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ABSTRACT

The potential usesfor ionic liquidsand supercritical fluidsareincreasingly
piquing the interest of researchers and scientists. As the physical and
chemical properties of these neoteric solvent systems become understood
there is a willingness to explore the possibilities of their use within aca-
demic communities the world over. Critical assessment of future energy
production must take into consideration viable alternativesin conjunction
with cutting edge technology. Explorative approaches aimed at substitut-
ing conventional solvents by ionic liquids to circumvent practically rel-
evant disadvantages, such asin the extraction and processing of heavy oil
and tar sand should also be of interest. There have been a few notable
investigations available in the literature, which looks at the use of ionic
liquids in oil shale and kerogen processing, methanol production, cellu-
lose dissolution and desul phurization of refinery streams. These findings
will be assessed herein, with the goal of finding a way forward, with re-
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spect to cheap, “green” energy production in the years to come.
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INTRODUCTION

An “ionic liquid” (also called liquid electrolyte,
ionic melt, ionic fluid) isasalt in theliquid statein
whichtheionsare poorly coordinated and which have
melting pointsbel ow an arbitrary temperature, such as
100°C or even at room temperature. At least one ion
hasadel ocdlized charge and onecomponent isorganic,
which preventstheformation of astablecrysta lattice.
A salt that meltswithout decomposing or vaporizing
will usudly yiddanionicliquid.

Inaddition, theliquid should only containionswith
lesser numbersof ion pairsor parent molecules. lonic
liquidstend to havelow didectric constants, whichin-
dicatethat they arenot ionizing solvents.

lonicliquidswith meting pointsbe ow or near room
temperatureare especidly interesting. For example, re-

actionsand extractionsmay be performed under mild

conditions, promoting lower likelihood of product ther-

mal degradation and reducing energy costs. Thetypes
of organic cationsinclude:

1. Mono-, di-, and trisubstituted imidazoliums, and
ubgtituted pyridiniumsand pyrrolidiniums[thefree
electron pairsof one of thetwo nitrogen atomsin
thefive-memberedimidazolinering and of thesole
nitrogen atominthefive-membered pyrrolidineor
six-membered pyridinering have been donated to
univaent akyl groupsto produce an N* cation]

2. Tetradkylanmoniums(R,N*)

3. Guanidiniums[(NH,),C* and derivatives]
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4. |souroniumsand thioisouroniums|ureaand thio-
ureaderivativesof generd formula(NH,),(RX)C*
whereX =0 or Sand R =alkyl], and

5. Tetraakylphosphoniums(R,P)

Thenitrogen cation with four organic substituents
inTypes1land2iscalled aquaternary ammoniumion.
Intypes 3 and 4, the positively charges carbon atoms
aredectron-deficient.

Theanionsusedinionicliquidsincludeakyl sul-
fatesand sulfonates, halides, amides, imides, tosylates
[toluenesuifonates], borates(e.g. tetrafluoroborate, BF,
), phosphates (e.g. hexafluorophosphate, PF,),
antimonates and carboxylates. lonic liquids are non-
volatileand nonflammable, have high thermd stability,
and show remarkabledissolution capabilitiesfor both
organic and inorganic compounds. They arebeingin-
creasingly examined asreplacementsfor volaileorganic
solventsinawiderange of industrial and laboratory
chemica processessuch assynthesis, catdysisand en-
zymatic biocataysis, e ectrolysisand extraction.

lonicliquidscanimproveindustria processesby
minimizingwastesand dlowing efficient product extrac-
tion. Becauseof their negligiblevapour pressure, prod-
uctsmay often bereadily separated fromtheextraction
medias mply by distillation. Solubility and other physio-
chemica propertiessuitablefor aparticular application
can be designed by appropriate combinations of the
cationsand anions.

For example, ingenerd, chloridesarewater-soluble
while hexafluorophosphates are water-insoluble. As
reaction solvents, ionic liquidshave been showntoin-
creasereaction rate, selectivity, and yield. By changing
substitution patternson theorganic cation and changing
anions, researchers can fine-tune reaction rates and
selectivitiesfor aparticular catalyzed synthetic reac-
tion. Because of their resistance to oxidation and re-
duction, they are suitablefor electrochemical applica
tionssuch asbatteries, capacitors, dectrochemical sen-
sors, and photovoltaic devices.

lonicliquidsaresuitablefor replacing organic sol-
ventsin two-phase system separation processes be-
cause partitioning of organic moleculesinionicliquid/
water systemsfollow traditional octanol/water distri-
butions. lonicliquid mixtureswith secondary solvents
arenot simple combinations. An appropriate co-sol -
vent can solubilize hydrophobicionicliquids. Another
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uniquefeatureof ionicliquidsisthat they generdly form
liquid dathrates (inclus on compounds) in combinations
with aromatic compounds.

lonic liquids combine a unique, almost unprec-
edented set of properties such asnon-volatility, non-
flammakility, eectricd conductivity and highly selective
solubility characteristics. Because of thesedistinctive
properties(TABLE 1), ionicliquidsareattractingin-
creas ng attention sincemany classesof chemical reac-
tions can be performed usingionicliquidsas solvents
and/or ascatalysts. Particularly significant arethelow
vapor pressure in most instances which contrast the
environmentd problemsof volaileorganic solvents. The
miscibility of ionic liquidswith water or organic sol-
ventsvarieswith side chain lengths on the cation and
with choice of anion and they can befunctionalized to
act asacids, bases, or ligands.

TABLE 1: General propertiesof ionicliquids.

Property Comment
A salt Cation isusually large
A salt Anion isusually small
Mélting point Preferably below 100°C
Freezing point Preferably below 100°C
Liquidusrange >200°C
Therma gtability High
Viscosity <100 cP
Dielectric constant <30
Polarity Moderate
Solvent properties Good
Catalytic properties Good

Vapor pressure Low-to-negligible

lonicliquids have many useful chemical applica-
tions. They have been used as novel solventsfor or-
ganicsynthesis, inliquid extraction, in € ectrochemica
sudiesandin somecasesascatdysts. Theuniquecom-
bination of propertiessuch asextremely low vapor pres-
sures and unusual and adj ustabl e sol vent characteris-
ticspresent the possibility of devel oping designer sol-
ventsfor particular applications. Furthermore, many
synthetic processeswhich usetrangition metd cataysts
and themetal nanoparticles play animportant roleas
theactua catalyst or asacatalyst reservoir andionic
liquidsareactivein theformation and stabilization of
caayticdly activetransition metal nanoparticles.

Thisreview providesabrief assessment of the po-
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tentia useof ionicliquidsin current and future energy
production, which must takeinto consideration viable
alternativesin conjunction with cutting edge technol-
ogy. Explorative gpproachesaimed at substituting con-
ventiona solventsby ionicliquidsto circumvent prac-
tically relevant disadvantages, such asinthe extrac-
tion and processing of heavy oil and tar sand are of
interest, especially when theenvironmenta issuesas-
sociated with the production of synthetic crudeoil from
tar sand are considered.

DESULPHURIZATION OF PETROLEUM

The hydrodesul phurization of petroleumisacata
Iytic chemica processused to removesulphur from pe-
troleum products. The purpose of removing thesulphur
isto reducethe sulphur dioxide (SO,) emissionsthat
result from using those fuel sin automobiles, aircraft,
locomoatives, oil burning power plants, residential and
industria furnacesaswell asother formsof fuel com-
budtion.

Refinersared sointerested in processesfor remov-
ing mercaptans (RSH) from hydrocarbon streeamsfrom
petroleum and natura gas. For example, agaseousor
liquid mercaptan-containing hydrocarbon stream may
be passed over theionic liquid by countercurrent or
other extraction procedure. Basic metal saltsdissolved
intheionicliquidsform mercaptidesthat are separated
from thehydrocarbon stream and oxidized to disulfides,
whichareinsolubleintheionicliquids.

Inupgrading the productsfrom thedistillation and
conversionof crudeoil, theremoval of sulphur atomsis
apriority, astheseare corrosive and harmful to theen-
vironment. The desul phurization of diesel normaly oc-
cursat 370°C, under a pressure of 60 bars, in the pres-
ence of hydrogen!¥. The sulphur atoms are stripped
fromthehydrocarbons and aretransformedinto H,S,
by combinationwithH,, whichisthentreatedtoisolate
the sul phur. Asthe consequences of sulphur emission
into theatmosphere are severe, refinersare under in-
creasing pressure to rethink and redesign their
desul phurization unitstolower evenfurther, thesul phur
content of fuels.

lonicliquidsas selective extraction agents of sul-
phur compoundsare nove and of increasing interest’@.
Infact, withinthelast few years; ionicliquidshave been
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used as an extraction solvent for the deep
desul phurization of oil refinery streams. Jochenand co-
workerd® have shown that lonic liquids demonstrate
selective extraction properties, especially with sulphur
compoundsthat are difficult to removeusing common
hydrodesul phurization (HDS), such asdibenzothiophene
derivatives. Added advantagesof usnglonicliquidsare
theapplication of mild process conditionssuch asam-
bient pressures and temperatures and al so, no hydro-
genisrequired. lonic liquids, [bmim][OcSO,] and
[emim][EtSO,], both of which are halogen freeand
readily available at areasonable pricewere shown to
be promising candidates.

In another study performed by Lo et. al.[ sul-
phur-contai ning compoundswereextracted from light
ionicliquidsby acombination of both chemical oxida
tion and solvent extraction using room temperature
ionicliquids[bmim][PF_] and [omim][BF,]. Theionic
liquidswerealso ableto berecycled and reused with-
out any lossin activity.

In apaper by Shuguang and Zhang'®, the use of
lonicliquidsinthedesul phurization processisdiscussed
— sulphur containing compounds with a C-5 aromatic
ring arefavourably absorbed over C-6 aromatics, while
sul phur-contai ning non-arometicsare poorly absorbed.
It was shown that the absorption capacity of thelonic
liquidsfor sulphur containing compoundsissengtiveto
the structure of both the anion and cation of the IL.
Adjustablehydrophobicity, polarity and selectivity prove
to befavourabl e properties over organic solventsused
for extraction.

Theuseof ionicliquidsfor selective extraction
of sul phur compoundsfromdiesel fuel wasdescribed
for thefirst time by Bosman et al .1 Provisiondly the
best results were obtained with AICI - 1-butyl-3-
methylimidazolium chloride (bmimCI/AICL) however,
the desul phurization rate was not high (85%). The
same authors have al so obtained better resultswith
thisagent.[

Deep desulphurization using achlorine-freeionic
liquid (anion is octylsulfate and cation N-octyl-N-
methylimidazolium) isa so presented®. Thisagentis
not as sengitiveto water asa uminum compl exes.

HEAVY OIL UPGRADING
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As defined by the U. S. Geological Survey
(USG9, heavy oil isatype of crudeoil character-
ized by an asphaltic, dense, viscous nature and its
asphaltene content. It contains impurities such as
waxes and carbon residue that must be removed be-
forebeing refined. In comparisonwith heavy ail, light
or “conventional” oil flows naturally and can be
pumped without being heated or diluted™”. Heavy
ionicliquidsare assumed to beresiduefrom formerly
light oil that haslost itslow M _componentsthrough
bacterial degradation, evaporation and water |each-
ing. Reservesaregenerally separated into technically
recoverable or non-technically recoverable. Techni-
cally recoverablereserves are known or estimated to
exist and technol ogies exist to recover them. Non-
technically recoverable heavy ionicliquidsarethose
that are known to exist but require more advanced
technol ogiesto removethe oil than currently existi*Y,

Heavy ail isahighly viscousliquid that isdifficult to
processand refinerequiring areductioninviscosity and
molecular weght for conversionto products®. Improv-
ing someoil propertiesasoil viscosity reduction and
increasing APl gravity are key propertiesto increase
thewells productivity index of heavy crudeail*¥, The
therma methods occupy animportant placeamong en-
hanceail recovery techniques, especidly inthe produc-
tion of high-viscosity oilsand naturd bitumen™@. Differ-
ent versions of thermal methods are used to upgrade
heavy crudeail, anong themoreimportant methodsare
steamdrive, cyclesteaminjection, steam assisted grav-
ity drainage (SAGD), conventiona fireflood, toe-to-
hedl airinjection process(THAI), aguathermolysis, and
down-hole catal ytic processes

Of particular interest in the current context isthe
potential for down-holecatalytic processesasdterna
tivesto reduction of viscosity of the heavy crudeoil
improving theoil quality insidethereservoir. For ex-
ample, usingionicliquidscontainingionssuch astriva
lentiron (Fe**) and hexavalent molybdenum (Mo®") a
variety of interactionswere observed during catalytic
aquathermolysi . Theresults showed that reactions
such aspyrolysis, depolymerization, hydrogenation,
isomerization, ring opening, oxidation, and esterifica:
tion wereobserved. It wasa so found that the former
caused more changesin theresin, saturated hydrocar-
bon, and oxygen-contai ning groups, whereasthel atter
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led to more changes in the asphaltene, aromatic hy-
drocarbon, and sul phur-containing groups.

Moreover, in order to combinein-situ combus-
tion processwithanionicliquid consstingonly of ions
of metdlic salts, theionicliquid should bedistributed
throughout thereservoir asadiluted salt solution. This
will result in upgrading the heavy crudeoil by anin-
creasein APl gravity, reduction inviscosity, and an
increaseintheamount of distillablefractionaswell as
hydrodesul phurization*®. Furthermore, ionic liquids
could beappliedinto thereservoir combined within-
situ combustion process using unconventional wells
in order toimprovetherecovery of heavy crudeoil,
producing an oil improved in-situ with lower viscos-
ity, being easier their exploitation, increasing the pro-
ductivity index inwells, and saving costs of transpor-
tation and refining at surface.

lonicliquidshavegood viscosity reduction prop-
erty for the heavy oil™. After reactionwithioniclig-
uids, thecontents of saturates, aromaticsandresinsin
theheavy ail increase, whilethe content of agphatenes
decreases. Thisleads to the decrease of the average
molecular weight and the reduction of viscosity of the
heavy ail. Thereared soindicationsthat meta ion-modi-
fiedionicliquidshavethecataytic effect on upgrading
theheavy ail.

Furthermore, heavy oil can be upgraded by theuse
of ionicliquids*®. Theexperimenta resultsshow that a
certainamount of sulphur in heavy oilsisbeneficid to
theviscosity reduction. Thereduction of viscosity by
theionicliquidisbetter whenthewater content of heavy
oilsislessthan 10%. The optimum temperatureto up-
gradetheXinjiang heavy oil usngtheionicliquidis65
to 85°C. The combination of transition metal salts and
theionicliquid can enhancetheviscosity reductionin
heavy oils. Theviscosity isreduced by 60% and the
asphaltene content isreduced by 78%. This suggest
that theionicliquidinteractswith the polar asphatene
condtituentscreating charged entity that isincompatible
withtheoil and separatesout leaving an upgraded (rdla
tively asphatene-free) product.

Oneof theissuesrelated to heavy oil processingis
the belief that the asphaltene constituents are aggre-
gated, even at the high temperatures used on the ther-
mal processes. Asaconseguence, ionic liquidshave
beeninvedtigated aspotentid inhibitorsintheinhibition
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of aggregation of petroleum asphdtenesusingnew ionic
liquidg®., Theionicliquids conjugate agood solubility
innonpolar environment with strong el ectron donor-
acceptor properties. Inthisstudy, 1-propyl boronicacid-
3-alkylimidazolium bromides and 1-propenyl-3-
akylimidazolium bromidesweretested. A lateral chain
contai ning either the boronic acid or the propenyl moi-
ety wassubstituted for the 1-methyl-3-akylimidazolium
bromide. The boronic acid isaweak acid but avery
efficient Lewisacid. It wasdemonstrated that the pres-
ence of the boronic acid moi ety enhancesinteractions
between asphatenesandionicliquidsand limits con-
Sderably asphateneaggregeation. Thelength of theside
akyl chainof theionicliquidisanimportant parameter
a s0. Theminimum length of el ght carbonswas neces-
sary to obtain steric stabilization of theionicliquid-
asphaltene complexes.

OlL SHALE PROCESSING

Oil shadeisafine-grained sedimentary rock which
containssignificant amountsof anorganicmaterid known
askerogen. The name oil shaleisamisnomer asthe
rock doesnot contain oil and oil isonly produced from
thekerogen by pyrolysis. Pyrolysiscan convert thekero-
geninoil shaleinto shaeoil (also known assynthetic
crudeail). Theprocessinvolveshegtingoil shde(ingtu
orinasurfacefacility) to sufficiently high temperatureto
yieldthepetroleum-likeshdeail.

Kerogenisamixtureof organic materid, rather than
a specific chemical, and as such cannot be given a
chemical formula. Itschemical composition canvary
distinctly from sampleto sample—labile kerogen breaks
downtoform heavy hydrocarbons, refractory kerogen
breaksdownto form light hydrocarbonsandinert kero-
gen formsgraphite®. Understanding the exact chemi-
ca composition of the specific type of kerogen®! (Fig-
ure 1) obtained in ashaesampleiskey to thediscov-
ery of nove solvent sysemsfor itsdissolution. Theol dest
and most well known method for the processing of kero-
genispyrolyss, whichisnecessarily an energy inten-
sveprocess? Assuch, dternativemethodsto solubilise
kerogen at ambient or near-ambient temperaturesare
of interest. Investigations performed by Mironet. al. [
Hues et. al.*? and Nomura et. al.”® looked at the
processing of oil shaein molten salt media. However,
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most molten sdtsareliquid at very high temperatures
and offer little advantages over traditiona aqueousand
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Figurel: Van Krevelen diagram showing typesof kerogen
and pathwaysfor generation of methaneand dimination of
car bon dioxideand water during coalification. Liptinitecor-
respondstotypes| and Il kerogen, vitrinitetotypelll, and
inertinitetotypel V. M odified from L evine (1987).

0.15

organic solvent systems.

Theextraction of aparticular component froma
mixture consistsof several steps, whichincludes sol-
vation by the solvent, desorption fromitstethered po-
sition and transport into the bulk liquid®. Classical
extraction of kerogen using organicssmply solubilises
and does not alter chemical properties— the latter
being desirablein relation to separation of useful prod-
ucts. Inoil shae, kerogenistightly mixed with minera
matrix, but demineralization doesnot alter kerogen
solubility!?. In the case where solvents, such asionic
liquids, are able to break bonds based on electron
donor — electron acceptor interactions and hydrogen
bonding, at ambient conditionswith minimal noxious
gasemissions, isof interest. lonicliquidsand molten
satsdo not only impose chemical modificationsto
the oil shale, but also acts as athermal agent. The
mechanism of solvationinionicliquidshasbeen shown
to bedifferent when compared to typical molecular
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Figure 3 : Synthetic scheme showing synthesis of ionic
liquids?
solvents (Figure 2)1,

Assuch, thetunable propertiesof ionicliquids be-
come advantages by allowing the creation of atask-
specific solvent for the sdl ective dissol ution of kerogen.
Therearepotentidly over tensof thousandssmpleionic
liquids, but fewer than one thousand have been re-
ported®. There have been only limited studies per-
formedinvolvingtheuseof ionicliquidsfor oil shale
treatment. In 1978, Bugle and co-workers®! reported
ontheuseof aeutectic of ethyl pyridiniumbromideand
auminum chloride, which hasLewisacid-base proper-
ties and acted as a base in the dissolution of Green
River oil shale. A conversion of 58% of organic carbon
wasachieved at 320°C, and further investigationsre-
vealed the process was not driven by pyrolysis. The
mechanism of degradation seemed to involveamode
of intramolecular disproportion catalyzed by the
tetrachlorod uminatemdt’s ability to stabilize the resulting
short-lived intermediates until the macromoleculesin-
volved have been sufficiently reduced insizeto become

> Rev/ew

solublein conventiond solventg®Y,

Theuse of new solvent systems, suchasioniclig-
uids (lonicliquids) and supercritical fluids (SCFs) di-
versfiestheavailabletechnology for the processing and
extraction of oil shale, thereservesof which arevast,
being many timesgreater than the provenremaining re-
sources of crude oil and natural gas combined®2. Ina
study performed by Koel. et al '* thedissol ution and
extraction of the componentsof variousoil shaleswas
investigated, using supercritical fluidsandionicliquid
treatment. Theorganic part of oil shale, kerogen, isgen-
eraly of importance. Theionicliquid wereableto ex-
tract organic compounds at 175°C from kerogen in
amounts 10-fold greater thantheusua organic solvents.

Inanother study performed a the University of Sus-
sexi¥, kerogen wasshown todissolveintheacidicionic
liquid, 1-ethyl-3-methylimidazolium chloride/
aduminum(lil)chloride, wherethemolefractionof AICI,
was 0.65. Dissolution of up to 95% of the kerogens
occurred and treatment under microwaveirradiation
improved the process. Microwave heatingimprovesthe
energy efficiency inthe production process, because
thereagentsare directly heated instead of heatingthe
reaction container, asin conventiona methods. Direct
heating improves energy transfer and thusreducesthe
amount of energy used for heating™.

IL’s containing chloroaluminate ions are strong
Lewis, Franklinand Brensted acids. For example, pro-
tons present in 1-ethyl-2-methylimidazolium
tetrachloroaluminate, [emim][AICI ], havebeenshown
to be superacidic with Hammet aciditiesup to -18.
Such highly acidicionicliquidsare, nevertheless, eas-
ily handled and offer potentia asnon-volatilereplace-
mentsfor hazardous acidssuch ashydrofluoricacidin
severa acid-catalyzed reactions®!. The disadvantage
of such ionicliquids however, isthat they are very
moisture-sengitive.

Koel and co-workers?”! looked at the solvation of
oil shale using 1-butyl-3-methylimidazolium
hexafluorophosphate{ [omim|PF ]}, whichisrelatively
moistureinsensitive (but subject to hydrolysis) and the
1l-ethyl-3-methylimidazoliumchloride-
aduminum(lil)chloride{[Bmim]Cl-AICL} system. The
hexafluorophasphateionicliquid wasapoor solvent, with
better resultsbeing obtained with thechlorod uminateionic
liquids. Withthelatter, anincreasein extraction tempera:
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tureincreasestheyield of solubleproduct.

Therefore, thedesign of anionicliquid possessing
Lewis acid properties, but which is air and water
stable, has a high decomposition temperature and
possess the anion/cation combination that isableto
selectively dissolve kerogen will bethegod of future
studies. The ability of these room-temperatureionic
liquidsto beeasily reused and recycled will expand
ther portfolioinbeing excdlent candidatesfor oil-shde
solvents. One must takeinto consideration however,
thetoxicity of ionicliquids® and the consequences
of potential leaching into marine eco-systems. Mor-
tality and perhaps moreimportantly, how ionicliquids
alter lifecyclesof the biotamust befully understood,
before usage becomes aredlity.

CELLULOSE PROCESSING

Cellulose[CH, O )n] ispolysaccharide consist-
ing of alinear chain of severd hundred to over ten thou-
sand f(1—4) linked D-glucose units. Celluloseisthe
structural component of the primary cell wall of green
plantsand many forms of algae. Celluloseisthe most
naturally occurring polymer exigting on earthand assuch
isthemost abundant renewabl e resourceintheworld—
approximately 33% w/wt of dl plant matter iscellulose
(thecellulose content of cotton is90% wi/w and that of
wood is 50% w/w). For industrial use, cellulose is
mainly obtained fromwood pul p and cotton. Itismainly
used to produce paper and conversion of celluloseto
biofuels (such asethanal) isunder investigation asan
aternaivefud source®”.

Inaddition, lignocellulosic materia shavebeen pro-
posed aslarge renewabl e resourcesfor chemicalsand
sugarsto reduce society’s dependence on nonrenew-
able petroleum-based feedstocks®”. Lignocelluloseis
acomplex matrix combining cellulose, hemicellulose,
andlignin, alongwith avariablelevel of extractives.
Celluloseiscomprised of glucose, asix-carbon sugar,
while hemicelul ose containsboth five- and six-carbon
sugars, including glucose, galactose, mannose, arabi-
nose, and xylose. The presence of celluloseand hemi-
cdlulosethereforemakeslignocd luloseapotentid can-
didatefor bioconversion. Theability of the bioconver-
sion platformtoisolate these componentswasinitially
limited, asthewood matrix isnaturally resistant to de-
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composition.

Thefull potentia of celluloseanditsderivetiveshas
not beenredized dueto thehistorica shift to petroleum
based polymersfromthe 1940sand the limited number
of existing solventsfor dissolution®d. In 1934, cellu-
lose was shown to be dissolved in molten N-
ethylpyridinium chloride, in the presence of nitrogen
containing bases®). At thistime, the concept of ionic
liquidsdid not exist, so as such experimentswere not
revisited until decades|ater.

Recent research hasshown that ionicliquidscan be
used asnonderivatizing solventsfor cellulose. loniclig-
uidsincorporatinganionswhich arestrong hydrogen bond
acceptorswere most effective, especially when com-
bined with microwave hegting, wheresslonicliquidscon-
taining ‘non coordinating’ anions, including [BF,]-and
[PF]- werenot solvents. Chloride containing loniclig-
uids appear to bethe most effective sol vents, presum-
ably solubilizing cellul ose through hydrogen-bonding
from hydroxyl functionsto theanionsof the solvent!?,
Employing acombination of NM R methods and mo-
lecular dynamic smulationson severd model systems,
Moynd* hasshownthat N, N’-dialkylimidazolium chlo-
ridesdissolves carbohydratesthrough near-stoi chiomet-
ric formation of hydrogen bonds between the sol vent
chlorideionsand the solute hydroxyl groups. Thepres-
ence of water in[bmim][Cl] wasfound to greatly de-
creasethe solubility of cellulosethrough competitively
hydrogen-bondingitsmicraofibrionicliquids, and assuch,
cellulose can beprecipitated fromthe L by addition of
water, aswell asethanol or acetond“?. lonicliquidscan
berecovered and reused, using various methods such
asevaporation and reverse osmosis, after cellulosere-
generation®. Thisgreen processing of cdlulosewill open
avenuesfor itsderivatization and production of energy
sources, suchasethanol aswell asimportant chemicals
suchasethylene.

METHANOL PRODUCTION

Methanol (methyl acohol, CH,OH) isafuel typi-
cally derived from natural gas, but which can be pro-
duced from the fermentation of sugarsin biomass.
Methanol wasorigindly recovered fromwood asaby-
product of charcod manufacture, and wasoften called
wood alcohol.
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Methanol isacolorless, odorlessand nearly taste-
less alcohol and is also produced from cropsand is
also used asafue. Methanol, likeethanol, burnsmore
completely but rel eases as much or more carbon diox-
idethanitsgasoline counterpart. Thebaanceisoften
seen asthe various bi-processesthat draw carbon di-
oxidefrom the atmosphere so thereisno net modern
release, asthereisfor foss| fuels.

M ethanol and other chemicalswereroutinely ex-
tracted fromwood in the 19th and early 20th centuries.
However, theorigind routefor methanol recovery from
biomasswasquitedifferent to current routes. Pyrolysis
(heating wood in the absenceof air) to above270°Cin
aretort causesthermal cracking or breakdown of the
wood and alowsmuch of thewood to berecovered as
charcod. Thewatery condensateleaving theretort con-
tained methanol, amongst other compounds.

Sincethe 1970s, the use of homogeneouscatalysis
(usingtrangition metd complexes) for theconverson of
natural gastoliquid productsunder mild conditionshas
gathered much interest dueto considerable scientific
andindustria significance*!. CompoundssuchasPCl,
or PtO, arenot often used in homogeneous cataysisas
they areinsolublein organicsand agueous solvents, and
evenin concentrated acids, dthough someof themhave
been used as heterogeneous catal ysts

Inastudy done at The Power, Environmental and
Energy Research Center, Cdifornialnstitute of Tech-
nology in 2006, it was found that many of these Pt
compounds could bereadily dissolved in avariety of
ionic liquids upon heating, and were subsequently
solublein concentrated sulphuric acid, forming aho-
mogeneous sol ution.

Suitable lonic liquids found so far include
imidazolium, pyridinium, pyrazolium and triazolium-
based examples, with chloride (Cl°) or bisulfate (HSO,
) astheanion. Analysesby *H NMR and GC-MSon
the crudereaction sol utions showed that theonly liquid
products derived from methane, if any, weremethanol
and methylbisulfate (CH,OSO,H).

All Pt species investigated (PtCl,, PtCl,, PtO,,
K,PtCl, andH,PXCl ) could exhibit significant catalytic
activity depending onthenature of thelL used. Inthe
caseof PCL, +[1-mim][Cl] in96% H,SO, amethanal
concentration of 0.17 M wasdemonstrated, which was
about 5timeshigher than that for (bpym)PtCL*.

> Rev/ew

Using lonicliquidsinthehomogeneouscataysis of
methane to methanol conversion not only acted asa
dissolution mediafor the otherwiseinsoluble Pt saty
oxide, but aso played akey rolein promoting platinum
reactivity, possi bly through coordination and/or inter-
molecular interactions. Thisversatilemethod could aso
be used in other chemicd reactions.

In 2007, the United States Department of Energy
—Energy Efficiency and Renewable Energy, embarked
upon aninvestigation into the development of ioniclig-
uids which seeksto replace all of the sulphuric acid
reaction mediawithionicliquidsinthedirect conver-
sion of methane to methanol (US Department of En-
ergy, 2007). It is predicted that by 2020, the energy
savingsfor thistechnology could be ashighas 30tril-
lion Btu per year for liquid acid dkylation alone.
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