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Rel ated Art[gp01] This application claims the benefit of the following provisional
applications, each of which is hereby incorporated by reference in its entirety:
[0002] United States Provisional Application Number 61/357,323, filed June 22,
2010; and United States Provisional Application Number 61/357,332, filed June 22, 2010.

BACKGROUND

Field of the invention:

[0003] The present invention relates to coal-to-liquid technology, and specifically
to a system and method for liquefying coal using solvents that hydrogenate under mild

conditions.

Description of the Related Art:

[0004] Coal-to-liquid technology refers to chemical processes that convert solid
coal into liquid fuels and chemicals. The hydrogen to carbon ratio (H/C, molar) of coal is
about 0.8 while that of liquid fuels is about 2.0. The main functions of the coal-to-liquid
processes are breakage of the coal’s molecular size and addition of hydrogen into coal, or in
other words, destructive hydrogenation of coal. These processes are generally termed as coal

liquefaction.

[0005] Coal liquefaction may occur by two different pathways: indirect
liquefaction and direct liquefaction. The indirect method converts coal to hydrogen and
carbon monoxide, and syngas by reacting coal with steam at high temperatures in an oxygen-
starved combustion process. Direct liquefaction includes reaction of coal with hydrogen in a
manner that coal becomes liquid. However, direct coal liquefaction has been historically
carried out with hydrogen gas, which requires high temperature and pressure. In an example,

direct coal liquefaction may involve temperatures in excess of 450 °C and 2000 psig pressure.

[0006] Tetralin has been used as a donor solvent. However, a large overpressure
of hydrogen and high temperature is needed to transfer the hydrogen from the gas phase to
naphthalene, which is produced when tetralin is dehydrogenated as it transfers hydrogen to

coal molecules. Thus, in situ re-hydrogenation during liquefaction can be rather costly.
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coal molecules, while also suppressing recombination; thus, resulting in smaller overall

molecular distribution and creating a liquid.

[0009] In an aspect, a method of obtaining a de-ashed coal extract includes exposing a
coal to a hydrogenated vegetable oil in the presence of a coal-derived solvent to form a
slurry, elevating the temperature of the slurry to facilitate liquefying the coal and liberating a
volatile matter, and separating the insoluble components from the slurry to obtain a de-ashed
coal extract, wherein the coal extract is suitable for downstream processing. Water liberated
as a result of the elevated temperature may be captured and stored. Volatile matter may be
condensed and recycled. The method may further include distilling the coal extract to obtain
a pitch. The coal-derived solvent may be selected from a group comprising recycled
liquefied coal, coal tar distillate, and coal tar pitch. The hydrogenated vegetable oil may have
a vapor pressure of less than 1500 psi at temperatures less than 400 degrees Celsius.
Separating may include at least one of centrifugation, filtration, decanting, and float
separation. The hydrogenated vegetable oil may be at least one of soybean oil, peanut oil,
canola oil, olive oil, other vegetable oil or combination of at least two of these oils. The
temperature may be elevated to between 300 degrees Celsius and 600 degrees Celsius. The
method may further include agitating the slurry to facilitate liquefying the coal. The coal
may be selected froni one or more of a sub-bituminous coal, lignite coal and an anthracite
coal. The method may further include heating the insoluble components to liberate a volatile
matter and an entrained solvent, blending the insoluble components with a calcareous

material and roasting the blend in a kiln at a temperature greater than 1000 degrees Celsius to
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[0016] In an aspect, an apparatus for coking includes a coated coking drum that
receives a pitch material, wherein the coking drum is coated with a coating comprising at
least one of a chromium, an aluminum, a nickel, or an alloy thereof, a heater that heats the
pitch material to a coking temperature, and a flash vessel that condenses a liberated volatile

matter, wherein a coke formed in the apparatus is readily removable.,

[0017] In another aspect, an apparatus for coking includes a coated coking drum that
receives a pitch material, wherein the coking drum is coated with a coating comprising at
least one of a chromium, an aluminum, a nickel, or an alloy thereof, a heater that heats the
pitch material to a coking temperature, a flash vessel that condenses liberated volatile matter,
and a coated Archimedes screw, wherein the Archimedes screw is coated with a coating

comprising at least one of a chromium, an aluminum, a nickel, or an alloy thereof, wherein
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receives a pitch material, wherein the coking drumis coated with a coating
conprising at |east one of a chromum an alum num a nickel, or an alloy
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disposed on a semi-truck trailer.

[0020] In another aspect, a modular coal liquefaction system may include a reactor
for exposing a coal to a hydrogenated vegetable oil in the presence of a coal-derived solvent
to form a slurry, a heater that elevates the temperature of the slurry in the reactor to facilitate
liquefying the coal and liberating a volatile matter, a centrifuge that separates the insoluble
components from the slurry to obtain a de-ashed coal extract, wherein the coal extract is
suitable for downstream processing, a distillation column that distills the de-ashed coal
extract to obtain a pitch, and a coker that cokes at least one of the de-ashed coal extract and
the pitch to obtain a coke, wherein the coker comprises a coated coking drum that receives
the de-ashed coal extract or the pitch, wherein the coking drum is coated with a coating
comprising at least one of a chromium, an aluminum, a nickel, or an alloy thereof, wherein

the reactor, heater, centrifuge, distillation column, and coker are adapted to be modular. The



for exposing a coal to a hydrogenated vegetable oil in the presence of a
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may be further refined to produce a pitch, which may be considered a final
pr oducthromighy ar alaminpel, p mekel,lve anpfenathettof.o produce |ighter hydrocar bon
synthetic crude for fuels and chenicals. The present invention may also
seek to r[@%ﬁﬁmsﬂl btthdr" PG WETHE 16RAHG, the S sl Anar SRl AN dRdaeuch as

crude petr
slurry of coal liquids and undissolved coal particles. The slurry may be further refined to

produce a pitch, which may be considered a final product or alternatively may be upgraded to
produce lighter hydrocarbon synthetic crude for fuels and chemicals. The present invention
may also seek to remove sulfur from sulfur-containing hydrocarbon liquids such as crude

petroleum.



WO 2011/ 163300PCT/ US2011/ 041350 [ 0024] These and ot her systens, nethods,

obj ects, features, and advantages of the present invention will be apparent
to those wbi2bieds3don the art fromthe foll owi ng detail edpdeaseepiosnso of the
preferred enbodi nent and the drawi ngs. Al docunents nentioned herein are
hereby incorporated in their entirety by reference. BRI EF DESCRI PTI ON OF

THE FI GURB& AOOZSPIJsJaeaﬂanﬁat ky@fendd) dndthedsf objecenl rRanded, aintl edvassgdsi @ﬁ ten of
certain enbodi nents thereof may be understood with reference to th

f ol | owPiFgerti igusion Widobe prpagentato; fhpees slitleddn dhe axf dfm ehe é@ll%vv@gscieé%ﬂeﬁor
carryi H&cﬁg&of‘of"&@ &MH&&?B@%@&@E %rﬁxﬁggsfggg@%@]@ #}&u@ﬁeq@q{@ g' ment

of the preSent 1nvention art rating
a net hee lefebyrinsoepanted it tieirandragby nefbreaed. ar wei ght of a pitch product, in
accordance with an enbodi nent of the present invention. [0028]Fig. 3

il lustrates a bl ock fl %%@E@&%T%Wﬁ%@{m@sprOCESSi ng system

[0025] The invention and the following detailed description of certain embodiments

thereof may be understood with reference to the following figures:

[0026] Fig. 1 illustrates an overview of a system for carrying out a coal liquefaction

process, in accordance with an embodiment of the present invention.

[0027] Fig. 2 illustrates a flowchart illustrating a method of increasing the average
molecular weight of a pitch product, in accordance with an embodiment of the present

invention.

[0028] Fig. 3 illustrates a block flow diagram of an example of a processing system
that may be used to produce synthetic pitch, in accordance with an embodiment of the present

invention,

[0029] Fig. 4 is a chart depicting an example of coal conversion using various

solvents in accordance with one embodiment.

[0030] Fig. 5 is a chart depicting an example of the benefits of hydrogenation of the

feedstock solvent on coal conversion, in accordance with one embodiment.
[0031] Fig. 6 depicts a process flow diagram for coal liquefaction.
[0032] Fig. 7 depicts an embodiment of the coal liquefaction system.
[0033] Fig 8 depicts an embodiment of a process flow of a distillation column.
[0034] Fig. 9 depicts an embodiment of a process flow of a coker.
[0035] Fig. 10 depicts a method of a coal liquefaction process.
[0036] Fig. 11 depicts a method of a coal liquefaction process.

[0037] Fig. 12 depicts a method of a coal liquefaction process.



that may be used to produce synthetic pitch, in accordance with an

enbodi nent of the present invention. [0029]Fig. 4 is a chart depicting an
exanpl e olvoeoaliésmaver si on usi ng various sol vents in aceordspe/owissh one
enbodi ment. [0030]Fig. 5 is a chart depicting an exanple of the benefits of
hydr ogenati on of the feedstock solvent on coal conversion, in accordance

wi th one [eod8]di nBry 13 HBHIEElarh@hoBoefiat liguetadHongrsdesd.| ow di agram for coal
| i quefaction. [0032] Fig. 7 depicts an enbodi nent of the coal |iquefaction

system ]F| an e of. a proces

di still at[BQ col ]rﬁﬁ. f %e?}ﬁ%% g&)ﬁ(gp? i’taé]?fn% offﬁl t{’%f’roéluﬁtr Sleslt | ow
of a cgligdfactiod035] Fig. 10 dep| cts a met hod of a coal |iquefaction process.
[ 0036] Fig. 11 depicts a nethod of a coal |iquefaction process.

[0040] Fig, 15 depicts a method of obtaining a quinolone insoluble-free and ash-free

mesophase pitch.

[0041] Fig. 16 depicts a method of obtaining a high quality coke from a low rank coal

extract.
[0042] Fig. 17 depicts a coated coker and coated plunger.
[0043] Fig. 18 depicts a mobile coal liquefaction unit.

[0044] Those of ordinary skill in the art will appreciate that the elements in the
figures are illustrated for simplicity and clarity and are not necessarily drawn to scale. For
example, the dimensions of some of the elements in the figures may be exaggerated, relative

to other elements, in order to improve an understanding of the present invention.
DETAILED DESCRIPTION

[0045] Detailed embodiments of the present invention are disclosed herein; however,
it is to be understood that the disclosed embodiments are merely exemplary of the invention,
which may be embodied in various forms. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting, but merely as a basis for the
claims and as a representative basis for teaching one skilled in the art to variously employ the
present invention in virtually any appropriately detailed structure. Further, the terms and
phrases used herein are not intended to be limiting, but rather to provide an understandable

description of the invention.

[0046] The terms “a” or “an,” as used herein, are defined as one or more than one.

99

The term “another,” as used herein, is defined as at least a second or more. The terms

“including” and/or “having”, as used herein, are defined as comprising (i.e., open transition).

[0047] The present invention relates to coal solvents and more specifically to a
method for inexpensively producing an effective partially or fully hydrogenated solvent to
digest coal, thereby producing a slurry of coal liquids and undissolved coal particles. In an

embodiment, the present invention may include three phases. The first phase may include

8



[0037] Fig. 12 depicts a nethod O a coal |iquefaction process. WO

2011/ 163300PCT/ US2011/ 041350 [0038] Fig. 13 depicts a nethod of a coal

| i quef actwonoprwsmes. [ 0039] Fig. 14 depicts a net hod of poltusbeniingisar cenent
by- product of coal |iquefaction. [0040]Fig, 15 depicts a method of
obt ai ni ng a qui nol one insol ubl e-free and ash-free nesophase pitch.

[ 0041] Rirthatid® oflepodt ishurdy drEtth@dn®f bobéaédinngreactbi 18 @bptHeh beCokigifiged®a | ow
rank coal  extract. %0042 ]Fig. 17 depicts a coated coker and coated pl unger.
obtain a centrate. The second phase may include distillation of the centrate produced in the
first phase. The distillation may result in formation of pitch that may be introduced to a coker
in the third phase. In this phase, the pitch may be coked to obtain coke with different

properties.

[0048] The present disclosure describes a process for coal liquefaction that involves
the mixing of ground coal, a coal tar distillate that has been purchased from a coke oven
operator or distributor or collected from prior runs of the process, and a hydrogen donor
solvent to form a slurry. Most coal liquefaction was done previously with bituminous coal,
but in contrast, the present disclosure describes the advantageous use of sub-bituminous and
lignite coals and other low rank coals not previously considered suitable for liquefaction. It
should be understood that the process described herein may be employed with any kind of
coal. Coal liquefaction has previously been carried out with hydrogen gas, requiring high
temperature and pressure, commonly at 450C and 2000 psig pressure. In the Exxon donor
process, hydrogenated naphthalene is used as a proton donor. Naphthalene hydrogenation,
and in situ re-hydrogenation, requires high temperatures and high pressures. The present
disclosure describes the unexpected liquefaction results obtained using hydrogenated
vegetable oil or partially hydrogenated vegetable oil in combination with a coal tar distillate
(CTD). Liquefaction can proceed without high temperature or applied pressure that is usually
required for liquefaction, however, any level of temperature and pressure may be employed
in the process. Also, it is relatively easy and inexpensive to hydrogenate vegetable oil. Coal
also liquefies without high temperature or pressure in pipeline crude oil, since pipeline crude
has excess hydrogen. Coal also liquefies in CTD mixed with ground up rubber tires as the H-
donor, lignin-containing sewage sludge, and other hydrogen donor solvents further described

herein.

[0049] The slurry is heated at ambient pressure in a reactor to drive off water. At this
stage in the process, the temperature may only be raised high enough to boil off water. Water
is flashed off when the pressure builds up in the reactor and can optionally be collected and
stored. Many cycles may be needed to remove substantially all of the water. Alternatively,
the coal may first be dried. After a few cycles of water evaporation, the reactor is brought up
to temperature for the thermal breakdown of the coal molecules. The fracturing of the large
coal molecules commonly occurs through the formation of radicals. As radicals form, the

hydrogen donor solvents donate a hydrogen to stabilize the radical, thus stabilizing the liquid

9



[0043] Fig. 18 depicts a nobile coal liquefaction unit. [0044] Those of
ordinary skill in the art will appreciate that the elenents in the figures
are illuswoavadicdmn sinplicity and clarity and are not merass@niokyssedrawn to
scal e. For exanple, the dinensions of some of the elenments in the figures
may be exaggerated, relative to other elenents, in order to inprove an

under st@fdi g @bmbhie speLgendatiriiéeNihcaddal IBEI | bR SRR Bﬁﬂ@hbx{eoﬁﬂs‘ﬁhﬁlet ail ed
enbodi nents_of the present .invention are scl osed herei n; however, S

to be ik dedydragsadonpieslyay mrsebe érm%mdriﬁrﬁﬁ@ﬂmow dngymally rﬁﬁn%ﬁaSPdof t he
t f fii.c

sty ot L A iy TRl B8 SUO0M B Hold (vaLS (B me JIBE RS HASy 5B b

i nter pnnpnedechby having onﬂg pabwllyri’@rdedgenaed solbasgs bedanse drtve atll dithesradivdl sisesa

represen bas t eachi .ng_one sk| ed in rlous
errBI oyarteh@ ¥yl |%Bﬁf‘? -Blayss- &”}etma?qsy Q teéﬁﬁ%’%? n@flyala ¢ i bagk

struct ype theFﬂIrot:&%ras O LR ARLHRPT aBRse UREthAABELID: BESr MRthd Alendad to

be limting, but rather to provide an understandabl e description of the
i nvent pmnpoqflm@ﬂef'rh@ rtceac}fd C3D. dvloteadissolugl ws@dmhkcelies replree dehe ngdthas one

th t " f t
Ceast GitBRomASHendp dhe hiTkerd ERHERES moRC et ol e Hiud Ve Coa 48y
her ei nCT® §s defignefsads CRER, san@gvélhm@s JiHRRRE ti@hsidut AR -prbQR¢ ThaAh e
present invention relates to coal solvents and nore specifically to a

met hodrdceverethapeosslodpsystptive mwteriplan ef fective partially or fully
hydr ogenat ed sol vent to digest coal, thereby producing a slurry of coal

l'iquids gpgs0indi $80+&8HaRRBAI RX@hEt i€ k@rﬁrifdg@d,ad} otherwise subjected to a separation
process, to de-ash it. The solid ash, or tails, can be recovered from the centrifuge and
processed to eventually obtain a cement, which will be further described below. The centrate
is collected and can immediately be subjected to petroleum-type refining processes to obtain
fuels. Alternatively, it can be distilled. Partial distillation results in a heavy crude-like
substance, which can be further refined using petroleum-type refining processes. Further
distillation results in pitch similar to coal tar binder pitch, but without the quinoline insoluble
matter. Annealing at this distillation step alters the properties of the resultant pitch. Pitch can
be further processed in a coker, such as a delayed coker. Optionally, the pitch can be air

blown to obtain coke with different properties.

[0051] In some embodiments, the coker may be coated with chrome, nickel,
aluminum or alloys thereof to facilitate removal of the coke. The plunger or worm gear of
the coker may also be similarly coated to facilitate coke removal. The coated coker is smaller
than other commercially available cokers, thus, CTL processes / plants with coke as the end
product may be miniaturized or mobilized. Carbon materials such as coke stick to steel. It is
difficult to separate coke from steel; however, coke does not stick to chrome or chrome alloys
therefore coating steel with chrome or chrome alloys permits separation of coke from the

surface.

[0052] Fig. 1 illustrates a system 100 for carrying out a coal liquefaction process.
The system 100 may include a coal liquefaction reactor 102 (hereinafter referred to as reactor
102). The reactor 102 may be a closed reactor. In an embodiment, the reactor 102 may be

run in a continuous mode, i.e., reactants may be continuously fed into the reactor 102 and

10



enbodi nent, the present invention may include three phases. The first phase
may include WD 2011/163300PCT/ US2011/041350 formation of a coal slurry and
that nay we oriemsmd in a reactor and nmay then be centri Pogad2doeissai n a
centrate. The second phase may include distillation of the centrate
produced in the first phase. The distillation may result in formation of
pitch #h ﬁtenf@gé Hea icBhtiRRUS eledn® ol peddivers. | FurthRe th@lkédtcRNBSEmay Be il $n Rhase,
the pitch nay be coked to obtain coke with di f f er ent properties. [0048] The
pr esenbateh §9dsor sauEas ouh @ssedugiice b <lifferspt eppiptiqns fueh 46 tSPUds d18aIUioN ol ves
the m I di I t ermnHP sed
e e SO e i s T R A o

t he pr codigsredawih all&ajadmlgﬁm ttonoitigatihy eddr. tEorf mal’mﬂe sthel reagtor MOt map dk

i quefactjo one previously with bitu but in contrast, the
presenP“WF@gW%@U¥g' E@LP%@Eﬁgﬁﬁ H) eolgmos §” g@t ?Oéﬁb bi t umi nous and
lignite coals and other | ow rank coals not previously considered suitable
for |i que{()@ssqi onFuttiersthe udadtdpa 0 m@r@h@l@dmkh@tvahbes fHheaats Sudescdoabegy, her ei n
may be e ed with_any kind of coal. Coal quef action, has reV|oust
been c%prr'}hba/% god gp Wﬁmwil Hyerfogne shyrgyin Whlﬁlg rwptjvﬁ tissppeion ertge gopd 104
pressu I u d

Pt ocoso i e Y o8l oAl PR RERELE BESST Ehmet ol B8 OMRBL I . e
hydrogembm&mmntamﬂcmﬂesnhm1n@yhgdeag&mdhrampknnqwusqmmmughubempenmhu&es and
hi gh pg%$ res. resent disclosure descrlbgﬁzthe uneprcte

i quef SROFTIHERWs Pi‘ CBHEEIhEECAIS P Bl 0o GBH St v BeP HBICEn S PY IS IRt i al 1y
hydr oggnay edadeqritaRhs tl?é Insa>1ab1%%131 RBELAY il b hight FI0RL (AREiInGh& dfd-@h&s(CTD) .
Li quefaction can proceed w thout high tenperature or applied pressure that

i s usuednigte) equiaimsag ther sdliljeebalcpriodugts.hheveeniratanypay de ebfindd u:an:g)eymcedur e and

e ponar e ETHGIF batmart Oty a Aareren fdt Alibebfydifufl iy easYe?aR?gh

t enper @ikl &l 1ryiflt @SsitehehattaR bbbk &fEtoCHibidehi Cr%I Valus tOlELpBHRes.| TBe plttiRa g
excess hydrogen. Coal also |iquefies in m xed with ground up rub

tires #80 boechincdvriog typicadnetinlesnrefiningprosessayie elddgasroaiationfusds: hydr ogen
donor solvents further described herein. [0049] The slurry is heated at
anbi ent poESFUT €1d An FerfRRRHOHE, ttl% dbhlve0pfha &W%%ez!i 1okt rdnRi Soadtage dsngfthe
process, the tenperature may only be raise h enough to boil off water.
Vat er bisimringesh eerlof Fulxbhfénthehl@wma@kmab pmﬁulctssmaqo benrigthén hgdiogen, maese an
opt i ongl C nd _store needed t
St s R0 R E5EitaA i B Bk AR AR Pt R RREGSRob U Y o
After ahd @Wsemclhlesmafn WAy ehalé ag@eatibe s Hifle Jquelst ekel Sofr WY I’etlmua)atl@
tenperature for the thermal breakdown of the coal nolecules. The fracturing
of t hehdsvge ibwil basyideniites persamskillpd i therast thalr e gpaltlNg M brbifuspinges,
radi ca | s form the hydrogen donor sol vents donate a hydrogen
to staL???ﬁ%P{ gmggdlcal thus stabilizing the liquid WO
2011/163300PCT/U82011/041350 form As aromatic sites get saturated, the
coal |i quif®becokresn ermbasdimaet, tsraoakl (4may be cruphed o 2Aaesh dRQYyavcrany oF
ol verl TR Bfrd BNALYES: 1 SLAN Ledldn lodher FBkhy aeners! ol padhen S
it may also Involved I'n ond cl'eavage. us, e cess nmay actually be
i nmpr ovadalbyd frain dgeteribym pafﬁﬁdlya,ld wah;ad mgmgt;eﬂclﬁ@éd/ﬁmlsa areawse opaawral | of
t he radi S|tesé§r? fill ed % not be re-cleaved. The process

&

| i ber af% StI?BWQf i qrethe lilgni Afferaaty %ET&&&QS Iw&et%éleﬁﬁ%ér@gspra%r @yefpgo
startigg glﬁ O%ﬁ(ﬁl procassi eln gge‘éﬁ@ﬁpgﬁﬁ A er &iglrnehﬂq tﬁ%dﬁ%@ 193ha

conposi ti the recy D. More disso coal nol ecul es ré%?ace sone
of t hehwhrogpnndinonsblrent! (éi; dswort Mven@l vbnetmbediorets, therld donpatdlvedtenay bh t he

di ssol vin I he CT ng reused. Indeed, any volatiles |iberated
througﬂkﬁ%myﬁ rﬁ&@€é§§a@ﬁ °%§3W§ 6&8?ed and recycled as starting materia
[0056] In an embodiment, the additive 110 may be a partially or fully hydrogenated
vegetable oil (hereinafter alternatively referred to as HVO). The HVO may include, but is

not limited to, corn, canola, sunflower, safflower, and olive. Since vegetable oils may be

easily hydrogenated, they may be preferred as the H donor solvent for use in the system 100.
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[ 0050] The resultant coal extract is centrifuged, or otherw se subjected to
a separation process, to de-ash it. The solid ash, or tails, can be
recover edwbnomvisbamocent ri f uge and processed to event ual lpgTalst@inssseenent ,
which will be further described below The centrate is collected and can

i mredi atel y be subjected to petroleumtype refining processes to obtain

fuel s. IAlaheembsdinehty , the t papadllyb&yiogthdit degdlalt i ¢il Bastindlhidd i0ad pEsWts in
a heav rude-1like s ﬁft nce,. which can be further refined usin
petrol rficrpswe dreseetd lgr%@sw@ ong paftyRe N yidrogeapted vegetabletadl, o apyt ch

simil aBth%P ré%f?)ai!hefe@f‘ b!{ﬂéﬁ%’fa&ﬁ! b ma ?ur}e W 5 cling aqfé'ﬁéloébfr %[gtd @e?xoééf&%n?

matter. Anneal i ng at I st ion'ste ters t ertie
r esul t hydro part lozhwei@ht ohing krwdp @réssmrbhkeweptammam@ and shotakesidersedimathaa

del aye oker . al | the ch e air blown to obtarn coke with
Gt o BrogEia phEMeT ol eatProlhi habBalRentkor TR RerORyob e Bt e

with chy &ngnarydc&ea{ preaéwmorqégs%a@bb@m tah%rte%eﬁaanm@gsltllmb@ore <le of

t he coke he plunger or worm gear the coker may also be simlar

coat ed1QStdenea:i1mretQ£tlé) wokéesr @niossal Hefrchae thie ptadscekeired bssspaicbemgt ¢m:rg30t her
comer ci al | ab .coker s rocesses / an coke as
the end™ ?o%“‘t‘} 211%{ ‘Fﬁ‘Pu‘iﬁﬁE argfr%sg i%aene@'r %S%terwr?"%ch as
coke Shy(ﬁ“Kgélﬁteﬁt e@btabiet oill$ al kdowaFdr their s)%@rraécen@l%eantirrggh YoRielg phiayever,
coke does not stick to chrone or chrome al (gxs t herefore coatrng steeI with

chr omemskingrpesprsuitablates uprinpreeesses padigsaloncest. coke from the surface.
[0052]Fig. 1 illustrates a system 100 for carrying out a coal |iquefaction

process. [4687]SYSHESMBABMERY, d M Qli‘dl'l@ﬁoﬂlo}@@éenhﬂ.eg yetfvaerd i IQJ%' H’e%@@ %r 10 &oal

(herernafter referred to as reactor The reactor be a cl osed
r eact ohquqfaptlan Peodsedi Hmwhydlegeeareé aclvents m indydh dut ane nohhmlt@dm |mrdnms nmode,

. be co usI fed into the r
2011 18330 GRCHMIE Y1 eh TS iR Sl e bofel i e Saftr HMBauct s.
Fur t hehsonfakie of BRakdE aldhémiay b@lﬂl e inflan@ird) @hieRerRidRuk Ofewn@t k)dPE 1Hpdin, @
sequence of different operatrons such as solids dissolution, product

mi xi nganhBiecHasty with ligat, seanuhath soibedn; ok candla gk, einscdl erevther r%étab@arub or 102
B R M e G
absor bingllitber pdaially hydrogenated decant 011 or recycle oil, Fisher-Tropsch liquid, methyl
naphthalene, decahydronaphthalene, tetrahydronaphthalene, methyl naphthalene, creosote oil,
coal tar pitch, asphalt pitch, gasification tar, recycled motor oil, petroleum distillates, rubber,
plastics, recycled plastics (e.g. polystyrenes), recycled rubber, biomass derivatives, liquefied
coal, liquefied biomass, shale oil, liquefied process gas, cacenaphthenes, di, tetra- and
octahydroanthracenes, tetrahydroacenaphthenes and other derivatives of partially
hydrogenated aromatic compounds, petroleum distillates, petroleum catalytic cracker
products, distillates of gasification tars, products from the pyrolysis of recycled
hydrocarbons, and aromatic oil products obtained from the distillation of shale oil or tar

sands.

[0058] As mentioned herein, rubber tires may be used as an H donor solvent. The
rubber tires may include about 40% carbon black by weight. When coal is dissolved using
these rubber tires, this carbon black may become quinoline insoluble and, therefore, the pitch

obtained may be tuned to commercially used pitches from coke ovens.

[0059] In an embodiment, lignin may be used as an H donor solvent. Lignin is an

undigested, propylbenzene polymer found in mammal waste. Hydrogen lost due to splitting
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[ 0053] Further, the reactor 102 may enable m xi ng various reactants such as
coal 104, a CTD 108, and an additive 110 to forma slurry in which reactive
di ssol ut iwo 20fu/tébmocoal 104 occurs to yield a coal extractrwstdton3so

| i quefaction, the coal extract may be de-ashed. In an enbodi nent, the coal
extract may be de-ashed by enploying a separation process, such as

centri bogetpodyinerd hepbe seghaah hodrogaesante. Nt af bxdniglt] When Batteridhorsinke, to
separate the extract into a heavy phase containing the insol uble coal
pr oduc PEYEEA FORIARIAE CopRawds( ﬁi@pe'ieﬁm E¢Wager Bdgeq thessluden isaked) with digaimi ng

the Solthl rffdlseREOAUEI S e senly g'lte%ogpﬁ'qpul%f‘acﬁ&{ bidegkusi ng typi cal

petrol eum’refi to yle transportati els. Alternatively,

the centrate may be distilled to yield a pitch that can be coked to yield
hi gh val UB0@Yke P o gebedimené pblead afeliydmaspatpd an@fﬁonéwdwen@ed yplverts

petrol %‘é%és%{t il H%n?fo%%ﬁ?f%?f ﬁbo‘% Xt {%1% bl sl lltl(ﬁie'facﬁoﬁ “o%cé 2 claglogz'l]ecﬁie

enbodi ran coal “suc um nous

coal . bteakhéswn tidie shaller @l&spp@homt‘ranit&ﬁ‘tlﬁamke beack| drmelsmaﬂuﬂpﬁg@nof fheSsess
hi gher oil to ?s phal tene ratios, and may be nore aliphatic than the

bi t umi ARAEnlerle may el dydregenatideandnnay ﬁﬁpéntp.hﬁﬁmﬁwowawe A ristingly.ofe of
hi gh QH@(H; ﬁr@&#ﬁloﬁ OB oy %}e@@ﬁscﬂQ@dﬁh@ﬁ%@fﬁ%‘iona‘gﬁ féﬁﬁ b BE sENefient to a

per son e art “that the coa tumnous, lignite, and
the Iike. 055]In an enbodi ment, the coal 104 may be crushed to -20 nesh
(800 ni cr 8 or Insprabodimenfss the sodl diabpiarting RrReess Bl PIowehit &l ogite pressure

react a 1s E 2 ci}mteﬁ %&)11 ilg§ef*fga%nbee OQ@@%ﬁgqn a%oﬂl%dﬂﬁél{t%é%ﬂ%{eg l}]tt ner y

a coal ase rom a bke n opera
the I|i kﬁ/enbkhi, ﬁteﬂHI\flO/ﬁllay enhbie tl(éT Eal Oustagtioheproaks Eﬁb@dmf At AOW P feMipetyigk es of

t he I|q action roce S|n the system 100. In odi ment, the

addi ti ?ffé(? IL%’(F%H?SS e withy O%Féj‘nof 11 & GCTERPO G}Iq %ig’rquggP%hPSOCWSnmay
enbodi PRI Shydrbgenktide H{%ug?lot!hg toﬂ?ﬁén;i‘@r %{h?ﬁ flﬂé{’%oﬁdﬁ gﬁ?(ﬂﬁg cBRpaeRr Ot ON
transfer agent. [ 0056]1n an e odi ment , |t|ve e a partlally

or ful imth hlymcramgetms el cme«gehamll pratérd tr@rts&ragmatsﬁ t Bor abm@ten titei <xoe1 lyqueéﬁfoaon ed to
as HVO . The HVO nar i,ncl ude, but no

ot s Y stiare 165 Sifimen tond Sl b gatatbr BviPee’ Hhy geRRRL P as

hyd { og@é}gﬁa@@l@l i DENSFFRY 198rageR e hiRehaAshet NConseERAYY, ib ﬁiay%@tea&@f toUfolv8 the
system
Y hydrogen from HVO and therefore, it may serve as a better transfer agent than tetralin, for

example.

[0062] In an example, hydrogenation of naphthalene may require high temperature
(more than 300 °C) and high pressure (1000 psi or more). Further, the hydrogenation of
naphthalene may require a long residence time (more than 10 minutes). However, soybean
oil may be hydrogenated at a pressure of less than 200 psi, at a temperature less than 200 °C,
and a residence time of 10 minutes or less. Hence, this process may require less processing
energy as generation of high temperature and pressure may be energy-intensive. Further,
hydrogenated vegetable oils have high boiling points, thereby making them suitable for use in
processes to dissolve coal. In an embodiment, the hydrogenation of solvents for the
liquefaction process may be achieved and/or enhanced at low temperature and pressure by
introducing hydrotreating catalysts such as cobalt-molybdenum catalyst, nickel-molybdenum

catalyst, and the like.

[0063] The mass ratio of coal to total solvents may be about 1:2.5, 1:2, or the like. In
an embodiment, the mass ratio may be greater. The slurry as mentioned herein may be

heated at an ambient pressure in the reactor 102 to drive off water. At this stage in the
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WO 2011/ 163300PCT/ US2011/ 041350 I n an enbodi ment, the partially

hydr ogenat ed vegetable oil may include one part of hydrogenated vegetable
oi | m xedweizohywsmopart of non-hydrogenat ed veget abl e opcT/usR01@nY1388 her
ratio thereof. Vegetable oils may be hydrogenated to a | evel of up to ten
percent hydrogen by weight using | ower pressure, |ower tenperature and
shor t eproces| fhenepérafiee hiagoniy 8¢ egesasiaph efowph 10HAAr0fS MlakenhanyseiehesaT
napht hal ene. For exanpl e, soybean ail can be hydrogenated at a pressure of
| ess t HenPwOesspElay be raquiedpEratuppleichs depuRe 2o Tatehnd B pasHifspiivet i ne
of 10 g BYkifRnL hd ?&%:mtﬂ%‘ be HALS ﬁpgt.O(:ég%e? d RUHMLYFR Aﬁ&expé\%@‘é?a%ibﬂgth%”er 9y,
since generation o i gh tenperature and pressure 1's energy-rntensive.

Mor eoveractohy 02 ogerbetbechght gp t@b ke ghrtareafioe liudaaetioho FTht tisdrmabuptat lof ecddnomnmy

and hi gh bojling point, ki ng them suitable for, use jn processes t
di ssol R1eaBles meobuvilih ¢ FribERiCiton &F vastpblg g FicaR nlirbgaeat B Soligent s
My beplilubitfiet AR BAY hbRHPLABLRANIPARGLHShe U6 IYAERGBAFEMsSOYENt S

may include, but are no imted to, pipeline crude oil, rubber tires,
ani mal fremsadecalsamy nteintigned hdreinhmap otash wiithl hydfogad dionged bp itlt Hnddnor selventonat i ¢

T gnt oSy D1 RS Sl PR St P RS e p iAo SrTboTL B HE I P oS R T
ol i ve BébafabledifBbendRARE BBAEsRslon. dERB! the prd@@gstlh%} byilﬁ?ido&g@ﬁ%gr &g?: tar
I p I y

distillate, or partially hydrogenated petroleumdistillate or

hydr ogb#tieky lbeeegenateil | sdventecyel eongi bart Fpfs g 1molepdesh i i wplutidn meayhpe

napht h n n ne, tetrahydronapht hal ene, nethyl

napht ha eﬂ%?m%§§@§%9%88&@g€ggg&*tar pitch, asphalt pitch, gasification tar,
recycled notor oil, petroleumdistillates, rubber, plastics, recycled

pl astics [0@64. polhseipramasy allrtbe yadieal sitabbesr {illgsl, sheysmag enot batreackmyed.

i quefied coal, liguefied.bi.omass,, shal.e oi,l, |i.quefied process

cacenadi REnes may Ml YomuR TRr R SR ore G e 8688 5 4%

t et r ahyditdaaRnaRalt NaneSerabuli@bie thefhiay del heseRfth@ahiy adduy iyl eenad ed
aromati c conpounds, petroleumdistillates, petrol eum catal ytic cracker

pr oduceenpesitian of dreascysiedyadDs | Aatners dissplyed spalomelesules seplacsesopieroff fisi s of

| ed_hyd i ¢ Ol dug ' .
o7 1 PpCESRRLRE B (BNUALATEY Bafoke OB 2oRBEAE AT BRI UM ving o
tires omy. beawus@bodisment) ahly dofatite Simdratedthrodgheut thelpescess mag beaycavarldugdeé about

40@6carboq glack by weight. Wjen coal is dissolved usin thﬁse r ubber
tires, TOHFIed axfiSotAHnG RAIFRA) BEDRe TRPIEM FensfHgsrrip Felagtdhe thEPemdre, the
pi t ch ol Al S0, ARYsiREIYRE A chBer SRITRE BNl ﬁ{id‘fﬁcﬁga&%‘ﬁbﬁs from coke ovens..

[ 0059] I n an enbodi nent, li1'gnin may be used as an onor solvent. Ligninis

an undi gest ed, propyl benzene polyner found in_mamal waste.  Hydrogen | ost
due to sgPPexli ngln W@b@ﬂ@@tammyhmmmhmx@weéﬁs theeaddifixablO ivalicpe

used a - ca. . . . - n
cont ay oy AR hBOS S Rop bl PREFRHEo ARETUERRY L. & £RITHTES RRIBEL, 1
| i gni na pidious frahsfet agemy, mdviagems| andgeiments, eehytsegbniation hgent mady be gddefigot i on
proces

ﬁie coal liquefaction mixture for enhancing the dissolution of coal in the pipeline crude oil.
The hydrogenation agent may facilitate addition of hydrogen molecules to the pipeline crude
oil, thereby enabling molecules of the pipeline crude oil to become less polar. The addition
of hydrogen molecules may increase solubility of the pipeline crude oil molecules in the coal

liquefaction mixture.

[0066] After separation of the extract into insoluble material and centrate, the centrate
may be added directly into a pipeline of a refinery. In an exemplary embodiment, if
properties of the centrate and the pipeline crude oil match or nearly match, the centrate may

be added directly back into the pipeline.
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[ 0060] I n an enbodi nent, a bl end of hydrogenated and non-hydr ogenat ed
solvents may result in an inproved yield. For exanple, during coal

| i quef actwonpiigresmoa coal nol ecul e breaks down into snalpceruspii@eesso pr ot on
transfer may take place. The snaller pieces of the coal nolecule nay get
hydr ogenated and may tend to becone non-pol ar. Accordingly, the non-pol ar
coal nol oedAs nByarge@hbelissal, ved 10a nidyendldissplive iihatedl fiqiefdtibn igtusgl vent .
[ 0061] I n_ embodi ments, the coal |iquefaction process may proceed at a | ower

pressup fheehyimalissirainipeling quideeei] fosp agwaticr i guar ereninln wmg. coaliomapdeg. | n
an enmbadi Menk At ahg'?ha?rgcﬁ%sgme ih%’xea'ﬁ?lh&fb st WQu?@%o%’%Q{i%?&- G931

| i qguefacti on process run at Tower tenperature an presgh%e wth
| ess hpadedgen .thd mranscétyaof ohe tphelinoadrudé aulefthe thighly paromets cmal seclakdse

hydr ogenatj on t hrough th oton_transfer agent .at m |.der condi t.i ons, when
c)c/)rrpa?g’(ﬂmwnf’lﬁs o0l TEEh B SISWE R B 08RG ?lowlame-t rasre pliplgliRcoals For

exanpl @uchta'?é@iﬁﬁf?@lna&id‘fk’é@lf\/é%ilqﬂ AP LRGBS sOR¥nf €quire | ess extreme conditions
to transfer Rydrogen to vegetable oils as conpared to transfer of hydrogen

t o napht hal ene. Consequently, it may be easier to renpve hydrogen from HVO
and t her dP®$8l o &39319@@@0&@%@ zft/ ther rinelipg regydeaglints heryHYt @0RBtiEN2 f or

exanpl e,k n ; r 1 ht 4 e ujir.e hi gh
Fempor Brai e mare B e B e e DR R TRt
Fur t hepipelitecrhyel oid geryal avo withflessapsisthiadean eherpipelireefi the rafinegn glr esiedange ti ne

(rore than 10 m nutes). However, soybean oil . .may be hydrogenated at a

br essuttdnp o disohrETR Bismpaie i8S iGpees Bty BE XM BoBoRCe s
resi depigshatit W8 sfalldOaid BYARS nledufSS  InHRRES sdehinfo, RROGRISIVER Y oAICHHY MR | €SS
proceSS|nﬁ energy as generation of high tenperature and pressure nay be

ener gy dishitleshgid, gctumgd tiher soungedoOenpipeliheveyde aill as sibsttuteaplestivizgs. bditiei ng
poi nts,. f.her eby naki them.sui tabl e f.or.use in processes tqo.di,ssqlve coal.
o an tishilE meke s BopRRRRG A RBS P Eni Lo P SR STRTS g JafEs Hhif

pr ocessmpedimest, aGhi 8V atbra feéddiock NodRGERAmAY Beomeh@éao@d%@tw oA 1RIngSTHher e by
i ntroduci ng hydrotreating catal ysts such as cobal t-nol ybdenum cat al yst,

ni ckel Pipppjisgehilimceritaie.yst, and the |ike. [0063] The mass ratio of coal to
total solvents may be about 1:2.5, 1:2, or the like. In an enbodi nent, the

nmass ratifpoény beptogakehihe I8 Ixjuefacho iR hRResk hgtRédudBy Jieasbgad.ed at
an anbient pressure in the reactor 102 to drive off water. At this stage in

t he WHheoltrsqagrlkeopuria ey enalgg thegoal 104 to dissolve in the H donor solvent. As
mentioned herein, the CTD 108 may be purchased or derived from prior cycles of the

liquefaction process. In an example, the CTD 108 may be formed by blending distillates

from each step of the liquefaction process.

[0070] In an embodiment, the more recycled the CTD 108, the better it functions, as
continuous recycling helps components of the CTD 108 reach a steady state. In an
embodiment, the composition of the liquefaction mixture may be optimized. The original
source of a CTD is coal tar that may be obtained from a coke oven. Coals that are coked are
generally bituminous coals. Therefore, the molecules in the CTD are typically from aromatic
bituminous coal. In a first example, when this CTD and the bituminous coals are added,
molecules may get exchanged between the CTD and the bituminous coals resulting in new

CTD that may have the same composition.

[0071] In a second example, when the CTD (obtained from bituminous coal) is
dissolved in lignite coals, its composition may change as the lignite coals are aliphatic
compounds. When the mixture of the lignite coals and the CTD is distilled, the pitch

obtained may be rich in bituminous coals and the distillate may be rich in the lignite coals.
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process, the tenperature may only be raised high enough to boil off water.
Many cycl es of the process nay be required for conpletely renoving the

wat er. | rnwerroaltsgsonat i ve enbodi nent, the coal 104 nmay becdriseeiifoirssé . After
a few cycles of water evaporation, the reactor 102 may be brought up to a
tenperature for liquefaction. The thermal rupture of coal nolecul es may
resul t Actortitigliesieyclen CaD wagichiige donpesitian] Tabefork,nasahe esdyoliidBNthe t he
proton transfer a ent Hi prevent re-pol ymerization in the coal

| i quef & Bnteprasebdie Cikd njayeget righeicly Beiitescostsnt Figakdy aleadsnstateapay bact
with h¥é£"cl?&1e'3vhgfé“ﬂ{ egrdy rggfo b &dodRNES e%ﬁ&&ﬁ”%)h‘?én‘?sf@f“thé tg{a{ﬂéyo%%ﬁce%ﬁ o form

stabl e species. In sone e di ment s, onor solven e capabl e of
engend&mydgupﬁhheQ&tsmapnmm@busdmmﬁen@wpmgaﬂcmay be inmproved by having only
partially hydrogenated solvents, i.e., one part of the nolecules in

sol ution [tUﬁZZ]b e kﬁ{g FQ%E? 8% grgm%%nltf ?ﬁc{]&e%#g%rﬁno%c%legoh thg 89% lilg &éa%flélj_ﬁ

once all radi ca €s are

pr ocesso baysddi 43e4 sdleent0lTakidES, 108 o nded o tmevé B@h(\nﬁ@yﬂ:y ﬁd)dmparsing Beal
process _as .a,CID s%ﬁbtlng material. |In an may be changes

that ) Sddin 14 nHighevisersity ©f1the 6RRb4PT My %ﬂt IF%@er‘@é&/é%éeté?wl the; cordr e
di ssol Yﬁge Qfth ARGEYIBR LR @ﬁﬁtlﬁﬁg%upﬁf)ﬁlht‘ﬁe %Bhlgt'hﬁalgmﬁnth HkEBved Fﬁyl 1 an

recycl e 'sol vent nay becone nore conpatible wth |sso ving coa
enbodi pmvide mrpgpeaddlbtuseul IThEr at ed t hr oughout the process may be recovered
and recycl ed as the starting material . Further, the proton transfer agent,

such as nz)[ﬁﬁﬁ'v Q Ce?f'ﬂ{ g%@érﬁ %r& étcm nfdtag% {Igyﬂ[aé %quleer 'E!gssr 't o %eha”t

liquid I|p at el'Tne crh
used aliqtdfectmadi The/eatdl3Q may tdveer ababrdcegugf aﬁipiefmmm romq&mureﬁmlomdy lagby, t he

pi pel i ne ¢crude oi.l aGgt as sol ven as ,a_proton transfer agent,
Bnd i nIOgH TEeRsERsRbS mlétuﬁydﬁ%f@@ﬂa% plothe é‘r@éﬁﬁt ay idudse QBGatedof ﬁ@l@ém

| i quef t t n the pipeline
s o e Ay o 1

nol ecul es to the_pipeline crude oil ther%Ey enabl i ng nol ecul es of the

pi pel i ne [00THe oft an suphedinent) thestepmrermiure Tieha fapk ligvefattionyapdpieninn®eecul es
may i NELeas ?naﬁ{)ﬂ))(é[" E}i#éeé_dt %6%%%?%&[11 'é}eﬂlésﬂﬁlgféd{qﬁe %'t%fmh REUhE Mikfird N, GR2!

| i quefaction r separation of the extract i1nto insoluble
nat er i anbadicheot mitis atag betdoge bensingheondonstrdoaypl déa etameby the temperaturpinagl i ne

f f d t, | fl f th trat
andt B BT P ALOH AGCoPT RSP LR FEHPIE OB GHEICE HE ‘B8 DF AFBOHEY 08 added
di rect kne Raakrel 2k Qhé Rewd PEl hﬁl becmeZ%ycﬁ@\gﬁOQ%ﬁéﬁ%%l%%m f3967] I'n

an enbodi nent, coal 104 may di ssolve in the coal |iquefaction m Xture,
and t heeusipate prdseure Heat mq@é}q tne haglufm thyi teadters $02r Hnentrilinglyl theawatex atpiney sone

coal s be onatlc a e n.an ar vent m xture
o B Rev RS IR B G B i b 308 Vmdta B B oidife et Pl Lo
oi |, tBenchdtl iy the @B@kdCI0AThE wkbraﬂzbﬂnh rnsen@msv&pﬁblm Rt hERigde | n
the coal |iquefaction m xture. Further, phatic coals such as Ilgnlte may

di ssol veiltiide cysles ahraiing R tewpsishue gnd condensmg out the water. Further, the water

112 may be recovered.

[0075] Once the water has been removed, the temperature of the mixture may be
raised to about 425-450 °C in order to facilitate liquefaction. The mixture may be kept at this
temperature in the reactor 102 for about 10 minutes to an hour or longer. The coal molecules
may break apart at the heteroatomic linkages, and, in embodiments, form radical sites.
Further, hydrogen released from the proton transfer agent may react with the mixture and seal
off the radical sites of the broken linkages. This may reduce the size of coal molecule
clusters and may form a liquid extract. The reaction mixture may be agitated, such as by

using a stirrer, an ultrasound technique, or the like. The solvent extraction need not be
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[ 0068] I n anot her enbodinent, if the pipeline crude oil is heavily aromatic,
a plasticizer may be required to reduce the pipeline crude oil's viscosity.
Ther ef or ewot2ha/@wsmel i ne crude oil ‘-may flow with | ess repcstape/oir3sd he

pi peline of the refinery. In a scenario, if the coal dissolved in the

m xture is less mature, then it may be expected to produce nore aliphatic

or s mibbr%mﬁaﬁdmﬁb@h ro 56l #@0bere, hBwswea Hyc&@%maﬁm@sphbfbemdy sptdnald beoal
may be distilled @H returped to a _source of the pipeline crude oil as
subst i BeRddnerdes tq eghrgpasthe phgorption ¢fihy4ieechay nake transportation of heavy

pi peline crude oil economc and viable. In an enbodi rent, two or nore

f eedst ockoeamd]ventrse W@Mtltbembﬂeﬁﬁﬂﬁﬁ%ﬂ)@@@ﬁth@ra flgsh doatléret Bﬂth%h@ad%lom fores of
the centrate. [0069] Optionally, e coal liquefaction m xture may be

agi t at eenvigsingthe veletitomagrialyingo &p@m%ma@@@mm%uﬂlmldmélr@tmﬁé lddal 104
to di | b
bur chady (5 bHLbTE G RDB <5 Mtk OF oYy ARl Aol il 1917 O

exanpl ﬁ]ayt’tfbehgﬁf Qs Iddpareyd toethé @obsieekttayt b183ndimgoal| &ltitak! alEmalyrengepachast ep
of the Ij quefagtl QN process. 070] I n an tﬁnbOdl ment , the more recycled the

CTD 1080ldfhedtanlept the repoter i ﬁ%%&mgl&g dewit the rsmrerataie Rt Prgodterpactcdipenent s
of the, Ll 1598¢r epch, %nﬁ&ﬁﬁm@ﬁ%%ﬁ@&@al ek{}a%r‘ll$@93¢bér%ﬁ3w 4 BE AT g@ ign Of

the |iquefaction mxture nay be optim ze he orlglna source
coal t émet Adtermatiyelyethelebali axédctf Il@mMmay modoe]aiviarwn Goadis 4 het transeclokged ar e
general Iy bitum nous coals. Therefore, the nolecules in the CID are

typicall yD arI«BEr%ﬂ QmH 'Ilssm(églﬂlto 115 trte a'11re§(r61n i BodiMiao ‘Jﬂ' s CTD
iy ol PSS ik TPy BREadlithe

and t he nous coa nol ecul es may ang ween the
CTD anﬂretsdflﬁ discdasnienaud icaal mtendsd Itds lingt the seepe Gfr Met éiﬂbodiﬁ&yntb&‘ﬁ&lebdi&)eéarre

comosti o 90THLE. Gegand, Remle her Lhey IR (omated om

o redhamt et el cyao ey Mpnigle duuteihude |

bi t um Rolvsnts dakd ineludd kerbdin dtladki ‘aase (Mh)("qﬂéB'l’ [ aclaoalntat higstillagen Dbtelrxedvaﬂl@m
Koppers), anthracene oil ("AO", a coal tar distillate obtained from Reilly Industries),
Maraflex®0il ("MO", a mixture of petroleum distillates obtained from Marathon-Ashland),
residual catalytic cracker slurry oil ("SO", obtained from Marathon-Ashland), and

tetrahydronaphthalene ("tetralin").

[0078] FIG. 4 depicts the coal conversion, in mass percent, obtained using bituminous
coal and the above-mentioned solvents. The crushed coal was placed into a sealed container
along with the identified solvent at 400°C for approximately one hour. Pressure within the
sealed container was controlled by the vapor pressure of the solvent used. The coal
conversion reported in the figure below is simply the fraction of coal mass that was converted
from a solid to a liquid phase. These results indicate that tetralin, a known hydrogen donor

solvent, is better than the other solvents in terms of coal conversion.

[0079] In order to determine whether hydrogenation can enhance the ability to extract
coal in the liquid phase, three different hydrogenation conditions were established, as shown

in Table 1.
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WD 2011/ 163300PCT/ US2011/ 041350 Accordingly, the recycled CTD may change
conposition. Therefore, as the recycling of the CIDis repeated, the CID
may get rwoheri/ieBsobi gnite coals. Finally, a steady statecras2ieossached
where the CID may becone an efficient solvent for the lignite coals. Thus,
recycling of the CTD may change its dissolution properties. [0072] The
degree of aromaticity and the size of nolecules in the CITD may enable it to
be used as a solvent. The CTD 108 may need to have high viscosity for

di sper thin.it, H.gh viscosity of the CID 108 nay not | et

t he c 'aﬂ%ff% Eﬁn?ww%mwe—m-ddl e distillate
cut frBunDssciadion t ar s| Wiomthe cokHyéiweanatiep pindtial doldH2especi al |y usef ul

CTD. [0073]1n _an_enbod] asetbeda cat ptopstor niC be| Budsiuge (i) he entire process

of coalCBB Hy@basdiadtien- ﬁ)qocat al yst]ppy | ower thso@rocessing tenperature or
pressuggyand may also podify propefties of the m'xture Exanpl es of the

cat aI arc 1ot Tttt s—of—TTorm— nol ybdenum
tin, @@gg'ﬁlf)]&na p3}4vv| th a h/%?ldogen pr esp OLe. [0074] I n an enbodi nent,
t he t ture of thelcoal 1 n.ug_f_apt Lon. axtd Ln the reactor may be

r ai sedCB& Hgdmderationg )E)Zf4l ashing patSthe watef7¥ut of the mixture. In an
enbodi irevdl 3 this may bg done by uslng a condenker | oop. For exanple, the

t enper ghpiReoirmy be ral $§94t 0 about| - Crtor g bs of the mxture so that
wat er i—ljygr pd fromthe i xture, as fhe water 112 may becone

. mc—p-lm that may be
15X Qe react pP2702. Accofdihgly, the er 112 may be renpved

drgeepation kxpld & v ai sing th tenperaturk for avoiding high pressure
generation in the reactor 102. The water 112 may be renoved fromthe

m xture through multiple cycles of raising the tenperature and condensi ng
out the water. Further, the water 112 may be recovered. [0075] Once the

wat er nr the te eraueof t.he ture b |sedto
uoLer Do RS Hart SRR AL Bl S P B o] B3

kept atnahimrSastcwm%eﬂt pregiously! Ae shewstin F1IGO3, teul oab%tbloﬁlefﬂgnlW(ﬂégdn@tedn hour
or Ionger The coal. nol ecul es may break ap art at_the heteroaton c | i nkages,

and, i PRlEFASD dioRE RGP tay éwﬁilataﬁi(%&b Célibf)@é?laqkul?@fsﬁé’rl) it piEngfirantl Yélln@éf%’éé aBr om
t he_ pr P&Hﬁ rbd %Sﬁl%fus%gs%o ﬁétecw ﬁ%ﬂ‘né e @b &ﬁe% eﬁ%allno ¢, i€

radi ca es of the broken a es. IS may re uce t Size of coal
nol ecupefaimsatewss anﬂlarrm/thamfrtetmlﬂm quid extract. The reactl on m xture may

be agitated, such as by using a stirrer, an ultrasound techni que, or the

like. The[()&é’ll]ven&u@%ﬁﬁé?ﬁl&i, Qﬁbeﬁ%ﬂtsn&hh li]ﬁ“tuminous coal and CBB L3 produced coal

conversion of 90% at 425°C. This shows that hydrogenation of hydrocarbon materials can

produce an effective alternative to tetralin, a much more expensive solvent that generally

cannot be economically incorporated into the pitch product.

[0082] In an embodiment, the coal extract may be directed to a separation process via
gravity flow. Alternatively, pressure may be applied to the system to drive the extract to the

separation process.

[0083] Further, the coal extract 118 may be subjected to a separation process to de-
ash the coal extract 118, such as centrifugation, filtration, decanting, float separation, or the
like. The separation process may separate insoluble material from the extract, such as ash
and quinolone-insoluble materials. In an embodiment, the coal extract 118 may be de-ashed
by using a centrifuge 120. The centrifuge may be a bowl centrifuge, a scroll decanter
centrifuge, or the like. The scroll decanter centrifuge may include a conical rotating member

that may strip the solids at a given gravitational force. In the above-mentioned processes, the
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WO 2011/ 163300PCT/ US2011/ 041350 performed under a hydrogen at nosphere,
however, a hydrogen atnosphere may optionally be Used in order to enhance
t he absorwbi2on/ws3ohydrogen. [0076] The volatil e materi al pomyusb@19e350t 0 a
fl ash condenser of the reactor 102 for converting the volatile materi al
into a condensed material 114. The condensed material 114 may be used as a

CTD i niehiperat@dimdyi ke k@bt ket 10% Qe that fdriRBsity ibe be trdensedonhepdisd. 114
may be light as conpared to the coal extract 118. The coal extract 118 may

be” senin #p cBbpdiminhghe gxkkadmanhBayeed disspsittobelo w209y canppige abwh oPR@ting

t enper r 0 t W i t he
coal iRt 5 BabORlo 2 bE AR cchlrub0 300tk e WS SR RO H TRy I
coal ex00 aeitipd8 (@hgeh® d0aeatipdodatBOOULT fgr aschaathet causfuge 1200pIn an

[0077] The following exanple is neant to i]lustrate an_exenpl ary enbodi nent
of t heCBPdARt cnbtize | 2 mayitaclids 2 Prrdenea Aol R for e e%tgp@q%flet he
enbodi gBpyigi;as described herein and as defined in the claims: Experinents
were carri eg out with different solvents to determ ne whether hydrogenation

i nproved the apparent solubility of coal in each solvent. Solvents tried
i ncl ude d998%n bilhe keWeEalipn processsmay Jegiain odid asnsar teilsd @2 ¢Bd senleddes r om

K ; j s ACY 0 el stillat j ill
st s T HIBRPEM) gongf phapss gRlve wBlail Slcraft CHRY. SUBRR mhgilug™! 1Y

obt ai nedy tbe ol didbesafi-trarthesddl d0d or enersinddiadlvest duythes the tailk 22 shay mglude |
"SO', obtaiped f Mar gt han- Ash| and),, d.t hydr . ht hal :

ot a5 BT 0 B SRS o ol SRR P vt

obt ai negaisi ﬂ%gbbé WS RN o1ANE hikeriAPAYS - BEBLLAANGH 30HUEAE ScolilhRd
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in Table 1.
this temperature, the mixture may burn off the fixed carbon and may produce a clinker. In an
embodiment, the clinker may be produced by combining clays in the ash and calcium in the

limestone. The clinker may thereafter be ground to make cement.

[0086] In another embodiment, the ash may include metals and non-metals that may
be separated from the centrate 124 during centrifugation. These separated metals and non-
metals may be reacted during clinker formation as insoluble salts of calcium or silicates, and
finally may be incorporated into the cements. Accordingly, the present invention may not
produce any solid waste after the coal 104 is reacted. Further, the waste material may be

used for producing a value-added product.

[0087] Referring to Fig. 10, a method of obtaining a de-ashed coal extract includes
exposing a coal to a hydrogenated vegetable oil in the presence of a coal-derived solvent to
form a slurry 1002, elevating the temperature of the slurry to facilitate liquefying the coal and
liberating a volatile matter 1004, and separating the insoluble components from the slurry to
obtain a de-ashed coal extract, wherein the coal extract is suitable for downstream processing
1008. Water liberated as a result of the elevated temperature may be captured and stored.

Volatile matter may be condensed and recycled. The method may further include distilling
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the coal extract to obtain a pitch. The coal-derived solvent may be selected from a group
comprising recycled liquefied coal, coal tar distillate, and coal tar pitch. The hydrogenated
vegetable oil may have a vapor pressure of less than 1500 psi at temperatures less than 400
degrees Celsius. Separating may include at least one of centrifugation, filtration, decanting,
and float separation. The hydrogenated vegetable oil may be at least one of soybean oil,
peanut oil, canola oil, olive oil, other vegetable oil or combination of at least two of these
oils. The temperature may be elevated to between 300 degrees Celsius and 600 degrees
Celsius. The method may further include agitating the slurry to facilitate liquefying the coal.
The coal may be selected from one or more of a sub-bituminous coal, lignite coal and an

anthracite coal.

[0088] Referring to Fig. 11, a method of obtaining a de-ashed coal extract may
include exposing a coal to a petroleum crude to form a slurry 1102, elevating the temperature
of the slurry to facilitate liquefying the coal and liberating a volatile matter 1104, and
separating the insoluble components from the slurry to obtain a de-ashed coal extract,
wherein the coal extract is suitable for downstream processing 1108. Petroleum crude may
be at least one of crude bitumen, oil sands crude and liquids containing at least 20% of oil
sands crude. The de-ashed coal extract may be added to a pipeline of petroleum crude for

delivery to a petroleum refinery.

[0089] Referring to Fig, 12, a method of obtaining a de-ashed coal extract may
include exposing a coal to a rubber material in the presence of a coal-derived solvent to form
a slurry 1202, elevating the temperature of the slurry to facilitate liquefying the coal and
liberating a volatile matter 1204, and separating the insoluble components from the slurry to
obtain a de-ashed coal extract, wherein the coal extract is suitable for downstream processing

1208. The rubber material may be from a rubber tire.

[0090] Referring to Fig. 13, a method of obtaining a de-ashed coal extract may
include exposing a coal to a sewage material in the presence of a coal-derived solvent to form
a slurry 1302, elevating the temperature of the slurry to facilitate liquefying the coal and
liberating a volatile matter 1304, and separating the insoluble components from the slurry to
obtain a de-ashed coal extract, wherein the coal extract is suitable for downstream processing

1308.

[0091] Referring to Fig. 14, a method of obtaining a cement by-product of coal

liquefaction may include exposing a coal to a hydrogenated vegetable oil in the presence of a
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coal-derived solvent to form a slurry 1402, elevating the temperature of the slurry to facilitate
liquefying the coal and liberating a volatile matter 1404, separating the insoluble components
from the slurry 1408, heating the insoluble components to liberate a volatile matter and an
entrained solvent 1410, blending the insoluble components with a calcareous material and
roasting the blend in a kiln at a temperature greater than 1000 degrees Celsius to obtain a

clinker 1412, and grinding the clinker to obtain a cement 1414,

[0092] Further, the centrate 124 may be collected and immediately subjected to a
petroleum-type refining process for producing transportation fuels. In an alternative
embodiment, the centrate 124 may be further refined via distillation, coking, or other
processes. In an embodiment, the centrate 124 may flow or may otherwise be introduced to a
distillation column 130 such as a multi-tray distillation column, a Wiped Film Evaporator
(WFE), or the like. For example, the WFE may include features such as vacuum distillation,
short residence time, and a highly agitated thin film of feed product on a heated surface.
These features may make the WFE suitable for handling heat- sensitive and viscous

materials.

[0093] Further, the centrate 124 may be distilled either under vacuum or atmospheric
pressure. While carrying out the distillation under atmospheric pressure, temperature may
need to be increased to distill some of the volatiles. However, at high temperature, other
components of the distillation mixture may get coked or cross-linked. Therefore, the
distillation column 130 may carry out the distillation process under vacuum. Since the
centrate 124 contains no quinolone-insoluble matter or ash, it is possible to obtain a pitch
after processing the centrate. Distilling the centrate may result in a tailoring of the softening
point, a difference in coke yield, or changes in other properties. For example, in some
embodiments, distillation results in the pitch softening at about 109 °C. The pitch 132 may

start to coke at higher temperatures, such as above 400 °C.

[0094] In an embodiment, the centrate 124 may be distilled to obtain a pitch 132
similar to coal tar binder pitch. In embodiments, the pitch 132 may be alternatively referred
to as synthetic pitch. Further, the pitch 132 may not include any solvent or any insoluble

material in it,

[0095] Additionally, the distillation process may remove some of the volatiles present
in the centrate 124. In an embodiment, partial distillation of the centrate 124 may result in a

heavy crude-like substance that may further be refined using the petroleum-type refining
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fluidity of a material.

[0096] The pitch 132 may be blended with other binder pitches so that the qualities
are closer to a coal tar binder pitch. In an embodiment, when rubber tires are used as a
liquefaction agent, carbon black obtained from the rubber tires may be incorporated into the

pitch 132 and the resultant product may be similar to the conventional coal tar pitch binders.

[0097] It will be evident to a person skilled in the art that binder pitch may not be a
usual product from direct coal liquefaction because there is typically still quinolone insoluble
material in coal extract from prior art coal liquefaction processes. However, in the present
disclosure, the extract 118 obtained from the reactor 102 is quinolone insoluble-free because
of the separation step employed in the process. For example, centrifugation may separate the
quinoline insoluble material from the extract. In embodiments, the Residual Oil Supercritical

Extraction (ROSE) technique may be used for de-ashing liquefied coals

[0098] Distillation may liberate low-boiling point species, including excess solvent
(particularly any additional solvents employed). A purified, synthetic pitch may be collected
(e.g., such as in a collection drum). This pitch may have enhanced aromaticity, increased
softening point, increased cross-linking reactivity, and increased carbon coking value
compared to the pitch properties prior to distillation. Upon cooling to a temperature below
about 110°C, the resultant pitch generally solidifies. The pitch thus produced can have
properties making it suitable for use as a binder pitch. In some embodiments, the pitch may
be used either for carbon anodes for Hall Heroult cells for aluminum smelting, for graphite
electrodes for electric arc furnaces, or for other purposes. The pitch produced in accordance
with the embodiments may also be used for other purposes, such as, but not limited to, an
impregnation pitch used to produce carbon composites, as well as fiber spinning pitch used to
produce carbon fibers. The low-boiling point species removed in the solvent separation unit
may be optionally recycled back to be blended with the solvents used for subsequent coal

liquefaction, with or without an additional hydrogenation cycle.
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gravity flow. Alternatively, pressure nmay be applied to the systemto drive
the extract to the separation process. [0083] Further, the coal extract 118
may be suwwpeotwdsioo a separation process to de- ash thepcoalszettonessé 118,
such as centrifugation, filtration, decanting, float separation, or the
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may be bel'ow 100 centi poise (closer to 40 centipoise) at 200 C for use in
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pr oduc ok Ni fig:cl in t ) ' i i - .. The
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enbodi engsthl, pliske pastucemny verycdnideropizt @ks, avedlanakemécdbd fohthe mawfieurseyfar at ed
fromthe centrate 124 guri ng cenii[(i f,uggt i gniﬂ;ghese separated netal s and
nonmet H1EOUARIE Haphites QB HEFT Mgy HKPWISEPC PBRISES on as i nsol ubl e salts of
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Accor di ngb§101y helrpragsa@nbodimesntthondegese 0Ot anpeslihigC thagnyhHQti theWasdree afft er
the coal 104 is reacted. Further, the waste material nmay be used for

pr OducilSﬁ@CIgIQ}lap@}éf_e%a]&j cbys@gﬁjcff_ he annealing process may facilitae production of an

improved pitch. Further, annealing process variables may be modified to modify the
anisotropy. In an exemplary embodiment, annealing may be carried out at different
temperatures and anisotropy may change based on the annealing. - Higher anisotropic cokes
with better conducting properties may be produced as a result of modification in the
annealing process. For example, anode coke is only slightly anisotropic while needle coke
or graphite coke are highly anisotropic. Other process variables include: temperature,
pressure, residence time, gas flow rate, and the like. In embodiments, the pitch 132 may
facilitate production of an impregnating pitch, a graphite pitch, an anode pitch, and the like.
In some embodiments, two or more feedstock solvents may be blended together to tailor the
properties of the synthetic pitch 132, By way of example, for binder and impregnating pitch
applications, Table 2 below provides exemplary properties that may be achieved with

embodiments of the methods of the present disclosure.
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[0087] Referring to Fig. 10, a nmethod of obtaining a de-ashed coal extract

i ncl udes exposing a coal to a hydrogenated vegetable oil in the presence of
a coal - dewoved/ssdogent to forma slurry 1002, el evati ngprCrasc@npersas ur e of
the slurry to facilitate liquefying the coal and liberating a volatile
matter 1004, and separating the insoluble conponents fromthe slurry to
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300 degrees Cel sius and 600 degrees Cel sius. The nethod may further include
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i quefyi.ng the coal and liberating a volatile matter 1104, and separating

t he inﬁ?ﬁeuﬁ’llfgfﬁﬁ?ﬁﬁéﬂg?ﬁ%egr‘?ed%ﬁaflﬁeg’%%?ﬁ%CLO ghtai n a de-ashed coal extract,
wherein the coal extract is suitable for downstream processing 1108.
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de- ash coal extract may 1 nclude exposing a coal to a rub materital in
t he prelsamde fofilitete Lighefdiogithe doslodndelieratmgf @ vnlatilesinatteryl 020 2¢pagdtegatheng t he

tenperatu of the slurr o facilitate |liquetying the coal and Liberating
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presence a erl ve(? sol've a slhurry

t enper aehed gh-frdepihuidybd sbtdined by thatngethodjuef yi ng the coal and Iiberating
a volatile matter 1304, and separating the insol uble conmponents fromthe
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met hodoflluetedtad Al AGRICEOERT BYreliRdUBE 9trag@aholecular weight of a pitch, in
accordance with an embodiment of the present invention. The method 200 may start at step
202. At step 204, the pitch may be distilled for separating lighter and heavier molecule
fractions. Further, at step 208, the pitch may be air blown to cross-link the heavier
molecules. In embodiments, air blowing of the synthetic pitch may be used to cross-link
hydrocarbons and solvent molecules that may result in modifying the softening point and
increasing the coke yield. The cross-linking may facilitate an increase in the average
molecular weight of the pitch as shown in step 210. At step 212, a potential precursor for
anode grade coke, needle coke, and the like may be created. The anode grade coke may be

slightly anisotropic coke and the needle coke may be highly anisotropic coke. The method
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| i quefaction may include exposing a coal to a hydrogenated vegetable oil in
the presence of a coal-derived solvent to forma slurry 1402, elevating

t he t enpewetureiesfoot he slurry to facilitate |iquefying roe/useal/oarsdo
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process for producing transportation fuels. In an alternative enbodi nent,
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distillation colum 130 may carry out the distillation process undéer
vacuuncolghgc dydiedessdmriasteon] 2gteanneratkisg,n satgyitinokrankingn sl ubther mefinieg or
ash, iﬁ 's.ﬁossible to obtain a pitch after processing the centrate.
Distil ?4ﬂ£q fe centrate may result in a tailoring of the softening point, a

difference in coke yield, or changes in other properties. For exanple, in
sone enmbd@Dhimt s Rethirsng kd &ig. d, resethoed of nbtatningh thegh gedltte rbkg fram abowut 109

C. The pitch 132 may start to coke at ,higher te ratures,.. such as above
400 & s s b iBideskboS g o i p W Hoss R BR b A e Be et i n
a pi t cbf d3baBddivedsolv@ne @Rkorinds sRiERARF02Dietcthtind theQBRPEHa RO LS thd BRrRithch 132
may be alternatively referred to as synthetic pitch. Further, the pitch 132

may nofacilfaledipchine g sashendlibeiaiing aswilaide anaitgt 694 separaiing the insoluble
L0091 S0yl DR L R ER IR Ty e
di sti | ha08, distitiing the ce# rktradtendedyaoiym tesbtain 4 pitch with a suitable softening point
1610, and coking the pitch to obtain a coke 1612. The coke may be at least one of an
anisotropic coke, a metallurgical coke, a graphite coke, an anode coke, and a needle coke.
The method may further include air blowing the pitch to crosslink molecules in the pitch, the
air blowing of synthetic pitch used for at least modifying a softening point and increasing

coke yield.

[00107] Referring to Fig. 7, an embodiment of the coal liquefaction system is depicted.
A hydrogen donor solvent 702 is mixed with coal and is transported to a reactor 704 for
liquefaction. After liquefaction, the coal is either pumped or flows by gravity to a centrifuge
708. One product from centrifugation may be gasifier fuel, which may be utilized 710 in the
process to generate heat. The centrate is transported to a distillation column 712. Distillation
results in separation of components of the centrate based on differences in boiling points.
Depicted here are multiple components separated from the centrate, including pitches, light

distillates, middle distillates, and gases. In this embodiment, the middle distillate is recycled
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heavy crude-1li ke substance that may further be refined using the
petroleumtype refining WD 2011/ 163300PCT/ US2011/ 041350 process. The heavy
crude- | i kwouhstsasvee may be either produced directly freoriuseoldiostssd | at e or
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pitch propertles prior to distil Upon cooling to a tenperature bel ow
about G0 thhetramspert pathte qoak usinmgermecchl Altersativally,faoesmai e trpinspotted huthe

d d t t bI f d t ch.
Pr CSonSh g enBeknnt orffe el ytool B e Pr et b P af BisRe e For
Hal | Hexpuit, ©6ldosl may wal dﬂ'@dn&!#iﬂ% BRlot lal¥dfurfas, @IRGRItELrSltReht Of s fikd.
electric arc furnaces, or for ot pur poses. The pitch produced in

accor dess pig-trpatmisatsandoalarke tlsaedmy: WS SEPOVT Y Beepldivn, @@ﬂv@golﬁ&% gwelingsuch
b
as, “E?lgé)nts &dcﬂ‘as & a’ggl, ]Ji%@“é 1P 'Ee‘%%ﬂﬁ‘t&m%ﬁmﬁcl{]n? ggéeigﬁ%e (B %@ H&5m & ﬁi%%g ber s,

conposi rospirnnrng pi s pro caro

The Ioghi@(ﬁhglpmgvemaﬂiﬁn,ap@mheﬁs.rermved in the solvent separation unit nmay be
optionally recycl ed back to be bI ended with the solvents used for

i;gfgq”e%ofﬁ"j" hl uef %Cdl 1en ! the) sys et for coﬁ?lquef%gtl(%{j 1dn|a§/ Ib%qgcl)durl] rdar 8%1zegt ion

to be disposed in a mobile unit, such as one or more rail cars, one or more semi-truck trailers,
and the like. For example, and referring to Fig. 18, an exploded view of a semi-truck trailer
carrying the system for coal liquefaction, including a distillation column, coker, and furnace,
is depicted. It should be understood that not all embodiments of the modular/mobile unit will
include all of the components depicted in Fig. 18. In an embodiment, a modular coal
liquefaction system may include a reactor for exposing a coal to a hydrogenated vegetable oil
in the presence of a coal-derived solvent to form a slurry, a heater that elevates the
temperature of the slurry in the reactor to facilitate liquefying the coal and liberating a
volatile matter, and a centrifuge that separates the insoluble components from the slurry to
obtain a de-ashed coal extract, wherein the coal extract is suitable for downstream processing,
wherein the reactor, heater, and centrifuge are adapted to be modular. The system may further

include a distillation column that distills the de-ashed coal extract to obtain a pitch. The
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WO 2011/ 163300PCT/ US2011/ 041350 [0099] I n sone enbodi nents, distillation
yields light distillates, mddle distillates, and heavy distillates. One
use of theol2ophts3zbbstil | ates may be to obtain transport @cTas26uekssaft er
subsequent refining, which can be acconplished using petrol eumrefining
techni ques and systens. One use of the mddle distillates may be to recycle

back agysensinay firfter LRkl sddokbinthbf@keoat ledst ahedant deasiyiawebextracigduse of
the heavy distillates may be to coke themto obtain high quality cokes.

[ 00100pitdhtoerbirdrliarioles Thasyeamany he adanied tasbeyppdulaply digpgecdd o atrpih car.
di stil ’h“fi‘é k%@mﬁ%déﬂ“b‘ :-!r %técf'ﬁ)t bdd atr rdl%}?}%a@ 99.16 etnlueéuc(ﬁf tﬁﬁlé}eslﬂl eﬁ%ﬂ{er pi tch.
ma evi

Furt her, nt to those e art that anneal I'ng nmay
only bﬁnb(f(ﬁﬁemﬁ, ¥ enddnlapicoal iemefabtidn m;emmaynmmdﬁcbareqctbnﬁirlenposmg;mIcodjlte

material. The pitch cl ude | arge discati Iecul r clusters
di spl a§ iHgr Oe?rtﬁé@dveaeraﬁe gﬁ 156?@@%?1108 %ﬁ%tl.déﬂmﬁgo ¥ent fetfgrma a iy oy

Vi SCOSh da¥or thefd %Le@'aﬂ% Eﬁt&n&éﬁﬂr@ﬂfﬂﬂl@r glr%f ‘hrtﬁ@fe%&ojé B fé&lﬁﬁfte ﬁhﬁ’@f}rﬁﬁsth@é’oatl he

electrons int cl oud associ ate each of the ring clusters, thus
causi ngld lhiErfamgraa‘tqlmle inradfsr, taccestrdoge thmssephteteasﬂm)msduble rcolm@onends fretrtbager

Loy, {Sul % 2850 SLMELIEP P00 SIS Ly S ATORARIERE Ayl

par ent pﬂebésefrﬂg;sedisiﬂleﬁint doBfmh ehak G%UHQEHGQIEL&{%EG(I Bsul ekeedt kd Sbtba FiRdLUERd ol N ONE
enbodi ment, upon del ayed coking, this liquid crystal phase produces a very

ani sot eaket d;lwé@labes slcleast eoneoiethe riiseasbet] toa qmﬁrectnerrdﬁmelmhetowbtemu ase@keepu c
graphi t okes be obt 0

enbodi W‘g‘?f 1 8808%90931@118%( %%%aiv‘\% ?(ﬁﬂ 1;1,111%: anf;eeceltV Re th%edger eé‘ldo aése)é%%do ion
bet V\BetmetﬂiﬁzhC{VlIiSﬁeﬁf the ddken@an@alkd buted SGBSs comihgf @amnprisigt et Pasdsiat bR of an
i nproved pitch. Further, anneali ng process variables may be nodified to
modi f yChrpivER; B FBEym, pavickel,ox anpllay {hessmbonnereinthe Eﬁaﬁf@ameﬁ@r,rﬁ&ptr%gee arried
out at I

anneal (A RERRE B BEY &2 BeF N BOHpRk: TR SHRRAReY PR 0B g may
be pr odludﬂdrlﬁdlspos'edsml d rafif cano@hé bysadnh arayite ddaptednnbaliviodglapyalig®sed dioa

exanp anoge coke is only slightly anisotropic while needle coke or

graphl f"@llé tQilgr- hi ghl y ani sotropic. O her process variabl es incl ude:
tenperature, pressure, residence tine, gas flowrate, and the like. In
enbodi meno®111] heThd pitth 132 smyinéddiom tlad disﬁﬂ@@hmbd)laﬁmom(}ameiyn’pé @yngkd ng
pitch, a aphite_pitch, an anode pitch, and the In so en‘podl ment s,
t Wo ordlﬁ%?glé‘ iptg @croke prod¥singglsyise hag s asiasolet atcebf*e%mqry PYe éﬁ e lgeent

pr oper Bl B Bt 1988 co R A Brode and

i npr eg% tt%?lrl\gefl;}ftc I%Z{gp aatﬁ}egfﬁ%sytha%%eplg}&b\g?ol\}v pCPow des%reg(errp gﬁrlglqgﬁe

pr oper knwyen tabatelayay d@klt@:th@@decﬂdm@mmydusm dvgerofentpemtunes rrndsa dbngelne

t | 2. .Pitch P B Pitchl t
Pi L oh SERERT RO B0 501 p00eTeS SEE Rt oy 20 BTl I BORIEA0" Cps @

225C Fhaghushhateid400C 270C

[00112] In an embodiment, the pitch 132 may be coked or delay coked in a coke
battery oven (hereinafter referred to as coke oven). Coking may drive off volatile gases.
Further, the chemical function of the pitch 132 may change as a function of time. In
embodiments, various parameters of the coker 138 may be varied as per the requirement.
Examples of the parameters may include, but are not limited to, ramp rate, pressure,

temperature, gases added in steam, addition of nitrogen, addition of air, and the like.

[00113]  For example, during the process, the pressure within the coker 138 may be
increased above 50 lbs (the pressure that is generally used for coking) to change the bulk
density of the pitch 132. Further, the pitch 132 may be treated at higher temperatures such as
between 400 °C and 600 °C. At such higher temperatures, lighter molecules may be liberated
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Coking value (vt %9 50 - 6040 - 50 [00102] In an enbodi nent, the pitch
may be hydrogenated, such as under hydrogen pressure, to produce an

i nproved weoph@smopi t ch upon anneal i ng. The hydr ogenat edTpist@h/oissé ess
reactive. Such inproved nesophase pitches result in inproved cokes, such as
needl e coke, with respect to the degree of anisotropy upon coking.

[ 00103 FrofRefherpitcAd 30 An Fh@ fordbof gashdit db@derdbbleblagbii NOndR tHEigAedsQRe€ released
i nsol ubl e-free and ash-free nmesophase pitch may include exposing a coal to

a hydr genthe ik éFbtaaiolid noptmeliing Frsidye dagyrkecottdingd. cBagompesmbedimenfsatbat t o
forma j r arithhtate

| quer SEse Tty Ay ShBHFLAO i PERRRRIE oo bR oL Db IR a0 T

i nsol ubl teked apHIte T, difdodmnidiecusdsunayy etableofotmativrao fieka shetickabdrysxlsr dat t hat
is quinoline insqluble-free 1508, and distilling.the, co xtract. under
vacuunf O@Waisngﬁ%é@é%}?éé’é%mdﬁwﬂ eF ey TeHHt @nfoFgating %C&HSP élffeé‘?’i’ée of
25 degggﬁgﬂﬁglsius to 160 degrees Cel sius, wherein the nesophase pitch can
be cok to obtain an ani sotropi c coke 1510. A qui nol one insol uble-free and
ash-free pitch may be obtained by the nethod. [00104] In an enbodi nent,
opt i onal I§01%4he dhoitopke; mayi eemaimaaromafichaygoearhprswsnd Fingy  begope, diqrat es a

nmet hod 2 ] 1 I e 0| oOf { 1.C i

nccor danearihis RS FaTE R A FiARRARIER 0 (O HClo BrRUkE R rmy
start abdkestegh &0dhoddigraicapkeOdkedichgradd talde, amd/mbealldigital Icbleel Calcigiparodt i ng

| i ghter and heavier,  nolecule fractions. Further, at step 208, the pjitch may
be  ai r SEPBRAG BAYFEYES e ote™ HeRAY: OHob bl 1% wn_@ﬁ%a‘a#mrgékea-lﬁ

bl owi ngn1Qf stionBerS VIRt M ddbmBiith, ChAsEBMNatiBa BE Perh Ovedl QB! daltinafvH RGAMERAS and
sol vent nolecules that may result in nodifying the Softening point and

i ncr easbavg 86Yehyclodgenygael d. The cross-linking may facilitate an increase in
t he average nol ecul ar weight of the pitch as shown in step 210. At step
212, ap hal I , i ke
e L e G P A S R
t he nessthevecaskaiated moestive ginll ywolatils odombystion aodteer (VR meThodalciidg process

2011/ 16330385)5]’/ USZOllﬁOéfl 50 2éoo terminates af 214. In an.embodi n%, a
pr oduct¥ProBuEI OBy T het é’?‘éﬁl& PRIt 3 ﬁﬁr’;?alaﬁ‘?nng 8pF 54 r 8 ke)
coke, whideHodRHarB@eRdticd, PR thE K8l FOABe:] ANIRRIEHGS palceSy Yisdyabl | ditihie-

[00105] In enbodinents, if air blowng is done prior to yenpvinﬁythe l'i ght
fracti taepefaten fthelion with compol vahiablee sught anheapng ederd G Minip detis calvinagionr opi ¢

coke t hat be sui tahl e.f or ,anode ade coke. needl e coke, and the
ke, - Painchie i BRGT B kb B 855 il RS 08 e 00 b

t enper giaghie brluvweies tB6Qoke a4TnAh9beGubjedted tancnpéttufes EMAdOLPE -l 4é@ °Clta an
exanple, to acconplish this, air may be bubbl ed through a tube that may be

i nser t EdNeAtsEryskne ghtciigi e el gialignohthe calcined polks My rbardiiestin selaiad ment |

a spar g)gt%e %i%cﬁcl#&?a% risAEs ﬂdﬁu@ﬁtﬂfﬁ%ﬁ%ﬁce&?&&h&% ek 3f callifle£TDOdI MENt s, the

pitch urther tre var 1 ous downstream processes such
as hydrot hermal cracking, hydrodeal kyl ati on, del ayed coki ng,

hydr odesUP@hkfl i z Bowerer, 8@@3@@@&&@@9% gualibncakipgicealds deqtinig, samchish dhat
refining. I 0 f.er Lk Fi , ai ni ng
o i gnCSHibg Y 3R galed Pl pIRE B A o 25 10 AR SEOR, TR
coal t preseryaifeng e atagbnylsigebkink @ f @oh-chking Realp kedencaibdiitumicoal anddfgnited
solvent to forma sjurry 1602, elevating the tenperature of the slurry to
faci|itefle Whogearajlabiity isdmeesape. a hese poRcaling goas ¥sIr mei tovat gost thebmay
separ atj i omthe slurry to obtain a de-ashed
coal eg%ﬁgggﬂﬁ'§?§géﬂghgﬁgﬁi gﬂﬁﬁégﬂﬁ%le-free 1608, distilling the coal
extract under vacuumtg obtain a pitch with a suitable softening point
1610, and08bkil ngln prabesliments: hespkail A0 maydies be siystallings hewreernily doke 4¢0| east

one of i r.oni : I | r it e anode
coke, - 300 M Rk AR B po B o HoBlcH R S o O BB s o TP,
pi t ch toomrosabioi andubaphiEchlisisotrapi¢.he pitch, the air bl owi ng of synthetic
pitch used for at |east nodifying a softening point and increasing coke

yi el d. 07]mR [ i 7 ' of

/1 quet actPh8y S HeBtds dtnd Bnblfhae ora @BV ROELTR Bk 0 G650 R morey v ¢
coal anmisdtsopic thesjoke i dhd mose roddddeat is/ OBorfeatimipleq gedpaité oy beAidxegonal on

| i quefaction, the coal is either punped or flows by gravity to a centrifuge
708. One product fromcentrifugation may be gasifier fuel, which may be
utilized 710 in the process to gener&8 heat. The centrate is transported
to a distillation colum 712. Distillation results in separation of
conponents of the centrate based on differences in boiling points. Depicted
here are nultiple conponents separated fromthe centrate, including

o, - - o, o



WO 2011/ 163300PCT/ US2011/ 041350 714 back into the process. Thus, the system
is closed | oop. Additionally, no CO2 is generated. Pitches may be

t ranspor two 2on/@33el ayed coker for coking. The centrat epamd/sesiiiolhsso
distillates nay be transported to a petroleumrefinery for processing to
fuels, such as transportation fuels or other hydrocarbon products.

[ 00108)neldige saBnal beues®e lik®bn RiAEQSHoTBY et@BodiMBhis NAHRdb%ropY of BleCddke FO0
exanpl e, coal na£ 2? continually conveyed into the reactor, the coa

ext r acafRy PEY Huba yelie o thretpke 8. Rieferdamta grpljte, sprbpapalecgles in

contin - ' ' : (T as a
sor ol | 1z sl Rt bRt LIV RHE AR RR WO BT PR AR OF O
t he ceof ¢ledtrpe, therebnemallingtgraghéteiagod ebmduetorand t he pitches may conti nuously
be si phoned off or punped fromthe distillation colum to a coker. Using a

coat &4 chgfiorshEERTLLA e AT BE R BRI R SR 20

conti nuo o renove coO
[ 00109]sotrdpiancokebedy rnigrount etos ytike Nsdtedpi€ Qadphite qdbasdféresl m@asbgudl@eat ed
near a coal mne sq that transport of the coal.is mnimzed. Aternatively,
coal nE§RPRER)t Aerishiik PERpety, th Buglgat EaRRyieAnHHbE isotreRie pnd magy mot gentginany i ke,
The cogl, may be pre-treated prior to liquefaction. For exanple, the coal
may be 3Fied using a hot air furnace, mcrowave treatnent, or the |ike.

QO her pre-treatnments may al so be used, such as exposure to cal ci um

net hanol /IPRI20] swEl pi ggnbedinyaiht the ageh 18k aad fampitch TR masnbe edmixgdunythemoni um
hydr ox] H) . i o4 D j.zation, and others.
[00110? ﬁﬁiﬁﬁg e@%%i%g%néﬁéégigggﬁ1 8?ﬁ%§§Fﬂ |q§§p%ttion may be nodul ar
and sized to be disposed in a nobile unit, such as one or nore rail cars,
one or ndP¥2deni In embedimenis) thestailangd4 vhiinedklsom the centtifgation aratessefeyr i ng
to Fig, an _expl oded, vi ew of .a 1 -truck..trall er carrying.the system
For coiete g gl afcrtlBh Bl TSN A2 aFbnfti ectindka e nace,
i s dept@ivesionl ints babiéd dpehdingleriol qadtaiiag theohindtdl nedHee thayesy Beadd inh@e

nodul ar/mobile unit will include all of the conponents depicted in Fig. 18.
In an BieBBEE wéfir toaa Aeyapgraiure esgecding UdPacl omhe sttcireatmgnti may gaapketdlgact or
for ex ' ! I Pl dn t resence of a
coal - aAnizBgnd xfEA3he ki Al IRABL S IR B Sahay S e T he
tenperature of the slurry in the reactor to facilitate |iquefying the coal
and |iberl80122y aConyertipndlypaet sicthodndon temeving wgdut Haems splipgoatining

i nsol up| e 0 f h u o [ -ashed; co tract,
wnorei P EREPBETRANE, ShAA" Gl Dprobl O, BB, BBRoRARCRE oL 1 (e
r eact ohydrbéstitirizagiod. Chid piokegemay evatlapdx@dsihg tiehyddedrben lidind ts ushigh may
further include a distillation colum that distills the de-ashed coal

ext r actempsTaEHE Aressuiznd; yrlroger e2as 4y dh miengnre o it ¢y stn cigdesut Bk e thaat
cokes rnact: i ain a
ok, o T ey B R B s S nb IR Bk SRR ™ T
syst enwaty. beeabagitredts; thelpesrndinvantion Wiy posedt @ methaslefiol ptaducikgtredickér . | n

anot her odi ment, ~.a noduyl ar coal.. |jquefaction_system may include a

Foact orRB Y eREeph 4 uTRothe b aR il s bt & ot oePi S esence
of a coah-deIVEee: RANEY sul@r EehadShtFdldum HqhRat ¢he HAD nRlyeafigedtihe
tenperature of the slurry in the reactor to facilitate liquéfying the coal
and | i begagtor mgd anixed acith @e repdeapetrodeuae gvids.ugstheh ghisdderat g detlivated g ol ubl e
conponaq}g @Sgg1the slurry to obtain a de-ashed coal extract, wherein the
coal eX é IS suitable for downstream processing, a distillation colum
that distills the de-ashed coal extract to obtain a pitch, and a coker that
cokes at [0&R31 ohecofodimentsethaséretbrcotyipicely matpresmudzechwithiatgah. Hovetai n a

coke, erein_the coker %?WE{LS% %k%ﬁated coﬁin .drum t hat, recei ves the
de- ashid e PERTra 8l ConIRiRts B DI dPE! FesRdn SRe dNRRNOr SEIHELY wi ¢ b
a coat i@t CONPHdis| AY adtsull€agFfur@ign e RuANFDBIHM 1i @i dhdireietvith HVOke! , or
an alloy thereof, wherein the reactor, heater, centrifuge, distillation
col umiomanbydesey sdfideawijphethay dbhecmenpd! &y 2 HReT.sleaviag behindoa Hertboéd to

be nod i Ll .C P 0

ey o SOt S0 S 0 (e B ST T B AP L1

obt ai nedy be durttieh ecfihied twithl @hivartionel tefiningPooderyesbe punped directly into a
coke produci ng device 138 such as a coker, a coke battery oven, and the

|i ke at a given tenperature to instantaneously turn the pitch 132 into
coke. This process may al so be known 28 del ayed coki ng. Del ayed coki ng may
use |l ower tenperatures and a |onger residence time than traditional coking
and may produce both solid cokes as well as liquid or gaseous materi al .
100112] In an enbodinent, the pitch 132 may be coked or delay coked in a

. . Y . R T - o




density of the pitch 132. Further, the pitch 132 nmay be treated at higher

t enperatures such as between 400 C and 600 C. At such higher tenperatures,

| i ght er nwbeoulwssooay be |iberated WD 2011/ 163300PCT/ UBR@Akl0403660 f r om
the pitch 132 in the forrn of gas or condensabl e vapors. Once the gases are
rel eased fromthe pitch 132, a solid non-nelting residue nmay be obtai ned.

In some qo®d] MERt & eddiflirgTnfbogini@y, grasile)mePhé Brthed dFddQ heddiite TAY aRe
referred to as _green coke. Wien the pitch 132 is baked at 500 C, discotic
mol ecuthePitehyl 3enabicecaksr i@t andrihe pitely H 82 arayshuextayed iopgh doles wf@mpysnnent s,

differ i | i ti
1 o B0t YRR JRUORSRPHLSSHTRE SR bALORE: R ey o
hydr ocachahwithds thaymag bo pessed tleoagh dahndpif@ agporfoheiapicoke. $hiskoksmay a

t enperature of . 1Q00 C 1400 C.to prodyce cal ci ned coke, c nod rade
corkrg, R BHr mtéd%m&ﬂ%t}owadwz Ry g [regale .m@aﬁhemiq%i%ﬁﬁéﬁﬁg?r@&gcoke

may re H&ﬁnérg 1a@i\6ﬁrn|§z{r?} tglﬁgg L qu’er%Bgfgéatiél%of gi’gSSLﬁ'E. FORhGAMR dyelBndyibRY nmake

t he coke st ger. i ments, ses that may be renpved duri'ng

cal ci nteitdendnefycdkecinddke abpuegn@®¥otitetr ddencegrdng produftoDag 5 tdwkehmaighi ni ng
is a process wherein the coke .pe ermal.l y upgraded. to .rengv

nasoc BESEOREIEEHE: U SO NEN O Rk [N PLEECCRNPE SaHiEaa R Beh P ng

Pr 0Ces ot 1Bdyske +IREQMS a8 'ohdchGate. PRI EICE &llecROORANAY BS ad®dab tRsgRbsiki cal
conductivity, real density,” oxidation characteristics, and the |ike.

Fur t heand itheaycld beatichiy ghout@8Q0 ey The heatingrmay dagbtate enderifigiat theohsaeatich

controloﬁgrkggigﬁjsuch as heating rate, VCMair ratio, calcination
tenper%ﬁ e ah ?Héyﬂﬁﬁgi To obtain the cal ci ned coke properties required
by the carbon and graphite industries, the coke 140 may be subjected to

t enper at YOS5 I0OGOb@ih4ats, the mesopdiasapitdhtmaxbyettnided ned gtaphitized by hddte

final ual it f. the cal cjned,coke be directl rel.ated to the specific
Char noemety oigh HuS BsfleS e e e OF sbbE el Sl 56, Mt FuE RS

[ 00116{intduwer e Thethett-SsHd] MeQphB8ROstdaLRIivEY c&Okh fiBe®aBly heved8gh YRUAGs SO
much so that coking coals or netallurgical coals my be mned fromseans as

| ow asmRgulupené dightthernpH eoaductivity.e An jad renthegineenibibe reesrplage ditch sryckaveng
coal s s syh-.hi tyum L ani aval Lty . d
s U8 MG U 090 500 L ALY R0y LIRSS R LAY
may nodifieggtiandt &bl thobipdadith. coke. [00117] I n enbodi nents, the coke
140 may not be crystalline; however, the coke 140 may have | ong-range order

of positign of molecules. I.n aQ examle.. araphite . i sotropic.as
opposed 190E0R ol SRpFENCRE: pul 00 BERHReEH Bp R hBATpROEOREE 87 o1
order aRyulredihk)prodietioeblf itheghalityohiels. The: d@Bh&iGHtEapdmRpisotdiglecakmays, the
nore rod-like it is. For exanple, ?raphi te nm{ be hexagonal an

be heavy, poor performing fuels. These heavy fuéls may be converted to usable

transportation fuels through cracking. In an example, hydrogenated vegetable oil and crude

oil may be treated at high pressure and temperature in the presence of a catalyst. The high

pressure and high temperature may facilitate hydrogen from the HVO to be combined with

the crude oil. The combined influences of the catalyst, pressure, and heat may cause the

hydrogen and the hydrocarbon molecules to split. The hydrogen atoms may immediately

combine with the hydrocarbons and form a light oil. Accordingly, hydrogenation may enable

recovery of gasoline from the crude oil.

[00127] The ingredients of the carbon-based fuel type materials may be classified by
solubility fractions. For example, oils may be known as that portion of the fluid that may be
soluble in cyclohexane. Asphaltene are those materials that may be insoluble in cyclohexane,
but may be soluble in tetrahydrofuran. Further, pre-asphaltenes are materials that may be

insoluble in both hexane and tetrahyudrofuran. Likewise, pitches may be classified based on
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WO 2011/ 163300PCT/ US2011/ 041350 one side and may be needle |i ke on another
side. In enbodi nents, anisotropy of the coke 140 nay be proportional to the
val ue of wbeorioks30240. Referring to graphite, carbon nolpecuises iom3sshe
graphite may arrange thenselves into a lattice structure, which may all ow
free novenent of el ectrons, thereby making graphite a good conductor.

[ 00119fhetrsoRIBGG MRNNSexaiipe, Rbluche dcidbloRytch® mMae e flipht. pRDEIlINBdnsE@1E 0PI C
coke. The isotropic coke nay be ground to nmeke i|sotropic graphite (al so

ref er r BéPhED Ay prgvené dproptiopiify wpsophasea ‘Bhask mpichgfemey nelwde fised serboyaphi te

may be ] nd..may not contain any ash. [00120] In an enbodi nent,
t he co%rg%l%gg&n%dt es'pi tch 132 nay be adm xed in the coker 138 for del ayed
coki ng or nl% be m xed with petrol eumresids. [00121] In enbodi nents,

t he tail 400128] obleimladlimershn qorkliguds may bgdlindad pilbclds> Yalcohallioudentertner al

mat ter, {03t Ja%aPg 1 3 §t%éJPa§i§% ai[h‘ ‘8?1%8@3}3 &&ﬁ?&%n ?dntepgsf . PRl ?&3 ﬁiﬁﬁidfs or
conversion into cerent or al'r's containing the mneral nmatter may
be heatredhiglily isblableriastsntiel. oMoaédvet, ah@highreperst dunsite st eadiliggidsGasy Let tdhe
heat treatnment may conpletely oxidize and nelt the m neral matter present

i n t henckppesthe snergy depsmly af dhsblgnd| Hoe aromatipgautont oafsayd wuidsiay suable thet hod
for re i u : - i N L1 o L aul.ds: S
crude. DoN of dh bl BB polyhiel AhE: M daliph LR (hb TRt TS o
Thi s pinhereatly sioyw bumanlgy cheyxqre sbmbustbe ntoye raidlyhiornhd prpseittetad aacdmigisting

t enper at ur essuri zed .hydrogen gas.jn th resence, of catal yst. The
ol t AP Besto e ORmRaHaN OF CY ARS8 G1rERRIGTE b EROWRY B DRI by

di ssol ¥ipg cBﬁ%oﬁBﬁ@ I ) §éﬂ'*)ﬁr'e@@até Br WRhEEG whth g,%@ﬁfé! MRREStord, 06:-R5, 69 ERhA
invention may provide a nmethod for producing Teduced sul fur hydrocarbon

| i qui dmay Thaugy 88%nethatiol ehdddfe card dupuidse mayhlee sughbhs aohypdirolgemadeivetli qui d
such as Ey Hor renmovi ng sul fur fromcrude petroleumliquids. The HVO nmay
be pIaE@ T a reactor and mixed with the crude petrol eum |iquids. Further,
this blend may be heated at about 400 C. [00123] In enbodi ments, the
reactor i[80129pi chl ¢rybaridineqms,cldisahei-Zeahseh tihuids gay.beHsed ueplace btheapwhol,

pressure. of..caonstituents.in.the blend esult in raising the_reactor

D oS g ihE DdicgidsaBey bf dsed e bliiigrackPam & Erite FRGAFS! eum
|'i qui dgropedh HRAGE mW bObIIMR Rith @Bamlfqrﬁﬂfs%ﬁlﬂldﬁ@ﬂeh@ﬁ:um%r%ﬁﬁ&%p‘%nélﬁﬂoved
as a vapor, |eaving behind a blend of hydrocarbons with |ow sulfur content.
The re$he Faaherplrepshafrocasy areaipeilitite regndopet msthenenomggsibed toaltwidh avréni ned
wi th cgnventional. refini processes. . WD 2011/ 163300PCT/ US2011/ 041350
(00124501 HeSHE R b eapyy L SARHEND Mhspin e AhRG PR OBl FeoM ERESoke

140 anghohtved@btd Rydkdden. Théing akethdrdddtavid, the eyiithéstgabIZaymihgn be coxntdrtedad
t hrough hol es of an oven along with highly viscous material to enable

f or mat # dwxBIe o4 liuit hydwearbepe diheciccorfe caalysharayr knerdran oh cgbalt-bassd may
be pa : ' J i Sy i xed
R e R e A R el e

el ect r adennvézmni afiyethesit it hquiy, buakestqldanesy invdbe papglctioatof @naldiqupdsesisur e.

Further, the oven_may bake the ble f coke .and the inpregnatio itch.
The reSldi7gt RRUsERTEPD toay iy Femin %fwﬁs%aﬁt%@c%gaﬁéopﬁpﬁa 3 40 Pifgbs oa

requi r gahsQRASid¥selE of fAefcesul ting product may be achieved. Such a product
may be referred to as greenware. Further, electrodes nmay be added to the

g-reenware and it y be heated to about, 2800 C. The heating nay facilitate
or der i ng Y1 0he 1 ebtdiimchis: e 6palsl HanaiepricgAlkp AeLprior to the preparation

of slurry. Pre-drying the coal 104 may result in enhanced solubility of the coal 104. In an
embodiment, the coal 104 may be pre-dried by using the waste heat of the reactor 102. In
another embodiment, the coal 104 may be passed through a pre-drying zone for removing
moisture content of the coal 104 prior to its addition to the slurry. Pre-drying may include

microwave treatment.

[00131] In embodiments, the solvent that may be used as the additive 110 may or may

not be hydrogenated. For example, the HVO, when used as a solvent, is already
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[00125] In enbodi ments, the mesophase pitch nmay be extruded and graphitized
by heat treatnent, which may result in the formation of carbon fibers
sim |l ar twohunwmsdvai r i n di nension. The heat-treated PCT/US2011/041350
mesophase- pi tch-derived carbon fibers may have high Young's nodul us and

hi gh thermal conductivity. In an enbodi nent, the nesophase pitch nmay have
hi gh suydragénatedn 5bREver NatherRydseitklbR chRewhRHGPAAS® Hoi HydhodeRatsd,iky tiRoi t sel f

and thus, may differentiate it fromthe binder pitch. ]%00126]‘In

enmbodi heHse, asdhg gddieg b0 cHhgdisedstockpalyeptiaraigacivdg pdyiwsabon matcriah fhabe

usef ul r i Lan- aual i f S enaini ents
of o ulE) gt © RS RERHE L b ERs OB a8 e ol SRR BB e
conver hedltotabais apdogest g artcling poiht elf veh B60JIE. c Vdkda agonthydasgeaxtadpl e,
hydr ogenat ed vegetable 0jl and crude oil y be treated, at high pressure
and t eRPYEFHELTEdEn aler?éldgwés@ﬁe%t Sﬂgrye al%ea%rg?\gap? mﬂaéeﬁﬁﬁﬁfl PresamestEi@thi gh
t enper o § bl J i t he
e e H g T G A L S e T R R v O
cause tpdo hpduto¥ gl ntayebechyriliod anbio thatthe selves afdhs pkirsctiohmixtiyrdrimgen

at ons i iately conbine.with the roggrpons and forma light oil
Accordgﬁéﬂvgqﬁgﬁﬁﬁﬁgﬁﬁ?wgﬁyﬁﬁ@g W%ﬁvgﬁ%VQﬁabé% gasoline fromthe crude
oil. [00127] The ingredients of the carbon-based fuel type materials nmay
be cl assi[D0E2] by FipBubudtiateg aftrlet flomsliagkan o x anpkssingdyisenn®G0 thet kapiv as

that portion of the fluid that may _be soluble in_.cycl ohexapne. Asphaltene
are t hB¥d Raprefyeq Ritdnd SRS P m@ogam%ﬁ S Regign Cﬁ%fil0§a+a‘5 i
sol ubl 8yJcBsstRt ERRYErROUMAY- inflHAd Refank REEGSBHR! LISMBSe@IRs TRELHE Alsed (that may

be insoluble i n both hexane and tetrahyudrofuran. Likew se, "pitches nmay be
cl assi hyddgdated mpntiort héithe Sesidstock isolyenti n Optionalbnpl eqtalyyst] geshe as dhuslicd

itch ] be |ight j noli i |.ubl itch t f ti f
resopnISEed 1w Sl @ekdapoBRebtRe o xR bube SoST e BERUS Cbrugh or ™" ©
addi ti ¥@soef the f61@0diA8) mhy aBIBE AARoShe ERdRIreddtérBod S0 RBNaMRE 1R SRE{H NI
10-95% al cohol to create a notor fuel with high octane rating and

g
conpat hidregevobibibstipeststoek selverts Furiley, Heer feedstrpk solvgnt asy he Bydogenajedsichbl e i n
al coho r i e ensi L QUi Y1, 8C
ner cadis (S 86 b sbedfolt 3G iRy GP30 sel e B R0 B0 8,
| i qui dsbssepticardiblyéroighe bl end to be conpatible with polynmer seals. In
addition, although the coal liquids are inherently slow burning, they are
combust e rapi dl.y i n t presence .of a conh i n l.cqhal ngce, the
conbi nat ﬁg%ﬁ c%g(ier Il?g'&h?%gggoﬁld Oetar?afle(%?t %a%mf%%“ foav%hrea C§St éé( (3881r¥53r’ et “to
ei t her hgdropanesdt sslsed mayi b combiedt @itk o bk enciRdumhltirogasddd Tecdstock

Therefore, CE-85, which may jinclude 85% et hanol and 15% coal |iquids, may
be soufMivends 3R8ier nae 5| aer adéitiopalsakuingy (Fgiefetralin). [ Bha safyentihgnipsdhesant s,

Fi SCheh&J&v@@ T ltﬂeglﬂ‘fcﬂsﬂma (Al Hl%ﬁ%eéf- Witk ?ecﬁe%%t% ng;l%ls?ehf: gﬁ'&J toﬁ'gﬂ{(% &ided

direct-T1quefied coal |iquids used as ng agents exanpl e,
Fi schetolt sqesndtank qedctts inashidbethb legtnabeidn walteh ptasal Thisgulvdst recyude stebangmay

petrol eum derivatives optianally. The Fischer-Tropsc rqcess nay
Paci || (e oS P RO e gid @5@#@}1 oS Wq&% (%Taﬁ“?lﬁefe&}%@énce of

a cat akygl b Bite, Bt AsS YMEPBSt ydRRarbBil Slra0RY %n theBoXll Wue Afyse@hbRM,
monoxi de and hydrogen. Using anot her catal yst, the synthesis gas may then

be conVléght dgidtogarhons"xhay refeftomaferials hydng e dobmgnointHewsedondbeutt200y€t, may

b i | t- d ercj al . t.. Th di.sc/. 0s.

ot -1 nbfe ot st BRSO heeidt S Mipeed IO wRETER S YUfiRBgRS o)
l'i qui deptildter 855 E€aARBRYink Y @lptidar (FUHE bd10eht YhayGRahit! digbiueen b additibshidi r ect

| i quefaction that nay t hen be bl ended with Fischer-Tropsch liquids to
pr oduc avantisigpef theyoal Kk odBeraatbyely,dhe porgion of solvegtuzoloveh frepbdinitehtld2 t he

I Pt | . ' [ | f sl :
pr o- or JROCeRL 8] b SRR LB I ks MBGMERRRRE] O T coar 104,

I n an enbodi ment, the coal 104 may be pre-dried by using the waste heat of
t he reactl8913#d2. Futheingfieer hahiveraptiemt thet Heedsiogk Sdventmpphengagdditiondhr ough

e T T I

its addi ude ment .
[ 00131 }vithreogimadiorremtssolideeost@inighatetial) toray ehieacusle dlegatih@aaddld o4 may 110
may or may not be hydrogenated. For exanple, the HVO when used as a
solvent, is already WO 2011/ 163300PCT/ US2011/041350
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hydr ogenat ed; however, other feedstock solvents, which may not be

hydr ogenat ed, may al so be used as the additive 110. The feedstock solvents
may i ncl wsle 2a11hsssoocar bon material that nmay have a soft egrng2é@npssat ur e of
| ess than about 200 C and may contain at |east 10% hydrocarbon species
having a boiling point of over 350 C. Wen a non-hydrogenated solvent is

used abe bperarddit tamittent Idedstirel MEhes bxtrdeys, oBithiGed Glowe e tanl réRtdreAMUEHa} Bea
tenperature of between 200 C and about 500 Cin a hydrogen,atnosphere.

Fur t hetntroguegsgioo gencontialige rle20of The qcatrifbgntion smdoiusdicy afien ghepseesuch

(by el opist e MG kT3040 e Kol i@ RY PR BEPERECIGERE T

fl ow dilegalewidfrewitypr ocessi ng system 300 that nmay be used to produce pitch
in accordance with an enbodi nent of the present disclosure. The processing
system 3 i s . . ga . o]
hydrogengﬁgﬂgﬂpo?%bogﬁ%?l%%gkgggggb%ae%géﬁsg%%ﬁgggﬁpgngpﬁ§¥m’%8§§§f$%t,
such asidedof theadokkt aid gdythe, reino®ed beabaping off ceeliepositd wditke marsr knives osal t's
of the foregoinﬁpnetals, or m xtures of any of the foregoing, my al so be

added PHer mEaRsanik subodimentygdbe eoke Hrymesoetcd vEBsErpIP i TasilitRlsdenged By t he
feedst ggk sehy %Hfo?né:%a&f‘ﬁ "ma} BE efr&%lﬂégzgs'fan%%a %%J H8¥a I@XF'W@S%&@ such
that mass of the feedstoCk solvent may be 1 ncreased by up to severa
per cenheaweretidudl hiepaditsorlptdasmnoda chyodrcogeting, the [cORd 8By bAf pushedydr ogenat i on
of at least a portio f .the feedstock sol vent, the hydrogenated sol.vent
may bePt8EH: f _Wat%ﬁ&ﬁg 16 e rﬁprﬁ}‘@F’fo’@’éﬁg’Eé&ﬂF SHALObEhED IR e ang) or
one or yfRLerRddhs taRAb (B8O Pbéﬂ&ﬁsGfﬂw&ﬁké@U&ﬂﬂﬁmﬂh?¢§&hﬁﬁ§bfEﬁ@ﬁnﬂﬁs been
removed fromthe pitch 132 nmay be blended wth the feedstock sol vent prior
t o bei agnigkid eehythy used estead of elmemegacblbe ddas mhdistolvenio abwningot drovickebk es
place. This solvent recycle stream may include not only solvent (feedstock
and addi (pgne) S8 KRBbAnARE. SR UERE hEAGL QAR OB RedHOTLDGS Rudglk Dut
al so other 1ight hydrocarbons extracted fromthe coal 104. As use érein,
"1 i ght aloydmonzalinninsin athyysy eidnickd atlayer Inadnsexaaple ghacdker aydeponfiguiedwer
t han aboHt 200 C, nakL%gfthen1deficul to incg@%orateliqfo t he git%h 132
i nt end ¥t S5 RSPS FEMEE TR vInE Y tkeuntt 18U, 458 % P REESEI TRy O6f a
por ti oporH ketaevvﬁpbv@ahtaunr@xmp@{ Eluhgéilf&fsfabﬂmtdﬂﬁ@ 8tho? @f tHeidRE. qUHBbAlahgS Of

y e

the coal 104. Alternatively, portion of solvent renoved fromthe pitch

132 mathetidurgsh siatetleqbe cedtpdhimatheanyr ¢fdthe materiags mentdenedsabose & yelcamtleer
enhanc 4 L r 3 r j edst gl.vent,
opt 1 onsi e b ST Hhat bt u ARorBbe MAEGPRBID S b FRARERES WS 5
tank rgadii@eds04crany thmymdyebe osddi foe dramihf oGpedkelBdin (a0res@tbielof pitch. The
solids-containing material) to be extracted. The tank reactor 304 nm WO

2011/ 163800RCHeNds 59l to 4103505 Fgpberatieehsa of 8 spntinoup pekes fhe Arcrfn@eés@t( racts
obtain Ay introduced to the centrifuge 120.
The ce%????%%g%Pgﬁ&gﬁszﬁrthgﬁqﬁgégf %gggon of centrate through the
distillation colum 130 has been explained earlier and is not expl ai ned

agai n f orl09K] sakerthsr, Bieegpated coker[pay Is) candigared| inya smadlek sizentyn wéhaade up
of as tﬁlhewlgdv@hablg?&faﬁ@%cc%ﬁ'('iiﬁglgff f?lef[cggteélc B5s ﬁfcaytf&?htgfélﬁﬁé‘tﬁﬁ%low be
removed Dy scréaping o e ‘deposi using water knives or other means. In
enbodi o liguetabtéoncidkms. Mmygmbediamatse thewnbdbilecdukorsanipbé anpleineateé onene\val of
coke. The chrone cqating may be erQsi.on resis%gnt and may be capabl e of

wi t hst BI9ET WA QA pIIere OF BRAPT aepiss P il oprs e@e like- a chrome coating, the coke
may be pushed out using a plunger, a piston, and the |ike. Further, an
auger nmay0OE38puUI I ethbédimeatseoddriady bayrodnedd i@ the aaspenL dge thpresaice ofo t he
upper Portions of the coker. Additignally, a coating of alum num or nickel

may beldrieersehyicBas hydrogen Bifidasadactspenmad areasiy e Thareariam Primepr

ni ckel incluﬁle[epgch% ) F AR L BNAL Such QF I@a%ﬁ?rfoﬁ?rﬁtigﬁi %Ot%]%e&iow t’f‘hé@ﬁﬁﬁ' al's
such as chrone, alum num =alum num alloys, and nickel® alloys. In an

exanpl eglumhengoieldaRastleg cings ilgtiney bei suppatglear a ipopravkded.e Athe pofams beénovi ng
the coke. |n another exanple, the coker bc copfigured with a hydraulic
' m or MY GRGUES P SETEL sl ) PEnObal cORTihe ‘St SsEoueiia Aer Re

pl ungegoTRYral 4@ tBF peRRh A tNd 41RaIRBYuRh th BE BRIRIddab ShdBRAl AREY0APAYEn I N

yet another exanple, the coker nmay include an Archi medean spiral - based
screw Exdngde,thd wsergeir mupys8pply trgebowetbeaddor bpiag shetyingide theedlunor.
drawi ng out coke froma reservoir of pitch. The coke may then be sent to a
calciner. Further, in case of a conti3uous coker, the Archi nedes' screw nay
be used for continuously providing coke. [ 00137] Further, the coated
coker may be configured in a smaller size than other commercially avail abl e
cokers. Accordingly, the coated cokers may facilitate nobilization of coal

Y o, e o o o e




WO 2011/ 163300PCT/ US2011/ 041350 Further, the reservoir may supply NaCH to
the al kali colum through a punp. The punp may allow the NaOH to flow from
t he reserwoin1ty®3iohe shower head. Further, a pipe for ejecriusgotiherssaor
produci ng gases into the coker nmay be configured near a bottom surface of

t he col um. [00139] In use, the odor producing gases (hydrogen sulfide
and rrEFﬁlaltﬁratm)e rét@wlﬂglaymmppl@stM toahe aildahmmlmthmﬁgthatphmpNaﬂré plapi ng
downwa H and t he_gases neet, hydrogen sul fide and nerca tan may
beconems“al*"t”é’waﬂ’& Nﬁ?Hg@t ﬂe‘é{ptrfemeté}e IRSCEV Al Fcutheo 1owprhe§ cohm%u BRI

conti nyg r may
be dis gpgfm%ahaF%g%ﬁg?MgﬁhigﬁghHﬁﬁgégggg |sc d@ﬁ%%klzgkéggn

descrlﬂEwohmnconjunctlon wi th the production of I|qU|d fuel s and cokes in a
del ayed coker, other nethods and systens may be possible to carry out the

Phvent oﬁbéf@‘? oS 3t P Bl lpoiR8 b8 (RubEt, 0898388 SutlandS REEREL.
of coalpwardk mmyeéqneahd ceotesitrveith érdaOHt flowidig davards. aVitknr WhGHr ardgtheo Fi g.

6, various coals may be qgquefied by the process such as reglonal coal
t ypes, S%R°F dipck dand roasm%”ﬁez@étﬂl RSHEDIaRiRA0 Mera waland gpotset @psired in a

bi t um §QHFon. S’T'f?i@ 'cBH&QrQQﬁ'?n ﬁ@)ﬁlﬂﬁ@&hﬁtﬁ thé b&ﬁh&? ng leRAEL 1&pﬁéed 13% fJIJZS@est' ke.
Such coals may vary 1 n sizée, water content, aronatic content

pr e-t r gstlh@enhay od diacardeyl, lagr.yi ng, and t he i ke. Thus, certain process
changes may be made to accommopdate the different coal types, including the

ki nd of en

hydrogenqg§%§§ séﬂ ﬁ%lﬁgﬁ%ggggggﬁﬁmg%qﬁgﬂgFg g??ﬁﬂ%ﬁ%&@h&{vh?%ﬂmannunt
of recyeiductipnodf lidued GiD; atdeokes anfelagfetﬂilcokB;aﬁthEIOmg‘éméx aice syshenGhby be

i ncl usi on, f catal ysts, inc| S|on Oftg ydr ogen gas |ncIu5|on19g addi ti onal
sol venPestie 1) Céﬁfé@%ﬂwm}%ﬁ%b Al i P OOV RIS TP O SPRRE Ohfhs PEBFILs

rel at egvkRiddre reactor include tenperature, agitation, ultrasound,

resi dence tinme, continuous processing, batch proceSS|ng, and the Iike In

t he separatlon process,, .the s eed of separation, duration,

vi scosi t JOBk1f heThe gondjticasofahe Piocsy Pay sbangs Witle Fepisfaf Waéao tlawfg agdd/ or
nodi fi g Ne t any of
Ferper Sr e e A OF oRhR DTk oRiring B Higl Aol Bhd il b RE RS el DY
flow rmoeessayudheasvxagloadl tanl nryzp]bs;‘ girr1¢d1eoadl,| pulvérizatilotoal mitpwayvedicodh goamdbe any

of gase m ddl e distillate, ht di pi tche er-type

o t S PR FO B Ee ol apiia izt Hiite BRESETSINEHRe o HER SHrlsehes)
and thaatlda@y inl 0.t wier @atntattt ahntahtcadoﬁaqt qﬁ%@ﬂtﬁqeﬁf‘ aéh%uiy QERAS é’rfﬂr thabl es
and the coal” extract, such as the kind coal used to generate

extr achke t Kbus shrigomressss changes mavémrsada/m azmmnmea@alw@tffaysz@pﬂ 0’@@850
used tg ue e d the Ref err.i o Fi i el ds
and ty e ot B BRatr R b s tih oF fudBeriafop 3r ot o i o
bl owi ngenot 86IveE) iR rdabdtEhyEO@inkRed ndteridi@ofekS the dnydRgit of ré‘eg&ﬁlg%{ﬁﬁe 0513) (e.g.
delayed coker, fluid coker, Flexicoker, beehive oven, e battery), and
changefheikind pheaal peednioraenetate the i(AID, welapion et G%Tél}’é‘ﬁ tlﬁ]élS’a?ﬁWfé]b’dt%én BRtches
descr i Hl%ﬂlsﬁ)?l%\f%dh iy ﬁﬁfsgfv%ﬂt.%% toﬁ:nlf:_{é Ef h}%ir %&P Vé 1't's taﬂ& tlLaq rfa%ﬂ:sand

t he process VArT abl es possi bI’e coke out S |nc lde” e co needl e
coke, mimetbtcc&ieereacam ﬁmhrdepempemkme dghtatism pilitasookd, reshﬁtcectﬁk@ coﬁpmn:@e coke,
cal ci ned coke, catal yst K cok de coke, and green coke [[00142]
The enP‘iOF%SSBlrgol%%g]%PWﬁ?SH@a e%thegﬁqeegngl SSP%%H?}UP@PCSST SpoRs %fn%ea%@ﬂ%m ude
Sensor g, ahch SHIASAE \fl%gil%a%k{ I ﬂhﬁ?' mh afl%‘é bl'té@& % get@dl 'nﬁc)ﬂlﬁ&f‘te{ll@' an@ff
measur ements. For exanple, sensor$s nmay be used asure the viscosity and
t enper amodifedofentrhte. c Raffergng rtackig. \Bhen thhehsdhsom mted;ew,nmyesf ttheparasIcgsi ty

and tenperature aretSU|tabIe for aratlo ﬁ%ﬁ nsor f%fignd 3H5|gna
to a pPSEEEEArIITSY HlsntHAGEE Yo WB}g 8“ ‘Y]E& |‘f 88 tPaHEpor t
of theteanktilRébh akitpul,” WRich Ren rb%aethtyOch @se&%ﬂﬁl&gdﬁtﬂ% tl@gh@ aseifafeabiteesuni t,
such as a centrifuge. |n another exanple, sensors nay be used to_ control

tr anslp@rg bandegne pitchs Frapieaasioss pitehy graphEe Mitelh, mpsopbasstRitshe other pHches),
fo o + AR REE DS ol R o il RpL o  BRHESs VAR M) A LED O

may beextset sich aeahmkmdtdf&:oar ogdribi g@aecafe theesxpaad et sshofontdng the @oEssts
Sensors may be used to provide realtinme feedback during processing in order
for an operator of the systemto make manual adjustnments or for a processor
to make an automatic adjustnment. Sens®rs may be used for safety purposes.

[ 00143] The nethods and systens described herein may be deployed in part or
in whole through a nmachi ne that executes conputer software, program codes,
and/or |nstruct|ons on a processor. The processor nay be part of ‘a server,

- .y oy o T Y o, 4



facilitate simnultaneous operations of the application. By way of

i npl enent ati on, nethods, program codes, programinstructions and the |ike

descri bedwbensiwssmay be i nplenmented in one or nore threadT/ukb@blrssad may

spawn ot her threads that nay have assigned priorities associated with them

the processor may execute these threads based on priority or any other

order bheded liquetyngier coal, i andsthp e cteccfeﬂrimgttbﬁgr 9.0tk yielde and hepasriagedsor may

i ncl ude ry that stores nethods, codes, gtructl 0 i%and programnms as

descri B@&dﬁg’ ‘i]iaﬂg%rtﬁ DEJSSERHESTRCTafhe Tangd %@S@F lomyng desidancy tigicy P%?é’é‘gr?édl um

t hroug f t G ik

ey 0 o L e R P i Y

pr ocessake Yabteryds and cltpnges hnstant111grmghanu¢maioshm aspusegrfahe ianyg tof tlee poetssor

ot her é%/peb%% %nstructft ons E(g bei.n cut ed % 1tjbhedc nput i ng or

pr ocesSTGP e P CE HajF FerU E)%t ma P tﬁ gt PR fRdoC RIPESSSF  a
CD- ROW, rﬁ‘t‘@s PRI eoﬁéadtﬁptﬂé iit%ludfe' A8phirdo¥s, neB@iM coMno@@@Bl@e %ﬁﬁofr@ﬁcl i ke.

[ 00144] processor may include one or nore cores hat may enhance speed

and peedkss matrepicaioke, dhat colss spangs soke, Iqalcemﬂﬁo@knemtdysttdwée piuek grade wake, be a

dual cor rocessor, quad core processors, other chip-level nultiprocessor

and th%ncfgrE%n%cﬁ(& conbi ne two or nore independent cores (called a die).

[ 00145] The net hods and systens described herein may be deployed in part or
in whol e [ON‘@t}lghThe ethipneceshmny bx emﬂtcébddxympctmmut@oﬂﬂmay@emnnw meluder ,

et wor TR g. emek srar b HieShpariully B B CR PR e 195 ver

that mayampg| §éﬂ§)t§1ﬁ&1§/|& 8l Y& eaflirk Me SI8ELRY andl @RpRatBRY ¥eihe doBl SARL.
server, intranet server and other variants such as secondary server, host

server W‘@ns‘fhﬁ ispfoe detcanings tamuiseorety aﬂdetemph@ttgerav@sultﬁéwe foiciepationether nor e
of ne Qr 0 d di.a st ora

(phySIng c?r?: g&gg%%sg g?l’al ?onﬁgfpl%ges?orotn tgcon%g)gga Valv ep%n 1Sat %%cﬂé%feé of
acces sumpott hethes ecﬁetl%kﬁract(ﬂdne filcSscatfBe bi H@lﬂmgatlaﬂk dﬁulséﬁ&aﬁdﬂ aug h;ual wi ped or
a wrel ess_ nedi um and the |ike. The nethods, progranms or codes as

descri Badiivgeeiln aneihes cxamnle: seirals BaY deebirdele- eyilioh&agwortert coal taddet i on,
ot her ;o

appl 1 a5 Rkt of 3t bl F e ARuBIORRLAMALR, BanclRd o WEILDcitS

Wi th t theouphoutethe systerh ﬁﬂé.tkﬁﬁ]{ ffdttﬁpsreloﬁpnclmaxdlsptled/taie\ccdqer iantl ¢lid ldloe Semsather

devi ces | vuth limtation, cljients, other _servers i nters,

ot abadey e et Shetndictpetes of bearafiebatels wiison s eRoronaL el weles

di stri bt el SAHMRI SedbaBlE 'dﬁhné‘ﬁfd&@s&hﬁg ineHer! 38 ah I0bBratdidftithd 8RRh Yo nladtbS
coupling and/or connection nmay facilitate renote execution of program

acr ossmgheal pdiuanénts o220 poceBIB BOREKE WS200niDiL1 BHG:tMbe. n¥nsorskinay bef sone
or all_of the% devices may facilitate parallel processing of a program or
et hod"St! T e§¥ph’@?%esl ocation without deviating fromthe scope of the
invention. In addition, any of the devices attached to the server through
an inter f[&&TelSHrayThmmaﬂdElsaandl sasmsodescsbat hgeinnedy U d@gﬁb@jkﬁldeimparsmorih ng

met hods1 pr ra cod (rjéqr |ns ructions. A.central repositor H)a

provi d&" 8‘& rf’stltl%f’ at S HE eéx&@ﬁ?‘étﬁr o i % o PSR 067488 | an i this

i pl eneREAitiodd, o REpFfoRERLE MEROPHIRENr By Akt pa$ F 8tRAHRFE chBH! WwetfRk
program code, instructions, and prograns 00147] The 'sof t war e program
may bemér@sfmqﬂet@ednohltqw Q@Htﬂuilé&t pﬁtfatmnwtathnemd:@l@ufmg epletpant | orpother
client t.erne l.ie it an t nd of.her, vari ants
such a%mséu &é&)ﬁorﬁ i &n At %o%rt hg benafn gnd o |%81%§3 10%}qeont SHPRIYiRe. The

cl i ent capaylei @ﬁ:bwﬁtlﬁg\q;r@@aﬂiorrstroétldmemodees bipEPERES0LiSns aRIIkE eiker gadabl e
nmedi a, storage nedia, parts (physical and virtual), comunication devices,

and i nPOFFSERIe Y AR ISF én@tldea@c%slsql RjoSAspRly dégifab racesigsy gwbeddodapioressel, and
devi ce e t he t hods,
progr a%é&gérgc ode@ogsahgg‘éag{aflﬁegﬂhg% eté %Ogﬁgéeg{gse elr1 e& JOb%gorégglf}Hg by the
client probafssadchonummmammheco pevesas anéqhé rldet) fand thx eldlet ﬂmﬂ méﬁy rixebibdor as

descr| hi.s ap atl onsi dered . a art of the

o v astinties i btldad BRen OB Bedecti posteTt BB Spoet hifEonmyn

provi dgid@o, mlteetslfoe@s@oﬂ RaPlehfle @!ﬁéﬂuﬁ@ﬁ of ﬂﬁimqb Reogrivhd NRKAAL, 1aHH BH4s0 'The
servers, other clients, printers, database servers, print servers, file
ser ver threade manriecererwed siarulienenuslyi totenhimeedtie perforerancanfithesogeskas and to
Additionally, this coupling and/or connection may facilitate renote
execution of program across the netwsok. The networking of sone or all of
t hese devices may facilitate parallel processing of a programor nethod at
one or nore |location wthout deviating fromthe scope of the invention. In
addition -any of t he deV|ces attached to the cllent through an |nterface
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with the network infrastructure may include, apart from other conponents, a
storage nedi um such as flash nenory, buffer, stack, RAM ROM and the |iKke.
The proceweesiy/meiohods, program codes, instructions desecrhsdothesssn and

el sewhere may be executed by one or nore of the network infrastructural

el enents. [ 00150] The nethods, program codes, and instructions described
her ei nfzfitlate| ssauliiceugTeyeritgons gl t‘hH&Eﬁ)l@@ti@ﬂ. Byogdy of anple@kuatién, havhods,
multiple cells. The cellular network nay eitger be frequency division

mul t i pPEOSkER: £8des Progrym datiisrrsomndciha dikgi desaitsd hergin ipavebe Ebplswentietim)

net wor ar 1.C TRl [ el | base
St ati ogae O BoRE AR TR nPAARCOHONIAH, U 1B GRS s il R 20
be a GCaisbci@RRSitIBBemEMBQ@rocmsir, moyr exzrine thase tthwoadshabgp@s priority[d@@hp bitheFhe

met hods, . prograns codes, and i.nstructions describ&%@heyein and ereghere
may be°T4FhICeMh PR dNSHIGPE ili’ff‘b‘ﬂ%’t HOBRG ST cerdle. Fhe RIBTSFY Y| Bewdfay

| ncl udg chiyy GRdt! QbredEHEIRES, ©abd, RBARGSns TR 1:ERRQNRS detRBL] BcRE SAFAI
digital assistants, |aptops, palntops, netbooks, pagers, electronic books

r eader slsewiese.CllH prypegssoramdy nbesss  kstoraghmediuniethiaigh amepteifactd thdemagptore from
ot her co nents, a storage nmedium su as _a f.lash. ne , Jbuffer,. RAM ROM
and onBeRaRoRidEs Aol Rh A Ral S LR helin ot A RHATT a0 es T t
mobi | eagievihee Sviffbthe 2o @RAR BHsthAn @ ¥RAIHIS, ROLGNRIMEERESSrogfR] RHGstioA Gr
instructions stored thereon. Al ternativel t he nobile devices may be

conf i gathedtypg of westivcbonsneapplleof being; erxe@ewal by dhecqraputing o oerssingdeviees. The
nobi | e i Q b i i i f Wit rvers
and colfy st 5 WBhGATBEERSE hebiaR G DM, PhEs BEER e Afon cat e

on a péeash drivepRAM,TEOMD chchenmg bhalgdenor k, or ot her communi cati ons networ k.
The program code may be stored on the storage nedi um associated with the

server a cut,ed by a conput] devi ce enbedd within the server, The
base st atlbfay A Ratthalr SRTCHBLOE (a8 far Pol e S bl clndrsh G5t Fha

st or agperfiaitiafes Sy mltirecRiR Iadmisdacntante hRStdsuniy B8 daxaoH fidodidor he
conmput i ng devi ces associated with the base station. [00152] The conputer
sof t waflédd e progassersdetier ghiprlevel mpdtpraesssymand by like thet eprabinghyp o mereessed
on nachj r i.aq:tshat may include: conputer conponents, devices,
and regggﬁ?ﬁgﬁﬁgg%gc¥ﬁg€%P@fain digital data used for conputing for sone
interval of tinme; sem conductor storage known as random access nenory

(RAV) ; nmd9e145] or Abe mafindsaandysystamsnaeseripest hersdinmay ther depdoyeduishpais opphi cal

di scs, horThrQlnBINENLE BLOLR0SL K6 AL 1SS of APRRGILHIR, afAHS and

ot her types; processor registers, cac menory, vol atiTe menory,

non- vopattwhg hudblresyter, optotiealsush @bagetes uadoa sedrkibyMardvearoy difleesottira such
as flash nenory (e.g. . USB sticks or, keys), floppy disks, magnetic tape,
paper PRSEM BNbS assacipted Withiaseren dharapydpelrde aﬁ\f«bswmer}t FEYPHVEBIED nas s
storag ?ervé}f fiﬁt!m'll@? ’sel‘%'t‘,:i ﬂitj?ﬁlg} 'sgﬁl;er QL Sih & OPRIALRT L{Eﬁrre%r ¥ec§H(‘fe{i'y as%r\%){,nﬁlfgt c
menory, static nmenory, read/wite storage, mutable storage, read only,

r andonmsaeae gsiritstgusantéradndathe d&s, Thecatven magdidrlads abt er okefadeanessabl e,
content addr essabl e, nqt%ghé attached storagg, sthagﬁ area network, bar
Codes, PHEGHES Coametera serqels Tedi.  Storgtisn Ry TiRote ala rfgpds y &

descri BafAmbgicRidh dRYcd! AUShREMLAN4PhNIlof a0khg Othet HrR&19] dlefits! HRBBInES OM one
state to another. The nethods and Systens descri bed herein may al so

t r ansf edileaees thuopgle senir¢ther »mrslesaimedivar,cndithe sikgi Theemictheds progamene st at e

to another. 0154] . The, e]l enents_descri be nd,.depi ct het.ei n,

ot uaPE® ioh ProRe Rt M SSETE R TeaEs Bt RaPBUBHoR A Rl ter i

| 0gi calieieud retpilet Fobetcseesh $MNBetBb&BicSerilddve Vigs apliafbdlinag be@osglidra@r e or
har dwar e engi neering practices, the depicted elements and the functions

t her eofs #idft ofdhe ifTastasivedssiated Withdy seRebugh conput er executabl e nedi a
havi ng a processor capable of executing programinstructions stored thereon
as a nonqbetds] C IR twREE nSdyr YEIWIE an Asitcstadddal ARG 8&fitesameruamty | eishou@r as
modul es that enploy external routines, code, services, and so forth, or any
conbi nimitaorsf clidniss eothgrngersers, Puiaters, neftemsatwrvicshsPinty syeergi filg rervess, scope
of the . di Y- . | 2\ . may
ot becRiRFRlLRE @8 Lilup BBy ER. Soif HillyJRE N 3B TR ARG, Bl

conmput esuplingahd/be cplieogs) my Hecilitienthelte exanmon of gradeanh Gemss rRohatwbrk.

equi pnent, wired or wireless comuni cation devices, transducers, chips,
calculators, satellites, tablet PCs, electronic books, gadgets, electronic
devi ces, devices having artificial i/elligence, conputing devices,
net wor ki ng equi pnents, servers, routers and the |like. Furthernore, the

el ements depicted in the flow chart and bl ock di agrans or any other |ogical
conponent may be inplenmented on a nmachi ne capabl e of executing program
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shoul d not be understood to require a particular order of execution for
those steps, unless required by a particular application, or explicitly
st at ed orwotzbhewms®e cl ear fromthe context. [ 00155] pChasspetiheso and/ or
processes descri bed above, and steps thereof, may be realized in hardware,
software or any conbination of hardware and software suitable for a

par ti cThametppkingasf edme Urealhalf dheseeddviaes imgy dstslitategparalél proussegeofanmput er
and/ or dedi cat ed conPutlng devi ce or specific, conputing device. or

part i chrogranyephethodat ermeionesstlogation %B)@et @qveat@sm thegCers fithe inpgation.

|1
Pr OCeSHLs: ibdh, 95y {ufﬁﬁlle'd%%@eé atalfi& Qfth ) %L hio! hglﬁﬁg gnaefl:' %?3815888{‘1%559 ers,

enbedded m crécon l'ers, progranma ssors or ot her
progr anmastoeagtemicdiom ahable Wi tstoringt erthallsapsamsexbée maﬂ/onarmmcnoﬂ'dﬁeA

processes also or instead, be enbodi ed |on eC|f|c
i ntegr 8‘?”&‘@ra ESPORIRTY may B‘i"éﬂjj:eal?’fﬁﬁfm”elnﬁfé‘t‘%“’&? F%be %‘i‘%‘{fr%a%ra'g eée“érdfe \ef-dBic, or
any ot fjgg 1rglﬂglh61?ta96n QR@Pélﬂ@ﬁE 'ré}ﬂ)sﬁf)rydxﬁé{ﬂ/ G&Sast ) @bra¥B Yn &Burf 364 ?ﬂ)lgfa%ﬁ' cb&,

process el ectronic signals. further be appreciated that one or nore
of thenpﬁu@esSBﬁﬁnmmﬁbasreal|zed as a conput er executabl e code capabl e of
bei ng executed on a nmachi ne readabl e nmedi um [ 00156] The conputer

execuit ablffyEAIe. Y sy £ SR Skt AuBLENALHRPL RERUEATH, A ADAYRgE such

as C, an o ramm-ng [anguage such ++, "Oor any ot
hi gh- | elva, pmnudmmjEMﬁMHpcbgﬁanmmnq<ﬂmngummﬁm(nhmﬁuddngh@swnmhmythnguages,

har dwar e descri.ption | angu s, .and.dat aha | a es and
FechnorSgnaey <l Brsy et SiGRmc EuttlPAane iR nelus ot domst BRI B8 Bne. o
the abgyg §eMbmBBics, FPodBddrs, %&ﬂﬂﬁt& FQUGPIBAKSIIL QRh RAkb@ASpBs @h%i&ﬁ%ﬁ&s
processor architectures, or combi nations of different hardware and

sof t wavigtualy campunichign dededsnend apeifdcss shpabke ofin¢aseping ogxeanilemst semms, ons.

[ 00157] Thus n net had desc bed |ons

{ her eor i) and 05 EBRF At o SRR P R B C SR e T AR ERER g on
one Or pfgffns 6MRYddsNG BQ¢HB&S helRhY AR BReh&e ShepHetdretaed byl the AMehtIgh
aspect, the met hods may be enbodied in systens that performthe steps

t her eofdditiery ofhey dpeicesi rsavirh for exesption of methpdeas described dnthis apifliopigismapr  al |
of thebé b‘ﬁﬁ Péaads'atqaﬁmﬂh%ﬁlﬁ'ra&h%@taﬁs%c a'Ele%ﬁl {iﬁ%?lh%&t ed, standal one device

or ot her aspect or perfornlng the steps

associated with the processes descrlbed above may include any of the
har dwar e [B0HI8br $be takighte 1T€PéfsE?quEd apbptesfacete aierhdpdessuingludors witeout

conbi an’n B8 ageﬁr%g ‘é@%? \MIG nté% t g%t?basgeﬁ‘f‘&e?ﬁegﬁﬂt gx}a}% 1@r efgg |n stnervers,

dlsclosure e I Av ndiscrose

connectdromuimichtion beves, edlefrrirbatédmbmh amhtie Blowndditichatlesthis bagpling agetoai | |
various nodifications and i rovenents t her eon mAII becone r eadi

appar efNEHIGHHER %q{]ilqa'[ee@moﬁe erfeution of progryPeIgst etq’?éw%rbl he né"ﬁ‘d’%@épe of

R e R e i

docuneotsocmbedlokatian withowe destagiby frome drepseopt eﬂtliaymveftmnehcaaddltmm aﬂnylosf

clai I’T'E&lei (?e:vice%"atécl%t Pooaleoghe% ttﬁrloulgl?%n 111?6%&1%3 Qﬁ"gy ?noc?udeeé(tt fegsq[t one st argleSI ng-
medium capable of storing methods, programs, applications, code and/or instructions. A
central repository may provide program instructions to be executed on different devices. In

this implementation, the remote repository may act as a storage medium for program code,

instructions, and programs.

[00149] The methods and systems described herein may be deployed in part or in
whole through network infrastructures. The network infrastructure may include elements
such as computing devices, servers, routers, hubs, firewalls, clients, personal computers,
communication devices, routing devices and other active and passive devices, modules and/or

components as known in the art. The computing and/or non-computing device(s) associated
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exposing a coal to a hydrogenated vegetable oil in the presence of a
coal -derived solvent to forma slurry; el evating the tenperature of
t he sl urnyoto1ff@siobi tate |iquefying the coal and |i beratcmgsaonokesse | e
matter; and separating the insoluble conponents fromthe slurry to
obtain a de-ashed coal extract, wherein the coal extract is suitable for

downst &8 e efSinAgstruckire ﬁh@ ifEhigdpat fivhrottlconyftResths e Wata@E niddagh at ed
as aresult of the elevated tenperature is captured and Sstore 3. The

met hodswsh 28| Bash mem@pe rtatifer,t Hacky d1AM, IROMafrd thg Eke oﬂﬁeﬁ@@ﬁssﬁﬁdnﬁ@@%l ed.
he
Lo oy EiTEtaP od, il idRons dlbfibolE i SRR Rellere Hhal b bloRich B i3 L, 2"

sol vendufthsnstmioelchﬁristﬁm@mahelgmemp conprising recycled |i quef i ed coal, coal
tar distillate, and coal tar pitch. 6. The nethod of claim1, wherein the

nydr ogeng gk e Al gk |or0A%.0BPAh RESSEHIE dlclieasicldand 300 A3k
{RhofoorBBIRallah FREURHYS ol il pd

t emper at res ess

wher ei mag ®p amgtdmte@o(m)a |cslaﬂalaﬁetmﬂ<smamgemtn;ﬁe Béltsi fThgatihvia nétwakr fmhy on,
decanting, .and fl oat separatign, . The nmethod of claim1, wherein the
hydr og@ft &8 Tegensn |déVlaplp tigle qw@ﬁ%ﬂt (F&M%fn%%%e%n%ﬁq divisioth uléple

canol a, ol ((%M)AS nvhork OTRE eI NBAETAPb & 1ﬁhy nﬁﬁu(féq{:[mlﬁa&év?&s,oéelft ﬂ?eieba%le l S-

stations, repeaters, antennas, towers, and the like. The cell network may be a GSM, GPRS,

3G, EVDO, mesh, or other networks types.

[00151] The methods, programs codes, and instructions described herein and
elsewhere may be implemented on or through mobile devices. The mobile devices may
include navigation devices, cell phones, mobile phones, mobile personal digital assistants,
laptops, palmtops, netbooks, pagers, electronic books readers, music players and the like.
These devices may include, apart from other components, a storage medium such as a flash
memory, buffer, RAM, ROM and one or more computing devices. The computing devices
associated with mobile devices may be enabled to execute program codes, methods, and
instructions stored thereon. Alternatively, the mobile devices may be configured to execute
instructions in collaboration with other devices. The mobile devices may communicate with
base stations interfaced with servers anld configured to execute program codes. The mobile
devices may communicate on a peer to peer network, mesh network, or other
communications network. The program code may be stored on the storage medium associated
with the server and executed by a computing device embedded within the server. The base
station may include a computing device and a storage medium. The storage device may store
program codes and instructions executed by the computing devices associated with the base

station.

[00152] The computer software, program codes, and/or instructions may be stored
and/or accessed on machine readable media that may include: computer components, devices,
and recording media that retain digital data used for computing for some interval of time;
semiconductor storage known as random access memory (RAM); mass storage typically for
more permanent storage, such as optical discs, forms of magnetic storage like hard disks,

tapes, drums, cards and other types; processor registers, cache memory, volatile memory,
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9. The nethod of claim1l1l, wherein the tenperature is elevated to between
300 degrees Cel sius and 600 degrees Celsius. 10. The nethod of claiml1,
further owopoigicsgoagi tating the slurry to facilitate |ipguafsgem@4tsbe coal .
11. The method of claim1l, wherein the coal is selected fromone or nore of
a sub-bitum nous coal, lignite coal and an anthracite coal. 12. A nmethod of

obt ai nil(ﬁlGV@laﬂlg-liiSﬂﬂef}/; Qipaibale?tbll’agétsuclc @srm}),sblvg); Mmﬂsblagnedi@ Gath e ffashh
petrol eum cryde to forma urry; ..elevating the tenperature of the
slurr ymteBloﬂég?g'i VaBesticky @éﬁwﬂg flopey disks, @ﬁ%"qtlicl}éh?%tﬁaﬁ@fngap@op‘éﬁhl @t t er ;
and r g et Ig@m? M. kpe. Shi-AYiLt Qnebtal.n a
de- as hsetéIl %‘gdzi% IS??M] gtlz%kl,g’ \%}]igragi{]%ptrﬁ% coa ﬂgd)%% ?g)fé%g%f é)tﬂgﬁrllet?ggpeth% glrk%ﬂtg&ﬁ\/{rlegt ream
pr ocessomypter A@motheucte b agnaficcmamoryl Ztatisheresiony,t tead/peite ctoeagy, anutaldei s at

| east one of crude bitunmen, oil sands crude, and |iguids.containin t | east
2006 of SBTESSEAUENS, FRIGOM Aopessr ARTSRINGCSP LrPaion Abresighls.ail (RIS s hed

coal exidi@fitaddRsaiReetlvridatRicRal ét&%é@fst(ﬁ%é SLeHVorY B8r &&TGSHﬁii%n\éﬁE Ynd 0 @
petroleum refinery. WO 2011/ 163300PCT/ US2011/ 041350 15. A nethod of

obt ai nimbthalife- ashed coal extract, conprising:
[00153] The methods and systems described herein may transform physical and/or or
intangible items from one state to another. The methods and systems described herein may

also transform data representing physical and/or intangible items from one state to another.

[00154] The elements described and depicted herein, including in flow charts and
block diagrams throughout the figures, imply logical boundaries between the elements.
However, according to software or hardware engineering practices, the depicted elements and
the functions thereof may be implemented on machines through computer executable media
having a processor capable of executing program instructions stored thereon as a monolithic
software structure, as standalone software modules, or as modules that employ external
routines, code, services, and so forth, or any combination of these, and all such
implementations may be within the scope of the present disclosure. Examples of such
machines may include, but may not be limited to, personal digital assistants, laptops, personal
computers, mobile phones, other handheld computing devices, medical equipment, wired or
wireless communication devices, transducers, chips, calculators, satellites, tablet PCs,
electronic books, gadgets, electronic devices, devices having artificial intelligence,
computing devices, networking equipments, servers, routers and the like. Furthermore, the
elements depicted in the flow chart and block diagrams or any other logical component may
be implemented on a machine capable of executing program instructions. Thus, while the
foregoing drawings and descriptions set forth functional aspects of the disclosed systems, no
particular arrangement of software for implementing these functional aspects should be
inferred from these descriptions unless explicitly stated or otherwise clear from the context.
Similarly, it will be appreciated that the various steps identified and described above may be
varied, and that the order of steps may be adapted to particular applications of the techniques
disclosed herein. All such variations and modifications are intended to fall within the scope

of this disclosure. As such, the depiction and/or description of an order for various steps
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exposing a coal to a rubber material in the presence of a coal -derived
solvent to forma slurry; el evating the tenperature of the slurry to
facilitatwol2opuebzong the coal and liberating a vol ati | ecoraisten /o4 essel
separating the insoluble conponents fromthe slurry to obtain a de-ashed
coal extract, wherein the coal extract is suitable for downstream

processioldi ndbbe AndEtbod t@te@btal pirfitular ORleAshegectfah fEXIhoaE bteps; AMsE Si NY:
exposing a coal to a sewage material in the presence of a coal-derived

sol venteapied By apartisplar pyplication, or gxligity siged prothenies deasdonpthergeatest.urry to
facilitate liquefying the coal and liberating a volatile matter; and

separati ngoissg | MTHO InTh&IsCAHIPRANSOESséS B8BcHbB&] 8bdife! ¥ind @tdgbttﬁ&@o@ Hgy 8ghed
coal extract, wherein the coal extract is suitable for downstream

pr ocesakiged m7hardwarensafiisare oF aoy sombinatien b madvege and softwerstsuiable Her a
| nsol u?%r%c&%%%ﬁ@&gi%n.t U R{E‘rﬁ%ﬁ%u@?a‘ézo LdddeCa ”getntef%‘i os%gﬁcgl%ﬁt%% &0

sol ven ndi ng the 1 Nso conponents Wt aresus mal eri al
and rodsditan@l tdigpllngndtvide @ sisedific @bmputieNien &l oif aricitat 8pedt harodPofendegr ees

Cel si ugftao Sobt,fai n a cljnker;, andT?ri ndi ng the clinker, to obtain a cenent.
pecific computing device. he processes may be realized in one or more
microprocessors, microcontrollers, embedded microcontrollers, programmable digital signal
processors or other programmable device, along with internal and/or external memory. The
processes may also, or instead, be embodied in an application specific integrated circuit, a
programmable gate array, programmable array logic, or any other device or combination of
devices that may be configured to process electronic signals. It will further be appreciated

that one or more of the processes may be realized as a computer executable code capable of

being executed on a machine readable medium.

[00156] The computer executable code may be created using a structured programming
language such as C, an object oriented programming language such as C++, or any other
high-level or low-level programming language (including assembly languages, hardware
description languages, and database programming languages and technologies) that may be
stored, compiled or interpreted to run on one of the above devices, as well as heterogeneous
combinations of processors, processor architectures, or combinations of different hardware

and software, or any other machine capable of executing program instructions.

[00157] Thus, in one aspect, each method described above and combinations thereof
may be embodied in computer executable code that, when executing on one or more
computing devices, performs the steps thereof. In another aspect, the methods may be
embodied in systems that perform the steps thereof, and may be distributed across devices in
a number of ways, or all of the functionality may be integrated into a dedicated, standalone
device or other hardware. In another aspect, the means for performing the steps associated
with the processes described above may include any of the hardware and/or software
described above. All such permutations and combinations are intended to fall within the

scope of the present disclosure.

[00158] While the invention has been disclosed in connection with the preferred

embodiments shown and described in detail, various modifications and improvements
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18. The nmethod of claim 1, further conprising: distilling the coal
extract under vacuumto obtain a nesophase pitch with a softening point in
t he rangewof2o@mesmmgr ees Cel sius to 160 degrees Cel sius, palrarsesm/otizso
mesophase pitch can be coked to obtain an ani sotropic coke. WO

2011/ 163300PCT/ US2011/ 041350 19. The nethod of claim 18, further

conpri gef@n veilkida8me Readdlyt HPardedt Phasskall&ioethe ar0.AcEBRIinEY e spfrit Ghal m 19,
wherein the coke is at |east one of an anisotropic coke, a netall urgical
coke, &Oge Hbihe presesktdnvantionndaet wokelimied by the deregoias egamples, buts tebehod of
claim J L Sl I i.ng the pitch to crosslink nol ecul es
in the&%¥¥%ﬁ?{@ﬁée§¥g&%?%%E%SH@*&%gh?Egﬁic pitch used for at |east

nodi fying a softening point and increasing coke yield. 22. A coal

| i quef actlP@H9%y s Adrdocematis ckedhlperein are hegehyemeomprataskbyaefroeiosg a coal , to a

hydr ogenat ed vegetable oil in the presence of a coal-derived solvent to
forma slurry; a heater that elevates the tenperature of the slurry in
the reactor to facilitate liquefying the coal and |liberating a volatile
matter; and a centrifuge that separates the insol uble conmponents from

the slurry to obtain a deashed coal extract, wherein the coal extract is
sui tabl e for downstream processi ng.
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23. The systemof claim 21, further conprising, a distillation colum that
distills the deashed coal extract to obtain a pitch. 24. The system of

cl ai m 21,wountinessoeonpri si ng, a coker that cokes at | eagCTaseofh4tsse
deashed coal extract and the pitch to obtain a coke. 25. The system of
claim 24, wherein the coker conprises a coated coking drumthat receives

t he deWmhedldoel iextract or the pitch, wherein the coking drumis
coated with a coating conprising at | east one of a chromum an alumnum a
ni ckel 4 or te cI aim 24, wherein the
systemli S a ?thé&’?f&%&mﬁ%{ja ﬁiea?S%gd ﬁafn%lfﬁx‘”s[ p? Su(% claim 26, wherein the
systemis adapt ed to be nodul arly di sposed on arail car. 28. The system
of cl a| m 266X1w|ﬂmg@| aoal teen leydsogennied vagigitledil tothiseressted afrd pabilepaded on a

sem - Y &y OI | el rr29 A coal liquefaction system conprising: a
react o? Y&l 5151581 r% % coal to a hydr ogenat ed vegetable oil in the presence
of a coal - der| ved solvent to forma sluiTy; a heater that elevates the

t enper at ur eclevatirgshstenmpeyating of e sheag toofacilitaté Heudfyingtle doabaef fhargitgre coal
and lib r@l g 8Iatlle matt er;
volatile matter; an

separating the insoluble components from the slurry to obtain a de-ashed coal extract,

wherein the coal extract is suitable for downstream processing.

2. The method of claim 1, wherein water liberated as a result of the elevated temperature

is captured and stored.

3. The method of claim 1, wherein the volatile matter is condensed and recycled.
4. The method of claim 1, further comprising, distilling the coal extract to obtain a pitch.
5. The method of claim 1, wherein the coal-derived solvent is selected from a group

comprising recycled liquefied coal, coal tar distillate, and coal tar pitch.

0. The method of claim 1, wherein the hydrogenated vegetable oil has a vapor pressure

of less than 1500 psi at temperatures less than 400 degrees Celsius.

7. The method of claim 1, wherein separating comprises at least one of centrifugation,

filtration, decanting, and float separation.
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a centrifuge that separates the insoluble conmponents fromthe slurry to
obtain a deashed coal extract, wherein the coal extract is suitable for
downst r eavopooces®ong; a distillation colum that distilpcs/usbe1detsashed
coal extract to obtain a pitch; and a coker that cokes at |east one of the

de-ashed coal extract and the pitch to obtain a coke, wherein the
coker goOMRE nk@oddfeRahadwheteinthe Uk divebhadd vepeabias! i Aeledq-oas besobybeat .
extract or the pitch, wherein the coking drumis coated with a coating

conpr i 8ilritpart ofle ganolawib obive gilcotheriieaeblawilar ¢ampingion ohthesedils. or an al | oy
t her eof .

9. The method of claim 1, wherein the temperature is elevated to between 300 degrees

Celsius and 600 degrees Celsius.

10. The method of claim 1, further comprising agitating the sturry to facilitate liquefying the

coal,

11. The method of claim 1, wherein the coal is selected from one or more of a sub-

bituminous coal, lignite coal and an anthracite coal.

12. A method of obtaining a de-ashed coal extract, comprising:
exposing a coal to a petroleum crude to form a slurry;

elevating the temperature of the slurry to facilitate liquefying the coal and liberating a

volatile matter; and

separating the insoluble components from the slurry to obtain a de-ashed coal extract,

wherein the coal extract is suitable for downstream processing.

13. The method of claim 12, wherein the petroleum crude is at least one of crude bitumen,

oil sands crude and liquids containing at least 20% of oil sands crude.

14. The method of claim 12, wherein the de-ashed coal extract is added to a pipeline of

petroleum crude for delivery to a petroleum refinery.
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15. A method of obtaining a de-ashed coal extract, comprising:

exposing a coal to a rubber material in the presence of a coal-derived solvent to form

a slurry;

elevating the temperature of the slurry to facilitate liquefying the coal and liberating a

volatile matter; and

separating the insoluble components from the slurry to obtain a de-ashed coal extract,

wherein the coal extract is suitable for downstream processing.

16. A method of obtaining a de-ashed coal extract, comprising:

exposing a coal to a sewage material in the presence of a coal-derived solvent to form

a slurry;

elevating the temperature of the slurry to facilitate liquefying the coal and liberating a

volatile matter; and

separating the insoluble components from the slurry to obtain a de-ashed coal extract,

wherein the coal extract is suitable for downstream processing.

17. The method of claim 1, comprising:

heating the insoluble components to liberate a volatile matter and an entrained

solvent;

blending the insoluble components with a calcareous material and roasting the blend

in a kiln at a temperature greater than 1000 degrees Celsius to obtain a clinker; and

grinding the clinker to obtain a cement.

18.  The method of claim 1, further comprising:

distilling the coal extract under vacuum to obtain a mesophase pitch with a softening
point in the range of 25 degrees Celsius to 160 degrees Celsius, wherein the mesophase pitch

can be coked to obtain an anisotropic coke.
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19. The method of claim 18, further comprising:

coking the pitch to obtain a coke.

20. The method of claim 19, wherein the coke is at least one of an anisotropic coke, a

metallurgical coke, a graphite coke, an anode coke, and a needle coke.

21. The method of claim 18, further comprising, air blowing the pitch to crosslink molecules
in the pitch, the air blowing of synthetic pitch used for at least modifying a softening point

and increasing coke yield.

22. A coal liquefaction system, comprising:

a reactor for exposing a coal, to a hydrogenated vegetable oil in the presence of a

coal-derived solvent to form a slurry;

a heater that elevates the temperature of the slurry in the reactor to facilitate

liquefying the coal and liberating a volatile matter; and

a centrifuge that separates the insoluble components from the slurry to obtain a de-

ashed coal extract, wherein the coal extract is suitable for downstream processing.

23. The system of claim 21, further comprising, a distillation column that distills the de-
ashed coal extract to obtain a pitch.

24. The system of claim 21, further comprising, a coker that cokes at least one of the de-
ashed coal extract and the pitch to obtain a coke.

25. The system of claim 24, wherein the coker comprises a coated coking drum that receives

the de-ashed coal extract or the pitch,

wherein the coking drum is coated with a coating comprising at least one of a

chromium, an aluminum, a nickel, or an alloy thereof,
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26. The system of claim 24, wherein the system is adapted to be modular.

27. The system of claim 26, wherein the system is adapted to be modularly disposed on a rail
car.

28. The system of claim 26, wherein the system is adapted to be modularly disposed on a
semi-truck trailer.

29. A coal liquefaction system, comprising:

a reactor for exposing a coal to a hydrogenated vegetable oil in the presence of a coal-

derived solvent to form a slurry;

a heater that elevates the temperature of the slurry in the reactor to facilitate

liquefying the coal and liberating a volatile matter;

a centrifuge that separates the insoluble components from the slurry to obtain a de-

ashed coal extract, wherein the coal extract is suitable for downstream processing;
a distillation column that distills the de-ashed coal extract to obtain a pitch; and

a coker that cokes at least one of the de-ashed coal extract and the pitch to obtain a

coke,

wherein the coker comprises a coated coking drum that receives the de-ashed coal

extract or the pitch,

wherein the coking drum is coated with a coating comprising at least one of a

chromium, an aluminum, a nickel, or an alloy thereof.
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