes as

The first ngﬁeﬁe:ﬁag %x ch&@(i)lvﬁBr Sl Yo ﬂﬁﬂé %ﬁoﬁﬁ"d g‘a&a@ W%} of a-terpmeol

rac y reagéents co ing va

and abcft g3 48 (Rt A B UG PG E Ss%c%ﬁgsr”?mple was

about 1.01x1 05 Pascals 1 atm._The dur on of ea
extracted, With pfBIT{UTE cORPESBA aBPuteZc? (5§ 630 Ming teipel an bout 7.5

m nutes for each tar-sands sanple. ) ) o
grams (50 wt. %) of ethanol. The third sample was extracted with a mixture comprising about

12 grams (80 wt. %) of o-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 a-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 a-terpineol, and the second sample also weighing about 20 grams was

solubilized and extracted with about 20 grams of o-terpincol. Both samples were completely
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The first sanple was extracted wth a m xture
conprising about 0 gram (0 w. % of a-terpineol and
W@bwan3grzs grans (100 wt. % of ethanol, i.e., PT/OSP03$/€10831
et hanol . The second sanple was extracted with a
m xture conprising about 7.5 granms (50 wt. 9% of
a-terpineol and about 7.5 grans (50 wt. % of ethanol.
The third sanple was extracted with a m xture
dissolvedoATRY 139 AfhulROUfhele egﬁéﬂﬁer{tﬁgeyg carrfed 80t & LifuPitd ﬁ%l solubilization
and about 3 grans % of ethanol. The wei ght
e t )
and exth&?&e(ZfSh%g?y %J)%?er: g@’t \%vfggﬂ ?e%fig E‘Weﬁlrrlrczﬁnﬁ% %tﬁﬁ%s hlgel'la?%hz}lt
the t hree sanples wer e about 0.2 gran1(1 Owm. %9, O 6

[oo1129" 2m é;?aan Clg':]z dﬂ{ig eQ%ﬁ% ar B{?ﬁ&é‘n go g&m :’{%aet er)? fn[ &g%arldf] from the
same S%??ﬁ&tﬁ i s et ar R s dRens B & o peeviens cagmples with tar

mm were sol ubi|lized and extracted wth_a-terpineo
sands Waﬁaolablh%%angr%rréﬁ? PaBSP TIPSR %%MR le 9% spyhsan oflped com oil.
anmbi ent pressure of slightly |Iess than about 1.01x1 05
The vegptablenpils qre tomplefely THecibliervth Supgatiae Nanigh imtheairsiugxpggment, a tar-
granms was sol ubilized and extracted wth about 40

sands sgmnplesweighiagtabopi h&gramamdstilendsd cmddagitated| eontinsally with about 30
wei ghi ng about 20 grans was sol ubilized and extracted

grams ofisbybeab @iit fo? @beit DOBmivfuted -at @icpichpoltaturBolf Abswt sl €under the ambient
conpl et el ydi ssol ved after 30 m nutes. These

pressur€$PSUHIBNeSs thah Abs@r I.0Bd 00 Pasdals @i 4tHl) At Ehel Wight loss was about 0.5
sol ubi I ization and extraction of heavy crude oil,

gram erﬁ' \Qﬂlch]qﬂgéoﬂ\%rg?@n Chhé eGrel Qﬁlekﬁ"gﬁﬁ)nl b BitfR ?ﬂ the sample was

Exanpl e 21. 7In thi's exanple, bitunmen (organic

CStlmatJPttOtb%r gbolup3 53+, S/an?r?tﬁe S%E%I{({]%é)%ﬁgl%nls gl{grgseag?ﬁ% gzﬁnﬁlg Svei u%hlng about

pr oxi nat e anal yses as

30 gray Wﬁépi)(?wdevﬁa??de%«%@ SEPSTimyabe Bl Bhepl 56 GBS e %ﬁ%&ﬁﬁ about 30

corn oil. The g get abl e ol:#ls are corrpl etely m.scib
minutes gt the EHPERHITT AEAUG A7 <1C PRl e ambIsHt RESSIWHE] q#éhzhﬂyaless than about
tarsands sanpl e V\Elghl ng about 15 grams was bl ended

1 lel(hﬁ)@scgbq tlated thenveighidiossywag apubASugrame from which the conversion, i.e.,

the degree of extraction, of bitumen in the sample 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 reagent injection on oil recovery from core. The first test was designed to
determine the increment oil recovery due to a- 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
chloride produced 4.6 mL of oil. Five (5) pore volumes of a-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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granms of soybean oil for about 20 mnutes at the
tenperature of about 96C under the anbient pressure of

W@ kioghsd798 | ess t han about 1.01x1 05 Pascal s ( HCHUS£3)008/010831
The wei ght | oss was about 0.5 gram from which the
conversion, i.e., the degree of extraction, of bitunen
in the sanple was estimated to be about 3.3 wt. % In
t he second experinent, a tar-sands sanple wei ghi ng

expecte@BRW a 3@ REBvIRWith haBgRtboR Nfe@igh! qth@ delcQBd b&%%bﬁﬁhned 8.85mL
wi th about 60 granms of corn oil for about 30 m nutes

of labo?attorg/g(gi} esﬁ‘H?l?l{ul?é %hﬁ‘ e0bi Zggﬂt é%lllscgib téiﬁlr gﬁgfogg{sl%tg y 0.5 pore
volume% I(I)Z an%mlé?og 1roqﬁct90 Whl&f’ é)blrréueedo?ntgxfﬁ 3)255@ { él%mefs however the
majoritj%)l~ F18 ' | %]Je%e@ﬁ%‘n%{eé 2:"1‘@ ;Sﬂ%rlgg/a rg\%ﬁt,(gf ogémaigﬁ? § ecai,?n ‘A total of

Ber ea sandstone pl ug core sanples to deternmne th
7.94 mfof dakorgpry e&g@ﬁtrewe@f@s .tlaﬁﬁebynleawpg rthe 69 yith rl%tb@r &% of oil
The first test was designed to determ ne the increnent
remainipg in theoogmalvelumet o a- terpineol injection after a
field had al ready undergone waterfl ooding to the
limt. The selected core contained 9.01 nL of
[00114]) abor kt ong eapérimentuvaidusgdiflierené ratids. of aetuyeenting [ligodi ty tar sand
wi th aqueous sol ution containing 3.0% of potassium
sample kO tasdd. Thedugedtide Bquitl fof eashlof the eepefimenpoprevided bekles, had the
of a-terpineol injection produced additional 3.61 nL

same fd¥mulition, WheleBDhel @apoitioh hfciG@ideabiit 60YE£Ey vbhigde @t&fneol, about
of oil remaining in the original volume. The second

20% by %fun‘(@ﬁ tPieBNefhdt HoLERDOS 8P vdidiRe lyie gd T&C%Yesra}fds were a

that could beexpected froma virginre erv0|r\Mt

dlffererf’é1 [rgg Pe%%qrﬁ %{Jﬁ% I @anad-ghﬁa\ﬁ%? %Etﬁgleﬁ W ﬁto&ﬁ%b%ggrately 12% by

Ory oIl I'ng crud

v B SRS IR AL, S SRR v

pore vo|] unes; however, the majority of the oil was
perfom’regé‘b@tgpéah"éﬁt%‘?p?fﬁﬁ‘lﬁe'z. 5 pore vol unes of a-terpineol
injection. Atotal of 7.94 nL of |aboratory oil was

recovered, thereby |leaving the core with | ess than
[001 15]7 50 &F sgpwn 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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remaining in the original volunme. [001 14] In one
experinment, various different ratios of a turpentine

wO p@alosB72® tar sand sanple were tested. The t uP@ENS1008010831
liquid for each of the experinents provi ded bel ow had
the sane formul ati on, wherein the conposition included .
about 60% by vol une a-terpineol, about 20% by vol une
b-t er pi neol, and about 20% by vol unme g-terpineol. The

matena%aﬁatﬁ)@é?ga at%%e% al'hbé [ flﬁJeWecgl%gé t?é Jr%%tp{xgr)%lgﬁ&{ tprﬁg (v%&@}) minutes,
d 4-
which 1@%?1 ?(9 c}ﬁ]eaxplgs?ggz}r} ?fgﬂygtoa%ﬁgt g)fotfac %Magroggrbons fr/om tar sands.

at m)spherl c tenperature. [001 15] As shown in Table 6
bel ow, recovery of hydrocarbons fromtar sands across
all ratios provided below (i.e., ratios of turpentine
liquid to tar sands ranging from1l:2 to 2:1) resulted

Table 6

in nnnr~| recovery ﬂf h\lf‘lr faYa) rhnnc gnd | |'l"l'| e

Tar i EXbpciatle & Weightor dfabio of | Amouat e clPargent he | Temp, | Exposure
Sand  t oflSer at ureogt whi cﬁart fandexek act Hon HS carriled out| Time,
Weightj s weght.e8 e ¢f extheetionhdo opt | nueKttasieder aextragted or| t he | minutes
g extracti on, selgentbi ||isebventon| &nd/ or || quef actijon of
hydrocarbons fromtiar sands is 65C{ As shown in the

15 t aBlle, at aBBGt 1304;2the pdBunt of| ¥ldrocarl®¥éns |20
recovered ils reducgd. It is noted hiowever, tihat far

60 ceft8i n sol i126.0f rorplvthi ch | $.4i s parftéScul arl y 96i ffi|caAd t
t® recover |hydrocarlbons, ihcreasing the tenperaturle of

60 the.gextractiBow sol yent can| 9.6crease 1A3e anoyms of | 30
hydr ocarbons that are recopered. Fijnally, itf is shown

60 t hatg exposlige.oti me (had very7kittle |[egf ect ongshe |39
amount of material s |that wefe extracted. Thig is lilkely

60 DEeguse T Ne¢gplpor T esty. exXtracypon t1 neswas 20 |rpul €39
whi ch is believed to be nore than %(?equate fior the

60 e Zr cuon g tne 'ylafocar §RS fTo sangg |a'i§)6
[) i

1 16] Additional| experipents werle conductied usi|ng
at termativ ot vents,—manery
[00116] Additional experiments were conducted using alternative solvents, namely

ethanol and corn 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 complete or nearly complete extraction of extractable hydrocarbons,
ethanol yielded only 10% of the recoverable hydrocarbons and heated com oil yielded only 33%

of the recoverable hydrocarbons.
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S tot
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%ﬁhce of
ne poi nt
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HI? Il I Cﬂ

that wh
70%

n the
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a-terpine
mat eri al

ol , full

fromthe tar sand sanple is achieved.
18] The second set of data is presented for extraction

extraction of the hydrocarbon

[

001

[oo117pf hyds ogaehomh h%ere 8Ibdiat, SROGerbirhdhcRUSE various tm]ieonct)n/)e liquid
0

terpme({l o1 l%:l

a-terpine

substantl

compositions presen

ol . As sh

ten

?ed i ?he tzﬁ)le incﬁude a-terpineol, B-terpineol, and y-terpineol.

formul 1%&?815%1?1%&1% ru%clﬁﬁhé( 1

A BE0R Al YASTROBIAA By
prneol |

own,

t of the

scaa

& 50l

sanp
%

extraction of greater tha

tﬁgtg{?ﬁ' HhC IR bxﬂ?/t&?erpmeol and a-

Fbmever

bien

rac

Fsl, are prov1d3et‘iI The first three

For

example, the first same includes about 60% by volume a-terpineol, about 30% by volume B-

terpineol, and about 10% by volume y-terpineol.

The results unexpectedly show that as the

concentration of the a-terpineol increases, performance of the turpentine liquid increases to the

point that when the turpentine liquid includes approximately 70% a-terpineol, full extraction of

the hydrocarbon material from the tar sand sample is achieved.

[00118]
sands with pure o-terpineol.

to inconsistencies in the hydrocarbon content of the samples.
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The second set of data is presented for extraction of hydrocarbon bearing tar
As shown, extraction of greater than 100% is achieved, likely due

However, the results generally




recover abl e hydrocarbon froma tar sand sanple. [001
19] Finally, the last data provided in Table 8

WO 009ssa728 es the effecti veness of m xed syst enBCD1S2008/010831
a-terpineol and known organi c solvents. As shown,
substantially conplete recovery of recoverable
hydr ocarbons is achieved with a conposition that
includes a 1:1 ratio of a- terpineol to ethanol. This

demonétx%te%ﬂ@ REGEEd ASuR R aette% isHapAblE %Mt%%tlﬁ? Qﬁﬁstﬁ}t%{?ly all of the

of the total recoverable rocar bons onal
recover s Y4 RUAbEN Bk 18k i fIBIC) [ e 3 LT o a 31 ratio

of a- i neol uene st|II resulted in the

recovery of 77% and 92@6of the t ot al recoverable

[00119125ydr 0 %]raﬁgnt%e lasq a{a\l\% (\)fﬁﬂ: fcgeﬂusrtr% €s &16 e-ﬁaectlveness of mixed

[001 he "resu factiron of
systems - B PR E RO AP R i°r<ﬂ§$rit§| Asbd¥er bsaﬁstawmmecomplete recovery

speci fication, and especially in the Exanpl es ab )
of recoygrable hydroraghang is aghieyad Wi ascealpﬁetletl rthatt meludes ﬁsl ratio of a-
~ first, second, third and the |ike should be
terpineqlip ethmnel efhisds ynexpseteq ais parn ethgnad|cahe rensovgd dibdat HB6 of the total
inply or restrict to any particul ar sequenci ng of
recoverable hpdiosarbonss t Aditiofallyl @ ed Agstame thah érchide, cithkiea 1:@rors 3:1 ratio of
about and approxi mately should be interpreted to
a-terpinedl tol eduehisystilatessisedwini thb ra¢oveiy b 715Md0H2%N6F the ablabdecoverable
val ue. Furthernore, recitation of the term about and
hydrocABéHsOXThiek & ah WekPedi®Be@at. to a range of val ues shoul d
be interpreted to include both the upper and | ower end
of the recited range. As used herein, the terns first,
Table 85€cond, third andthe |ike should be interpreted to
uniquely identify elenents and do not inply or
restrict to any partlcular sequenC|ng of el enents or

Chemicalt €ASFar [ UUlExiﬂactM' avt Ngr | I@éﬁ%mo'f AnlARt DFPBreaiio Téhp, | Exposure

comp. desdrdaped ifcAl Y SQBReRf| taf Ssand [ of  HC | HC °C Time,
wt., g to solvent | extracted, | extracted minutes

g

60/30/10 60 2.0 60.0 1:1 7.1 91 96 30

terpineol

40/30/20 60 7.8 60.0 1:1 4.7 60 96 30

terpineol

70/20/10 60 7.8 60.0 1:1 7.9 101 96 30

terpineol

100/0/0 60 7.8 60.0 1:1 10.0 128 96 30

terpineol

100/0/0 60 7.8 120.0 1:2 8.7 111 96 30

terpineol

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

terpineol

50% a-| 15 2.0 15.0 1:1 8.1 103 65 30

terpineol/
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enbodi nents, it should be apparent to those skilled in
the art that it is not so limted, but is susceptible

w0 009/a887281s changes wit hout departing from t hePGDURM0%610831
the invention. CLAIMS: 1. A nethod of extracting
hydr ocar bon-cont ai ni ng organic matter froma
hydrocar boncontai ning material, conprising the steps
of : prOV|d|ng a first I|qU|d conpr|S|ng a turpentine

Chemicdl! AU fir CO“"E;&%EthElg WIE SRR RGP O AR &1 TBEF2Bnt O BEhgdl | Exposure
comp. M th sgh d tHCQ@”é' NeohkAUid sueh | bhat @a |extract| @n Time,

m xtjuge gl s| for med gnd a resisslvah | eRtRleball eksaclear ed, minutes
t he eXtraCt| on m xtjure cgnpri si nq at | ea‘t a portion

of tlhe hydr ocarbon-{cont ai|ni ng orqanl c matiter and|the

50% ethbi dent i nel T qui d, [the residual faterial [conpris|ng at
| eaqt a portion of |non-sgluble material firomthe

80% hydr|asar bore.cont ai ils® neteeri al {hat are|wet solude |15
terpineol/n tlhe turjpentine lli qui d;| separating the|extract|on
20% ethafokt|ur e friom t he rasi dual| materi al; and geparatipg the

extrlaction mxturelinto g first portion and a serond

75% poa-t|i3on, the9first |[@610ti gnl:@8 thelédxtractfiodn m xfure |15
terpineofongri si ngl a hydr ogar bon |product [stream ¢onpri si hg at
25% tolleagt a pofrti on of |t he hydrocar bon-cont aijni ng orpganic

mattier, the secondi{portian of the extractlion m xture

50%  cormri0si ngl R? | east| 2&80poriti:@® of |BRe tur péitine |96 30

terpineol/j qui d. . 2. The nmgthod of claim/1l, whergin said

50%t°1‘E€l9Fpent| nel liquid ils sel ected fromthe gnoup
congi sti ng of naturial tur npntl nej synt hetfli c

0%t et i nel, 3-%i ner al| 26@r pen]t?ﬁe pPde oil | 6A- pinkMe, |30
terfmeolé pijnene, fa-terpinegol, b-{terpineol, g- terpi neol ,
50% xylepssdene r efsi ns, a-terpene, b-

[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.

[00121] 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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terpene, g-terpene, and m xtures thereof. 3. The
nmet hod of Claiml, wherein said turpentine liquid is
W@ edoeossses f rom t he group consi sting of gerani oPCT/US2008/010831
3-carene, dipentene (p-nentha-1, 8-diene), nopol,
pi nane, 2-pi nane hydroperoxide, terpin hydrate,
2- pi nanol , di hydronycenol, isoborneol,
p- ment han-8-ol ,a-terpinyl acetate, citronellol,

the like%élgtﬁfﬁtﬁ%tegpﬁé{edQS QinfRly Gy’ Qe ith %Al Q6 inbt Qg}fﬂgll(ﬁlrcstrict to any

ol, and m xtures thereof: 4. The nethod Claim

: ' ' ine liquid is selected fromthe
partlculérr sgﬁ%@r{)c%i@fie?&%nﬁegnﬁ%éxps?%ts

anet hol e, canphene; p-cynene,
ani sal deyde, 3, 7-dinethyl -1, 6-octadi ene, isobornyl
cet a{,8.:1.0Ci al | poci e | gocj ] l.co S .
001230, g OSSRl PACLTED el P UTERGLIFDAL some of i

.citral, . 7- et hoxydi hydro-citronel | al, .\ .. .
embodifighisa iR B R 4 100se KHEARENF At hifeiteinaRb o ted. but is

m xtures thereof. 5. The nethod of Caim1, wherein
susceptiblg 19 RyigroeERaeY it deRarting Beydhs copset e inentign g or

sem -solid, wherein said hydrocarbon-contai ni ng

material conprises a plurality of particles, the

particles having an average particle dianeter. 6. The

met hod of Caimb5, wherein the average particle

dianmeter is fromabout 0.74 mllinmeters to about 25

millimeters. 7. The nethod of Caim1, further

conprising the step of adding a second liquid to the

turpentine liquid, the second |liquid being selected

fromthe group consisting of |lower aliphatic al cohols,

| ower al kanes, | ower aromatics, aliphatic am nes,

aromati c amnes, and m xtures thereof. 8. The nethod

of Caim?7, wherein said second liquid is selected

fromthe group consisting
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of ethanol, propanol, isopropanol, butanol, pentane,
hept ane, hexane, benzene, tol uene, xylene,
w@pavissreene, tetraline, triethylamne, anili nBCT/ES108/010831
m xtures thereof. 9. The nethod of Claim8, wherein
the step of contacting the hydrocarbon-containi ng
material with said turpentine liquid further
conprising the step of adding water at a tenperature
CLAIM%ro_und a boiling point of water.10. The nethod of
aim1l further conprising the step of heating the
turpentine liquid to a tenperature to a point above
anbi ent tenperature to about 2000C before contacting
h 0 . e i, e i ]
L G AR I ol o R DRI PRNEP B, &' Mrocarbon
tontriniog mipderiat, onmirisingghestemsrafal and sai d turpentine
liquid are contacted at a pressure of from about 1.0x1
04 Pascals (0.1 atn) to about 5. Oxl 6 Pascals (50.0
atm . 3 . aj %?m t .conpri sing
supp|9‘%’§€“g??§§§§\9g°g‘g’P’%‘§% 0 tet}e}{ege%gdﬁd portion of
the extraction m xture to the contacting step. 13. The
method of Claiml1, further conprising the step of
pr ovi eintagting 4he hydrpcarben-eentaingesaptgrial with said turpentine liquid such
hydr o ar BANGGAEA HiRErE 1O FNnfed B & rARaP Hbrial is formed, the
turpentine Tiquid in situ in an underground Tormatlon
cont aextraogors aiigitulyy dorop@ilnt dast aiportivgy of genhydromtboarcontaining
, and nmeans for extracting said hydrocarbon-containin
or ganPEaRAAET ARG e duPgMIRR IR e Bk Gl COmpisin at least
The neHbARNAT fendolible mafeeiaP FomS tlethydystaffonlddataining material that
containing material is contacted by said turpentine
| i qui ereapet splybleriethe turpentige liqaidls t han about 3000C. 15.
The nethod of Caim1, wherein the
hydr ocar bon-contai ning material is contacted by

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. .

2. The method of claim 1, wherein said turpentine liquid is selected from the group
consisting of natural turpentine, synthetic turpentine, mineral turpentine, pine oil, a-
pinene, PB-pinene, o-terpineol, B-terpineol, y-terpineol, terpene resins, o-terpene, B-

terpene, y-terpene, and mixtures thereof.

3. The method of Claim 1, wherein said turpentine liquid is 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, p-menthan-8-ol,
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said turpentine liquid at a tenperature of |ess than

about 600C. 16. The nmethod of Claim1l wherein the
whyweossIedHon- contai ning material is in an undePr/os2vds/010831

formati on and the contacting of the

hydr ocar bon-contai ning material with said turpentine

liquid occurs in situ in the underground formation;

and further conprising the step ofrecovering the

[ X Rogdu - :
EALARR LR AR, WAt isrine Mol b lihicont,
mieethpk ahdlmaktureatleréasfl remains in situ in the

underground formation. 17. The nethod of claim 16

further conprising the step of reinjecting the recycle

I
o THEAPALLS e, I i JBGR SXAIAEGRA e sy
Wom‘rse'hgl df henethotbe rogmptierc:; fpec:)nmtneo anisgldeyribe r3g"bdm@thyl 1,6-octadiene,
b R el b PR R Bble e 88 ety

¢Qf®6k§&$an@t ch@phér, @Al 7&98&15deﬂQ}dﬂﬁeltﬂmEH§lpllDQanpﬂst',ulphomc
[east about 15% b- terplneol 20. The net hod of

e%. cwtiongHals mienthpne and mistmrasibereotqui d conpri ses
bet ween about 50% by vol une a-terpineol and at | east
about 20% by vol une b-terpineol. 21. The nethod of

5. ThéhiBhbdWtaC1gind 1t Hlerlelt REMhdYBcArbbi-b8taiaFrE SRS nititer is solid or
| east one of a- terpene, b- terpene or g-terpene. 22.

somei-Sobitlh ovhessin csaxd hydragaehogicantaleng (patentli Aemprigps; @ plurality of
wh th
PPl S nB s PSR AR pel PR Rler, PP east about

1.3:1. 23. The nmethod of claim1 wherein the

turpentine liquid conprises a-terpineol and b-
6. The method of Claim 5, wherein the average particle diameter is from about 0.74

millimeters to about 25 millimeters.

7. The method of Claim 1, further comprising the step of adding a second liquid to the
turpentine liquid, the second liquid being selected from the group consisting of lower
aliphatic alcohols, lower alkanes, lower aromatics, aliphatic amines, aromatic amines,

and mixtures thereof.

8. The method of Claim 7, 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.

9. The method of Claim 8, wherein the step of contacting the hydrocarbon-containing
material with said turpentine liquid further comprising the step of adding water at a

temperature around a boiling point of water.
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terpineol, wherein the ratio of a-terpineol to
b-terpineol is at |east about 2: 1. 24. The nethod of

W@ L@pssr28 or extracting hydrocarbon-cont ai ni ngPGF/{js2908/010831

10.

11.

12.

13.

14.

15.

16.

matter from a hydrocarbon-contai ning material, said
hydrocarbon material conprising tar sands, wherein the
contacting of the hydrocarbon-containing material with

said turpentine |iquid conprises the step of supplying
'yékggltgﬁ{ogﬁbg@g%ﬁp fQHhérrl%e ; g{n gﬁ% Igt'ng %If %featﬁ'% tﬁéttﬁlﬂgﬁﬁr%nhquxd to a
femiperatue tqnanioiim rabof/e alhbxeeb(temmtatlun ty ebsuil 2000¢C bafgre comdcting the
of ti.nme.oper 0. extract subst gnti.al portion of

Sl EHSREb AR Be b S b AG Ry e e From L he

hydr ocar bon- cont ai ni ng naterlal 25. The net hod of

claim1l for extracting hydrocarbon-containi ng organic
”ﬁm treethéd aofi é:lahmdrloc,\ahdfrein mchtlajrdndxmgmlmméiaihg satetial and said

hprIEE TG SoHCehal S PEsrB Rt T Reihd: Q" PaREals 0.1 atm) to

mmﬂtgoﬁnﬁan@@@@@unmﬂg organic matter to create a
plurality of particles, the particles defining an

average di anet er S|ze in the range of 4.8 mMmmto 25 mm

Ch L t(éfI af Hﬁ T c?ﬁgmﬁ@gar :%g})lgfnglcgt llcégﬁrtlg_aag%'lpgg otfq}?e second
ﬁdﬂlbﬁ@f th@@xi?é(éi’foﬁ@ﬁ&ﬁﬁ@t&tﬁ@&&itﬁﬁtﬁ? s@pgani ¢ matter from
a hydrocarbon-containing material, said hydrocarbon

mat eri al conprising coal, the nethod furt her
gr.i.ndi ng

conpr|3|n he steps
kf%né]é%tla?‘fﬂhr?é COMPHFIng ﬂ?f-’aft?lé of pepvidigg peeags for contacting
sPdeJ r}@HHchb@f’) cBatalnifd Sfganid haltey tah&lsﬁﬁl gﬁ%éﬂ’t‘in@ gllq'fif'd 1n situ in an

average di aneter size in the range of 0.8 mmto
wdesgrotnd Kfenmatipe qontaizing tsgidohydsegarbar-eentaigingo nmrm mgtter , and

Irllagnst 1df &‘?\P&o‘ﬂﬁ& slndq]lﬂt’dgdcarbon-contalmng organic matter from said underground

formation.

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

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

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

said turpentine liquid at a temperature of less than about 60°C.

The method of Claim 1 wherein the hydrocarbon-containing material is in an

.underground formation and the contacting of the hydrocarbon-containing material with

said turpentine liquid occurs in situ in the underground formation; and further comprising

the step of
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27. A conposition for the extraction of a
hydr ocar bon-cont ai ning organic matter, the conposition

w@ovposEesg at | east about 30% by vol une of a-PEr/pswes010831

17.

18.

19.

20.

21.

and at | east about 10% by vol une of b-terpineol. 28.
The conposition of claim27 wherein said conposition
conpri ses between about 50 and 70% by vol une
a-terpineol and between about 20 and 40% by vol unme of
b- t er RicHEMng? She TBArEAIRORikiuf) Bfoufphaidn ﬁrzd@étﬁﬂ well in fluid
conprising up to 20% by volunme g-terpineol. 30. The
c onposémingnicationc With nthe undergroundnfornationy wherein tReysshdual material
vol ung, .o 3h sld vt ¢ O, rg%‘lﬁﬁé??&‘r?na%{l?“ ed fromthe
group consisting of natdral turpentine, synthetic
turpentine, mneral turpentine, a-pinene, b-pinene,
a-terpene, b-terpene, and g-terpene. 31. The
conmposition of claim27 also conprising at | east one
conmpound sel ected fromthe group consisting of
gerani ol, 3-carene, dipentene (p-nentha-I1, 8-diene),

| - A « | o
e et O A TR e P RO b iR e recycle sream into
theemettam w@l fir further extpactiph ofibpdrataborcimatednkl! | ol |
p- ment han- 8-yl acetate, 7- hydroxydihydrocitronellal,
ment hol, and m xtures thereof. 32. The conposition of
C a r n . .
Dt b Qi T LALEA Bl o AP S RHRR RS undergoing primary
caophrg o€theprydyorerben meatdrsdh| deyde, 3, 7-di met hyl -1, 6-
oct adi ene, isobornyl acetate, ocinene, alloocinene,
al | ooci nene al cohol' s, 2-met hoxy-

-di t -. - 8 L | 0,
R i 3 GRASHAE MLPen GV soPRER i g abow 30% by
adluthe octerfinehehd atllcastrabtuh d5%, B-@ngnenl xt ur es t her eof .

33. The conposition of claim27 also conprising up to
about 10% by vol une a-terpene and up to about 10% by

)fg‘]—: ﬂlré?ho%' SEURGT wherein the turpentine liquid comprises between about 50% by

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

The method of claim 1 wherein the turpentine further comprises at least one of

a- terpene, P- terpene or y-terpene.

22.

23.

24.

The method of claim 1 wherein the turpentine liquid comprises a-terpineol and -

terpineol, wherein the ratio of a-terpineol to B-terpineol is at least about 1.3:1.

The method of claim 1 wherein the turpentine liquid comprises a-terpineol and -

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

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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34. The conposition of claim27 wherein the
conposition al so conpri ses between about 30 and 70% by

W@ 20001088728 t er pi neol and between about 25 and 5BC%/D§2008/010831

25.

vol ume b-terpineol. 35. The conposition of claim?27

wherein the conposition al so conprises between about

45 and 80% by vol une a-terpineol and between about 15

and 45% by vol ume b-terpineol. 36. The conposition of

cl ai Mg ahe! Bortdteing OBPORE t hPitoirh- ESHIBHn%e%latenal with said
bet ween about 40 and 70% by vol une a-terpi neol and

bet webupaitoatliq®dd sompreso tby sm gﬁgulmlmgrihﬁe@n s@ifls tTham interior

conmposj ti 0 he
conp {%’Ié ion g)g t%n Weeg( r{gl%@ou es g}g}n% en{mg ﬂquld to the interior

a- ter porien| ofaﬂfdz betraveien \wsmutfoBCh @eﬂoena% tinyxev@ewmae to extract a
b-t er pi_neol. hec tion of claim27 also

conpr syt Waloabaﬁt swlﬂ{w%l?wnaa@ézpe%manam&& from the
to abgyﬁroga{b&yc&gélﬁﬁ?&mg&ﬂpene 39. The conposition

of clalm 27 wherein the conposition also conprises

betvveen about 60 and 95% by vol une a-terpineol and up

to about 30Q% by vol ume b-terpineol. 40. The

dBepethed gk clﬁlmcl dprestraching ydrpcprhon opisiung iopgrnig gtter from a
ﬁ?dmédrﬁﬁﬁc@ﬁiﬁ’iﬁl%nm%ﬁﬂi Gl oS8 Yna¥eHa¥ Memprising oil shale, the
a-terpineol and up to about 30% by vol ume b- terpineol .

method fushdredmpfisiag theadtensod: hydr ocar bon- cont ai ni ng

organic matter from a hydrocarboncontai ning materi al,

the method conprising the steps of: providing a first

L qui drif QAP the ! WirébakidRORiIfg | driktid mite {UERER! bMBlurality of
I|qU|grl r?giﬁﬂha t er pi neol ; céFtécﬁPng t%% & 4l furality o
hydr opatlbl@sl.-th@mraclns defimpg an nedrage dismetar siz¢ urtpe rengnef 4.8 mm to
|IQUIg such ext m xture

oot doar i AR FE A Eebhaet bRy Tufie

- conprising at least a portion of the

26.

27.

28.

hydr ocar bon- cont ai ni ng
The method of claim 1 for extracting hydrocarbon-containing organic matter from a

hydrocarbon-containing material, 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 liquid.

A composition for the extraction of a hydrocarbon-containing organic matter, the
composition comprising at least about 30% by volume of a-terpineol and at least about

10% by volume of B-terpineol.

The composition of claim 27 wherein said composition comprises between about 50 and

70% by volume a-terpineol and between about 20 and 40% by volume of B-terpineol.
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organic matter and the turpentine |liquid, the residua
material conprising at |least a portion of non-sol uble

worea0e/0381e8 f r om t he hydr ocar bon- cont ai ni ng nat ePCHUS1008010831

29.

30.

31.

32.

33.

34.

35.

36.

are not soluble in the turpentine liquid; and
separating the extraction mxture fromthe residua
material. 42. The nethod of claim4 1 further
conprising the step of separating the extraction

Jﬂx%( Eéi'[méosu&tnooﬁlgq%ﬁ (fs%r %%par gt dulf)ctg 2@%?@%13&% yﬂerpineol.

streannonpr|3|ng at Ieast a portlon of the

hydr ocar bon-cont ai ni ng organic matter, the recycle

$he campovtiomiofii yma2’ Ialsasctonaarpmgt hprio X0% ey Yalwperfiatdeast one
{:(}3{%}%‘(')31?13 psé%‘gtey}fomnﬁ%e n%rgltx%ogorgsls%ngl na{ural tunlff)tent?neo n}mﬂg?tlcg[urpentme

recycli e recy rea
irfinger siytdipentie) a+pimame P pinend) vatefpeng Prtpmshe 2dnd ydrpedel
apparatus for recovering hydrocarbon-cont ai ni ng
organic matter fromsolid or sem solid hydrocarbon

nta I ning nma npri sin entlne ui.d

T8 5POPRST P ™27 PRt B B Pimpfig Hekhét rom the
beupicoaatingf gexinidC3-tirgnd) Yientat lfp-ntentint, &H‘iﬂn‘ég nopol, pinane, 2-
organic matter fromthe hydrocarbon containing
RiRaRs | hydsoresoxidn é"é?’Pné‘Y@réées e-pinagply é@ﬂfiré)&ﬂcﬁ@olv eigghgrmeol, p-
hR¥inag- 8ol | rétterk)irﬁlyﬁt argydei %Qrdn@ll&l' ui & LHMANR.GRL | RRtate,  7-
wth the turpentine liquid supply through the first
hydrexydihyzsodwonellel, nregthpbswd Imikeiresgherpef: abl e t o recei ve
t he hydrocarbon-containing materials in an interior
portion through a second inlet, the contacting vesse
PRE 'E!ng ﬁé}Pchltaﬂn a1 AL nﬁd%?hé“é&%&k‘i %@Qﬂn@%ﬁcﬁkaé&&i from the
materials and the turpenti Iquid 1n the rnterior
poupi oonsesting hef @oethelet icagphears gl-cyroenea prisdtizyde, nBTedimethyl-1,6-

8&2&‘1@}1@ qgobtolmrﬁ 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.

The composition of claim 27 also comprising up to about 10% by volume a-terpene and

up to about 10% by volume B-terpene.

The composition of claim 27 wherein the composition also comprises between about 30

and 70% by volume o-terpineol and between about 25 and 55% by volume B-terpineol.

The composition of claim 27 wherein the composition also comprises between about 45

and 80% by volume a-terpineol and between about 15 and 45% by volume B-terpineol.

The composition of claim 27 wherein the composition also comprises between about 40

and 70% by volume a-terpineol and between about 30 and 40% by volume B-terpineol.
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operable to forman extraction m xture and a residual
material, the extraction m xture conprising at |east a

wWEorowissT2of t he hydrocar bon-cont ai ni ng or gani cPEEUS2908/010831
and the turpentine liquid, the residual naterial
conprising at |east a portion of non-soluble materi al
fromthe hydrocarbon-containing nmaterial that are not
soluble in the turpentine liquid; the contacting

37. YRS §§Iln¥&‘?ﬁ(9f o5d15¢h 87 Whesdin fétdoRitpobiion ra%%ﬁ{ﬂﬂg& ﬁé?@leen about 50
extraction mxture fromthe contacting vessel and

st Y by yolume d-tarpinedend betvgen labout S8iagd 40%nkt ealume B terpineol.
fromthe contacting vessel, the contacting vessel
bei ng operable to all ow for mechani cal agitation; a
38. 1AL EbRfosidfor %@mg@d&%ﬁsﬁ@%pq%'aﬁgut' 3% k'&*bﬁi\me a-terpene and up
comuni cation with the contacting vessel rou
td ahout fhdryeiolumB-térpénti ng tank i s operable to
recei vethe extraction mxture fromthe contacting
vessel, wherein the line includes a filter to prevent
39. ? m Of cIi ﬂi Qﬂ%vh% it Bfe i ﬁ‘lgn LadeKso es betweTn about 60
Iec I on neans ftor co ecting't resi dual” materi
ﬁmcb%%ﬂne vebuonattapinkatand fupttd eba ﬁﬂ%d:tyl vijume §deripinedb.
The apparatus of Claim44 further conprising a
separ ation vessel for receiving the extraction
40. 051&({]160158&?1{ 3 I\Wﬁl@l‘%l?ﬁ%e(!é) %ki@ign %ps%rc%m FistLhetween about 60
sta y Separate t car bon-contai ni ng
amcg%fr% byvatunsr o-ferpimeslaad tuprto ebnut 36% byquilame ﬁﬁerpilﬁeel
apparatus of Claim44 further conprising a recycle
stream for receiving the turpentine liquid fromthe
I
1. R0 E EPAEr bRl ERKERPThE SAEPRLAR RokP o hydrocacbon
vagsiain gtmatemré, the ntegtoidi coghpvisBigahe $teps afeuse. 47. The
apparatus of claima44 further conprising a grinder,
said grinder being configured to

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

comprising o-terpineol;

contacting the hydrocarbon-containing material with said 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 hydrocarbon-containing material that

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

42. The method of claim 41 further comprising the step of separating the extraction mixture

into a hydrocarbon product stream and a recycle stream, the hydrocarbon product stream
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reduce the size of the hydrocarbon containing
materials for contact with the liquid turpentine in

wao b@ossTeact i ng vessel . 48. The apparatus of cPEI/I52048/010831

43.

44

wherei n said contacting vessel is a rotary inclined
filter further conprising a plurality of fins or trays
configured to control contact tine between the
turpentine liquid and the hydrocarbon cont ai ni ng

Jn .
A e L R R B
steeanheontaining @t leag a\mmtmﬂ ofaherpirpenéise fiquidnveyor. 50. The
apparatus of claim44 wherein said contacting vesse
further conprises means for ntxing the hydr ocar bon

|n| DRLen) r 51. The
appar a}f us o (':]? 5‘ lﬁé}f UE]{})EIS}H% th s nrﬁcg%é’g ﬂ(’)en(rf cycle Stream to
caha chid H}glrétﬁﬂﬁﬁl-caﬂmmpioﬁdummg tda&nﬁal rst contacting
vessel, wherein the second contacting vessel conprises
an inlet forreceiving a turpentine liquid and a coa
recover

- PR SialTRL B} rélverfhe) oot Bhusicihe DGR Tk rrdh soligor semi-

solid Bfdrécarbonesshsinige Alateki@Rséondpridigt i on of t he resi dual
material fromthe m xing vessel, wherein the second
contacting vessel is |ocated betmeen and coupl ed to

the first contactin essel and tank 5
The apaPeiitie 15id Mool Sormirs P boge e ity S ipiag gprpineol for
| ocat egirating h@ydrot&bordfconbinifi@ NbAGhicNdnaes s @tom Sthe Aydrocarbon
met hod for. recovering hydrocarbon-containing organic
mat t eFORtAIBIMgMeEAtids, the met hod conpri sing:
obt ai ni ng tar sands conprising recover abl e
hydr ocar bon-cont ai ni ng organic matter;
a contacting vessel, said contacting vessel having a first inlet and being in fluid

communication with the turpentine liquid supply through the first inlet, the
contacting vessel being operable to receive the hydrocarbon-containing materials
in an interior portion through a second inlet, the contacting vessel being operable
to maintain the hydrocarbon-containing materials and the turpentine liquid in the
intertor portion of the contacting vessel for a predetermined amount of time
operable to form an extraction mixture and a residual material, 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 hydrocarbon-containing material that are not
soluble in the turpentine liquid; the contacting vessel comprising a first outlet for
recovering the extraction mixture from the contacting vessel and a second outlet
for recovering the residual material from the contacting vessel, the contacting

vessel being operable to allow for mechanical agitation;

a holding tank, said holding tank being in fluid communication with the

contacting vessel through a line, wherein the holding tank is operable to receive
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providing a first liquid conprising a turpentine
liquid, the turpentine liquid containing terpineol;

weeplosgd7e’) t he tar sand sanple to a contacti ngPUBEESMD$/010831

45.

46.

47.

48.

49.

50.

51

said contacting vessel conprising at |east one inlet
for supplying the turpentine Iiquid; contacting the
tar sand sanple with the turpentine liquid in a
contacting vessel and agitating the tar sand sanple
Wi th e i Qi g .S . thon: . -
it R PR Bl B e ie kg e WherB b Tipe includes o
t he ekiterdoprayeninthg passaegeafisphidsiorthe holdingdark; angor t i on
of the hydrocarbon-contai ning organic natter and the
turpentine liquid, the residual material conprising at
| east j rial.fn
sandse ST} iiREor BANS bk Hct el thrid 10 o3cldld outet of the
sai d condctiogivessevessel conprising at | east one inlet
for supplying a turpentine liquid; separating the
extraction m xture fromthe residual materi al
i t i i . i . arho ..
SO ST aCIoK AETIRE ShEbE, & S Righ O EC oy dpgiving he
eXteaclipnl maigaurd) othe repataiién sessebbeiag mperablangp atbstatially aeparate the
gq&tio& of the hydrocarbon-containin .org$n'c mat t er
YORTA R -t AR pLeanispaticr foo fhgjuipe % portion
of the turpentine liquid recycle streamto the
contacting step; wherein said turpentine |iquid
Thapppaatisaeft €lgmndd| fusther keoinprigingedlrecyote seditfondeceiving the

for recqver] hydr ocar bon- cont ai ni ng .organi c matter
bPRSRIBE T KLUTOR T GPBE A BONESEnd FONgC SR RRFBDIS frpretur the
fiRpHOitle HQAATHoM M separation vessel to the contacting vessel for reuse.

The apparatus of claim 44 further comprising a grinder, said grinder being configured to
reduce the size of the hydrocarbon containing materials for contact with the liquid

turpentine in the contacting vessel.

The apparatus of claim 44 wherein said contacting vessel is a rotary inclined filter further
comprising a plurality of fins or trays configured to control contact time between the

turpentine liquid and the hydrocarbon containing materials.

The apparatus of claim 44 wherein said means for introducing hydrocarbon containing

materials to the contacting vessel comprises a conveyor.

The apparatus of claim 44 wherein said contacting vessel further comprises means for

mixing the hydrocarbon containing material and the turpentine liquid.

The apparatus of claim 44 further comprising a second contacting vessel coupled to the

first contacting vessel, wherein the second contacting vessel comprises an inlet for
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provi di ng the conm nuted hydrocarbon-cont ai ni ng oi
shale; providing a first liquid conprising a

wao eoopesresie |iquid; filtering the comm nuted PCT/US2008/010831

52. Sabfpdrial of SafkPha PL&n

53.

hydr ocar bon-contai ning oil shale; feeding the crushed
hydr ocar bon-containing oil shale to a contacting -~ .
vessel, the contacting vessel conprising at | east one
inlet for supplying the turpentine liquid to the

caRivadd h RgpMRERalquid it A6bdIREmpRENMAEHAN AYir&Gbutlet for recovery of at
hydr ocar bon-contai ning oil shale with turpentine

1538 R POSHRRNOY Higt SHFRCHRR migtroANdrixeeesl putlet dormeemeniag at least a
pBRioH U the 8 s$da maketial HolE fhe &ﬁ?lgteﬁéesgé,c Wn@Rid st ddb&nd contacting

conprising at least a portion o

gsseloe dached-bevracaiand noupledyanhefirshtdngactiap vegshleand the holding tank
turpentine liquid, the residual material conprising at

| east a portion of non-soluble naterial fromthe oi

l'i qui dseparating the ext ra%%l%éqgﬂt%@?%&# thgtpne jqiet of the contacting

vesstldual material; and separating the
hydr ocar bon-cont ai ni ng organic matter fromthe
turpentine liquid in the extraction m xture to produce

A méq{o‘acﬁfr bx@@o@(‘iﬂg Le}tgll'(]i)r/ : b%ﬂ%)g%%il?%gt%@?cg%r{aﬂgr lfrioglu itaC} sands, the

recycl e stream t ocar P ream

osthedicompgisiaig: | east a portion of the
hydr ocar bon-cont ai ni ng organic matter fromthe
conm nut ed hydrocarbon containing oil shale; and

recychidg; e a | rpentine |igui.d ,
r ecyc})iétgglt“?gteéérﬁ ?ﬁé{dts he&gﬂc}%{sg%t ?%8%5}?%1%% (.)C%l\mr[rle‘foi’i‘gadmng organic
for rewgerri ng hydrocarbon-contai ning organic matter

from hydr ocar boncont ai ni ng

providing a first liquid comprising a 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;

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;
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coal rich sub-surface formation, the nethod
conprising: obtaining coal , said coal conprising a

wo ewowss7abl e hydr ocar bon- cont ai ni ng organi ¢ maPCEUS2008/010831

54.

grinding the coal to produce crushed coal ; filtering
the crushed coal ; feeding the crushed coal to a
contacting vessel, said contacting vessel conprising
at | east one inlet for supplying a turpentine liquid
to th chln t.act i rush c
HARIE; e PR in T HEE' Al PR SRR (BB and @
i s f onnpadxtlaa diqaid a:sycdel ireamy ﬁbll@kirdcarbfoﬁrm‘adhct tstream comprising at
extraction mxture conprising at .|l east a.portiop of
Che hiFd gL BMHON O i B R HP B GATR At i Fatier g the tar sands;
turpepid ne liquid, the residual material conprising at
| east a portion of non-soluble material fromthe coa
that is not soluble in the turpentine I i quids;
separathg the resi dual frontthe extraction
mi xt uFeEYCligd ak deast &t Pﬁﬁ“’t‘hé bwa@smtm?n higaih ggoppifgstream to the
or gangéntifing &tepf rom the turpentine liquid to produce a
hydr ocar bon product stream and a turpentine liquid
recycle stream the hydrocarbon product stream
conpri sing at | east a partion of the
hydr o¥REtsEhRihuaReRting| 16‘#‘6 SAMprisRsterPinGod and Bterpinge!. .
and recycling at |least a portion of the turpentine
liquid recycle streamto the contacting step. 56. A

e hnlvicbd Gor i‘d&@ff@ﬁfgi ﬁgdrbezﬁ"BMﬁE(yntﬁlfnng organic matter from comminuted
hydr ocar bon- cont ai_ni ng organlc matter froma

Brdjacaboreoniining oyl shpls dthe snethady compsisingon- cont ai ni ng
sub-surface formation, the

providing the comminuted hydrocarbon-containing oil shale;
providing a first liquid comprising a turpentine liquid;
filtering the comminuted hydrocarbon-containing oil shale;

feeding the crushed hydrocarbon-containing oil shale 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 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
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subsurface formation conprising hydrocarbon-contai ni ng
material, the nmethod conprising: providing an

W0 pjoeosd7esr wel |, said injection being in flui dPCT/US2008/010831

55.

conmuni cation with the sub-surface formation
providing a first liquid, the first liquid conprising
a turpentine liquid conprising terpineol; injecting
the turpentine liquid through the injection well and

into Eéé&afugg%emcuam;ﬁm@ oAt YERGM iﬂ&?e{ial %ad and

t he hydrocarbon-containing organic matter frdmthe
hydrocarbon contai ni ng sub-surface formation form an
extraction m xture conprising at |least a portion of

t he eﬁqnaé?é*pg dhe hrdreearBomgRItyRme I BRES Matieh fiag bredusiicatine liquid

nat t eg1_ eﬁfraétﬁff\shl?tuféo k4 r}gQ GRE 5 NE/drStaRR tgﬂ)%u%t stream and a

l'i qui recovering the extraction mxture
f or maturpetink digughrechide proatucthie drydvashtbongprddup atredm rgmprising at
dr ocar bon

h t h
or acubes S aamidhaos Fir Rub AR o oG PRRR mater from e

comminuted hydrocarbon containing oil shale; and

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

contacting step.

A method for recovering hydrocarbon-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 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;
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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 least a portion of the turpentine liquid recycle stream to the

contacting step.

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

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 comprising

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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