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[ 0001] Thiwoapmisemki on cl ai s the benefit of United States/uBeaziosizasnal

Pat ent Application No. 61/492,755 filed on June 2, 2011 and incorporated
herein by reference inits entirety. FIELD OF THE | NVENTION [0002] Thi s
invention relates generally to mat eri als and net hods for controlling
vasculo esi s us for S bui | di n s _of col tr|x
var' ous MATERIALY A8 R W OB QR CBAIR LIS L8R Ty D erN 8 OE

(ECFC) . BACKGROUND £0003]Inpa|red vascular
perfusion is a contrilNDOTHELIARCQLONYK EFORMING CEREISudi ng peri pheral and
cardi ovascul ar di sease, failure of tissue and organ transplants, and

i npai red wound heal i ng. The devel opnment of a functional vascul ar network is
necessary for devel opnent of clinical scale tissue replacenents to treat

t hese di sease states. Due to dipRporRITY®IELIMANd injury there is a need to
pronote the grow h of new vasculature both 1n vivo and in vitro. Wen

L SsuGopd P! s ARKALRIRE Liaifth HE bohdtie dVOnitld SllYpbAsioh APl ASBRAARNT of

a pati ent t here e a variety of circunstances un
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functional vascul ar network is a major problemlimting current tissue
engi neering strategies targeting repair and regeneration of damaged or
di seased tissue. Recently endothelial colony formng cells (ECFCs) have
been shown to vascul ari ze aFINBD OF JHE IN¥YENEKEINol d in vivo. SUWARY
[ 0005] I n one enbodi ment, a process for solubilizing an organic solid
cont ai[M@IR| W tThid aneatPoStd&cdrbid@iciallly itoCmagkiriags aahdorgénods sfok i dorarudlign
inorganic matrix may include contacting the conposite material wth an

oxi daRbsdyloRHAG NEAL &8r \é’ﬁﬁrﬁﬁlet RriObH AR %‘I’d&@lb? CHISEA BraGRDF DL Gellat €aST
one sol ubi T zed organi c sol ute. % ]I'n some” enbodi ments, the

process Y t her l nposite materi al and
conblﬁ(“%%jﬁ&&&aggep%ggéﬂﬁgOBH ﬁﬁ£ﬁ%%§e¥kgﬁF§fth water to forma slurry
prior to contacting the conposite material with the oxidant in the

super heated water. [0007]1n sone _enbodi nents, the oxidant is nol ecul ar
oxygen (02), wherein the nol ecul BACKGROUND supplied by any known net hod
of supplying, producing, or separating nol ecul ar oxygen from any known

mi xt url8003h animifagrech vasowlat ipeifusing iexangingsbutdr fretrhrngys dofasebstaicsni nylulisgippl vy
of nol ecul ar oxygen include: in situ deconposition of hydrogen peroxide;
fract iperipherali sid khdidvascutdr dib@wef fafldreanf tisglcedid olgaai Barsplandl and itnpainss er
froma stored oxygen supply; nenbrane separation fromair; and any

combi Rafin@mehineY. a8t dclA9RRI D raquRcRIROG BTt %twshasqlfae@%ytfa ARLRphRht MRY

be selected fromthe group consisting of coal, bitum nous sand
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conposli t e I'TB.

injury there is a need to promote the growth of new vasculature both in vivo and in vitro. When
tissue is being developed, either in vivo or in vitro, for the treatment of a patient, there are a
variety of circumstances under which it would be very useful to be able to control the size,
shape, bio-mechanical and biological properties of the tissue being developed. Development of a
functional vascular network is a major problem limiting current tissue engineering strategies
targeting repair and regeneration of damaged or diseased tissue. Recently endothelial colony

forming cells (ECFCs) have been shown to vascularize a Type 1 collagen scaffold in vivo.



with the oxidant in the superheated water within a reactor, wherein the
conposite material, oxidant, and superheated water are maintained in a
non- gaseow® 2ptrase2sto i nhibit the formati on of a head space/useaiom7dhe
reactor. [0010] I n sone enbodi nents, the process may further include
chilling the agqueous m xture to a tenperature of about 20 C

[ 0011] Addi ti onal objectives, advantages and novel features wll be set
forth in the description that fol |l gumMARW || become apparent to those
skilled in the art upon exam nation of the draw ngs and detail ed

descr i pti on whjows] f ol oMSermBRIRRNDESHBLESE oM FhviTiky BROWANES:Ai0012] The

followng figures illustrate various aspects for a Frocess_of pr.oduci ng
organi c PRDEMeS wWithi pegmpesis M@iarial Bckdiosmerpaaic sglidand ap iniIfiecess.

[ 0013] FI Gyatdx H%i/%(ﬁ&ﬁbeé%tté&in fth@Bo béit%tr%y%rigb/ﬂiw&g@kig%t idisgs&hhteqn (OHD)

process; WO 2012/167252PCT/ US2012/ 040746 [ 0014] FI is a schematic

i 11 ust r atwaier tofforan geAnURISMiXGE SOMPESIB] AblgesiMessaltliiredegaiopoluest i ng and
eval uation of mdg‘rég)qﬂ 36 BRodIkh i Eg)césé el férﬂ%b‘??ﬁééﬂ{/d;ﬁ BlietAdAL f on of

a continuous react or system used r testrng an uat1on”of the
OHD pr oc dlsss corppQsi @] riratBrialanidscombainiag thecioutpetized gotrine sidamateriat withiwaiterg af t er
the proc i it usil sl ) . . renoval ;
[0017] A 60 Refigh Bl phf o BB TR0 the Gl el v R SRR 3ot Tt
pr ocessi sgpedeagdivatee nmet hods of carbon renoval ; [0018]FIG 6 is a graph

sunmmarizing r s of a GC anal ysis af ar.ganic products noved from
ot um nous ezl B sinerstRaFaY 3he ot BRIl SR 51 he G

l'i quor usihegeinetdpiotsnalac bkpgende supfliRUByFrG kndwinsmethgd apbursiyimar | zi ng
results of GC- M5 anal ysi s of organl C lE)roduc s renoyved .fro}r,n{bltum nous

sand usi PEPHFEHE HRATBUIARGCSHRT XNICBIRATY BRPW MPRWEABNY {YTor usi ng
et hyl acelatienitibh@8x&hpkbSof fetrfode of bBRIMISYERBHHIF ioRtholeRsidr bsyddn iaciGie:MB

anal ysi s of organi c prodycts renmoved, from bitum nous sand using an OHD
ot hod oS ASTERAE G hy PR PBrOing: BRCArahENE R WGBS BT 0021] FI 6. 9
i's a grapfecheRRRIdf M6t fresstbt orffa Rore-drg@nalpph); méthbrahg 8BpSraféwduct s

renmoved from bitum nous sand using sol vent extraction with nethyl ene
chl ori de;roppagANE agy comiiratiendheihl- sunmari zi ng results of a GC-MS anal ysis
of organic prashee]s NEEMMEEntoaMdits YRt BOMBoSiRNHatefaNdaPyé QbKeled:; _
[0023]FIG 11°is a total 1on chromatogramillustrating the distribution of

pr oduct s fops ewaaumgoristiag-afsoalnbitysingus sanst, gamosagragisbels. pe@eRed from
[1linois rﬁ%#e H‘%lré}g an OHD net hod;

[0009] In some embodiments, the composite material may be contacted
with the oxidant in the superheated water within a reactor, wherein the composite
material, oxidant, and superheated water are maintained in a non-gaseous phase to
inhibit the formation of a head space within the reactor.

[0010] In some embodiments, the process may further include chilling the
aqueous mixture to a temperature of about 20° C.

[0011]  Additional objectives, advantages and novel features will be set
forth in the description that follows or will become apparent to those skilled in the art

upon examination of the drawings and detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The following figures illustrate various aspects for a process of
producing organic materials using an oxidative hydrothermal dissolution process.
[0013] FIG. 1is a schematic of an oxidative hydrothermal dissolution
(OHD) process;



[0024]FIG 12 is a multi-ion chromatogramillustrating the distribution of
maj or al i phatic products observed by Py-GC-Ms anal ysis of organi c products
renmoved fworeid/ier2s0i s coal using an OHD net hod; [0025] FIPGI/UB301284E46
multi-ion chromatogramillustrating the distribution of benzoic acid and
nono net hoxy benzoi c aci ds observed by Py-GC-MS anal ysis of organic
products renmpved fromIllinois coal using an OHD net hod; [ 0026] FI G

14 is a singl gpg1ap chw@@rs%gécafémét.bwsfraﬁdm&é&amdéﬁfnhu&sfstmm Riackgnzene
di carboxylic acids observed by Py-GC- M5 anal ysis of organic products

removed fY8iRM Ysadfer ?Sﬁ'ﬁﬂaﬁn%Wﬂ@at@ﬁ ditrs RECh@ceso
20121 167252PC345R01 PUOURABS RATE Al Graidh oy @il o fcAgFRL 0gr am

illustrating e distribution hi opene car boxyl ates and di car boxyl at es
obser ved sy§temyused-fvsteating grd gvaiuatmngérhhe;obm)@r@@e%s removed fromIllinois

coal using a”[@g‘@h”ﬁ‘ Fheds i sl[agﬁ%g%':é{ﬁﬁe ré&d"r%'n‘?auﬁuﬂ@aﬁ@hﬂ@at ogram

illustrating i stribut enzenes an I met hoxy benzoic
aci ds obgeeassdingyf PifurGDoNSsamabising threé rrmﬂgfamcnfcperretm)valermved from

I11inois coal Hqﬁugtgr qﬁ?re{?nt 263@? of bltu[’ﬂ? cﬁJ%]s%hg‘sa%%tléssoe%% é?%' e ion

chr omat ogram ing t t1on of "benzene™ 11 carboxylic acids
obser ved dftgr PyocesSiMdgusing khrse mabrhodsrcga:arhbnpenubuelt s removed fromlllinois

coal using an me [0030]FIG 18.is i omat.ogram

[ Tustratng O8NS IR isecoragp Shimering e Bkl A SaraS ABBL T "ac ds

obser ved dayariy pfaGu s rema{/y(}?ermetuﬁﬁgﬂlSIsanﬁruﬂdgCHrSOHBrmmhddfahdmblvbhi noi s

coal usin 031] FI 19 is a multi-ion chromatogram

i |l ust raﬁgH@ntloﬁ‘ Q&h%bﬁ%btﬂJ%HS'B "ﬁqc)?hﬂﬁ%? ﬁWS?VdEbenzene di carboxyl i c acids and
unidentified pralpgs Fﬂbﬁers\éﬁg#abbf sinHarivingaBalinesdfsa @C- MS%QIy@sFUTOdUCt S
renoved fromlllinois coal using an OHD nmethod; [Q032]FIG, 20 is a single

i on chr orfE9YS BIPdHFE e TPYR] ﬁ@mt%W%rﬁaﬁgﬂﬁ@ﬁ %‘TOHQ ghed @ad selvert boxyl i ¢

aci ds Ob%&frg&%ntbfﬂ%/oq@)|l}%o@.[]glhg%lt@| afetgfegani ¢ products renoved from
[I'linois coal usin [0033]FIG 21 is a multi-ion

chr omat ogr am [Qq219!;t r K% rByistehgragh strmizingirestits qfiagEHMR PnBais@hes and fur an
i car boxyhigniabloiscRRE YRS UM ABRKNS h OFoRHaRggrpr oduct

renoved fromlillinois coal usin [0034] FIG 22 is a
t ot al |orevamr@m$igmalng|orwaarffr@m g QMR liguer ri buti on of products observed

by Py-GC-M5 a IS o (conifer)

| i gnin using Qﬁi D rﬁgahsg%%a?%gg%@%&%g rlsgmf’q?ot%?m('%%;‘%% o%t ogram

i I'I'ust r atorgapic proddttstreinbued somdifituprinasciaed cispgrspb@nboxtRCATWIB anal ysi s of
organic %&H@%ﬁécﬁl? ved from banboo using an OHD nmet hod; [0036]FIG 24 is
a total ion roma ogram illustrating the distribution of products observed
by Py-GC- M5 afi2g}i s Fod. ‘t!r|gamreplp)smaiuﬁnzmgeeml&d)ffar@@ql\tt&labahyae@tbus shal e

usi ng an OHD ”&Odt;s% 456 t25 is at onlchromatogramllIustratlng
the di st UG BIRIBFS SPOGYE 0'86%8%0&3&?”%;}‘3@@%0&?@ ysis of organic
product s renopeoR3| r oFIG.udlas actarae|dmagma@metogmmgluamatagahmtéthuonWD

o0 o TRk el ) BB MRS bor GiGani® pfodloRASmevBl ot fingis” 1! ©
coal using an OHD method;
[0024] FIG. 12 is a multi-ion chromatogram illustrating the distribution of
major aliphatic products observed by Py-GC-MS analysis of organic products
removed from lllinois coal using an OHD method;
[0025] FIG. 13 is a multi-ion chromatogram illustrating the distribution of
benzoic acid and mono methoxy benzoic acids observed by Py-GC-MS analysis of
organic products removed from lllinois coal using an OHD method;
[0026] FIG. 14 is a single ion chromatogram illustrating the distribution of
benzene dicarboxylic acids observed by Py-GC-MS analysis of organic products

removed from lllinois coal using an OHD method;



organi ¢ products renoved from bitum nous sand using an OHD net hod and
evaporative stripping of water fromthe OHD |iquor; [0039]FIG 27 is a
graph sumwaroeimwgeseesults of a GC- M5 anal ysi s of organi eCprusdueigo7aenoved
from bi tum nous sand using an OHD net hod and sol vent extraction of the OHD
| i quor using ethyl acetate; [0040]FIG 28 is a graph sunmarizing results of
a GC-Ms anal ysis of organic products renoved from bitum nous sand using
pyrolysis; [Oggbblrk! GFIG@915 i& mglﬁle%mmgramnmaeﬁh@ tre @étriButider &S anal ysi s
of organi c products renoved from bitum nous sand usi ng an OHD rret hod and
evapor at ithierene ¢35ppxdates ang disargoxyistasbsersddydioEC-Y ysis@f 30 is a
graph sURRic bRAUERSENbYeRfof IFoMEoaNAINPAS ORID BloRl C Product s removed

from bi tuni nous sand using a and sol vent extraction of the OHD
liquor using EOPBl abésatteis cesinplg GouAremaiogaamiilkistatincaiph disimbrdion 2if ng
results qf - nous
sand usi gjg %tyrggf %Zyﬁg%aﬁj”&} s%éoHn {%‘9&2 eS%(ra\{]e?e charGfg:!tgle@rs )’r%ggl cate
cor r espordiorggne modutts removey frcm't INrzi$ oosl usingvas @HDtethddawi ngs. The

headi ngs used e scope
of the clai ms[d(%gi' EE‘)%%%@%&% ‘f’ﬁ@%gfaﬁh@ﬁ%{éﬁ dtﬁbgje%th@t'tgnéjzner ally
to net goiﬂmnménm’modnboxylg: amafjseurbsea@ldtﬂylla/ Gmgﬂwrfarllyfs(rjmﬁgengz{gampmdﬂoia ;:Is ufsl ?ﬁ
an oxi dative na i ssolu nmet ho rtain aspects o e
a0 et ot are BB DREERoa TR s PHE B Bhop 1 car i on: Numbor
PCT1US1012388f0030Mi cFIG.st &ueraedbrygle n‘nmasrpamato@cbm NIustrstnﬁjwmerd@trybmehejf n.

[ 0046] As descri bed herej term'bio ut not limted
oo ot e Bory Rerrenp e is SGES ohsreohy by dae S Brivsis obpigeBtn and

car bohy dippéR&tStephbvad f@?@ﬂl%ﬂﬁco@'ﬂd3|ﬁglgaf@-|Dtrﬁeﬂﬁ§d shrubs and grasses, corn,
and corn husks rrunl Cci solid waste includi n@éﬁmat eri aI s related to waste

that is nor na[qq; di sp e@ '§fa rBy't'd%afﬂfamaéO%?mr' Ur@eng e digler¥angf unit s,

COMMeEr Ci %or%?ﬁélﬁéiy%ﬁ?ﬁ@hé d@;@ﬁbdx?lﬂ:b@élds’ancphtﬂﬂ&ﬂﬁleh'aﬁBIon obbaéved by ipc! udi ng
starch, gar protein such as corn, e%r ains, fruits and vegetables,

branchesG eealyeaﬁfe@rgaelﬁ@r@qu%@mov dross flnois 6qal psingendNBPs, grai ns,
grasses, jgpbgceous crops, |eaves, bark, needles, |ogs, roots, saplings

short rotation woody crx}S shrubs swi t ch grasses, 5 trees, vegetables,
vi nes, hard abl@32bft Fifeotksis wwﬁulcm @mmetqgaareﬂlluatretlrz;aetherdgﬁtwttpnmfn

agri cul teile JEH @%ﬁ%%ﬂ%x}zﬂ%d@é B&efw@d%rfﬁ%@@ MPEESLiY o bﬂubi}r Ch as
forestry wood waste gl n br onmass and/ non-vi rgi n bi |nc d| ng
agri cul t wembvéx omdlinois coaterstigdn OHFametwd; const ructi on and denolition
debris, paper db r t. S 0Q47] As used
herein, the t oro%n% aqﬁg%gzsl '?’n% r?BIn\AQr?ghroﬁ%\f\()nc_ﬂgr% '”us‘r?a %h%e%%tgﬁ%@(nt(ﬁfe of one
or nore Snu’nemamcbenz(@eblahdsl)radldﬂmbcs«yhb atitieobseaveéd by Ryd&>GIMS3 boalgsis quantity
of dissol nmedi sol ve 048 used i e term "conposite
mat eri al *° 8 nfe %ﬁﬁctér%%%ﬁfﬁ?m&' R ﬁbjsg\p% HB ﬂt’shf)gt uent materials of
di fferent phypo034] OFIGmr‘s(aabtaMdmpﬁfrcbme&gm dlhsirraatnf@ltheﬁanwlﬁlbe oénd
distinct in , the final r. , th onposi t ial may
Mol ude. AOBIAGRRRIENERS BeP RN piir Bt proffoc RN A Flesdly ar ot hos el
Di ssol ut ivisdd (CORIFED) ITheh GXilky gﬁtj}qyimemddjdes contacting an organic solid with
an oxidant in_a _reactor containin erheated water to format | east one
sol ubi | i zed o[%“ﬁ ngﬁ 1#A&'S argial I'Og‘a‘z‘ﬂ"g Atograsm ke stiing t @'1?1(%1 ISRRUIBROf ecul ar

st r uct ur @refuctdEoRINGRIMEPEEICG-S dHIFds ¥odthaniebRgiustsSenitbd Rensol ubl e in
water, into | ower nol ecular wei ght Tragnents. These | ower nol ecul ar wei ght

f r agment $2gMe0HINGANOHR Mated; These water-sol ubl e fragments are referred
to as dissol vashpf 0ARIG. AOkiBial R AROMERGFRTIASRAT, the biskHULBh o zed
organic solutes. The solubilized fragmentS can then be used as raw

mat er i al Pro@Icts/ehsesss @h@hﬁ%MSp@raﬁi&sefsoreama@erL@tﬁ rgnioyed §om n one aspect,
if the SQ:'aPAHnIaEé&% JHa‘?&Us’?Hé gn@ c?srsétg ved carbohydrates such as | ow

nol ecul ar wel ght sugars or~ oxi 'ow nol ecul ar wei ght sugars, the

di ssol ved car fﬂﬂWiHraFe@ 2btaip abteteﬂ mnmi‘mreato'gtﬁrprlloatn@tmgdhedlw&mtlon ofised in

ot her pr C -l imting
exanpl es%(? o‘r?ég%éls%c soﬂﬂyﬁgc%u@%ﬁél ng &b%@{eg%&%{.&uﬁgﬁovgg fret hod

i ncl ude ©aat pahassemsmgugn Oatiimethogni te, kerogen b| onaess, and solid organic
wast es. Bi omass, as defined herein, refers to biological material derived
fromliving organi sms and includes, for exanple, plant-based materials such
as wood, grasses, and grains. For example, a solid organic waste may be
waste plastics. Coal, for exanple, has a conplex, high nolecular weight
macr onol ecul ar structure made up of nunerous cross-linked aromatic and

ali phatic sub-structures. It is believed that coal is insoluble in water
pr| marily because of the extent of Cross- I|nk| ng present bet ween different

oy Y " o o, o - Y o



structural elenents in organic solids breaks the structure into snaller
sub-structural units. For exanple, coal nay be converted into a new product
wi t h nodiwDediypfeyxsecal properties using OHD net hods. | npragdiseéiangorahre OHD
met hod may be used to convert bionmass into soluble organics. For exanple,
bi omass contai ni ng cellul ose, hem cel lul ose, and/or lignins may be
converted into di ssol ved | ow nol ecul ar wei ght sugars or oxidized | ow

mol ecul ar wei gate 26084 g%}bbﬁ?%urﬁﬁ%@uﬂ%%sdl@%’?%]J@%Qéhé‘@ﬁ’s ofan be any
oxi dant capabl e oxi di Zldl'% organic solid, including but not limted
to nol eCtﬂr%”"bRWéﬁtS(r@@PVG @M pitgmifousfiaad Wiskg %k@ﬁ@rfna@oﬁﬁném dant avoi ds
t he use @vaﬁé‘r‘éhb&stﬂﬁbﬂé%ﬁ‘@até%ﬁt%CP@I‘.‘)”BG nates, chromate oxi des, or
organi c peroxides t harnful to 'thé environnent or expensive. The
mol ecul ar oxy %y Fife %Yulpm greph 5ymmylzmacmwlt$etf AdeCoS anplysigiohg,

pr oduci ”%T éH.c ?r%%ﬂ&t@tréﬂﬁg &Ph&@%tﬁ r%ébé%%ﬂd g‘eﬁ‘t @Hbﬂﬂ&fﬂo&“a’ﬁh‘é@ﬁleh any
form Non i ng exarrp es 0 obtaining a supply nol ecul ar
oxygen i mtrac@n afihes DHD litpoo opiogiethybacetbtehydr ogen peroxi de; fracti onal
distillation quef [ |ySi 5 roma
stored oxygen supLI y,% ée}r?o'g an%ra@]n gg']tngt%r%ﬁg??%rﬁs\ﬁ%%%n“&é %ﬁgl&lgér%fgl nation

t her eof . oNgami¢ productsgempeepfres bitumsnousadaind usingrpgdolgsis;gen suppl i es include

pressurized o t The additiaon .of t t he su er heat ed
hater i nor eas bl PRE o F HaRberbnBrhg PR B 3 ahaisE Bonver st on
of the oroggaricpalctd remowd tnbnnlbutzleﬁhqtfsmudmtng[EQO@BDTrhethbe@ntj| on nedia in
t he OHD net hod mag be su vwraégb havi ng a tenperature from about 100
Cto abom?t"a@(?rﬁ’t't? tf'Hp'Bgﬁ’ Wt? iU super heat ed water may have a

tenperature rﬁmmzmg ﬁ@mwtbet@raaﬁ)@u@nta@zmgouéult%wa(ectn@@%\abl Kigopressure in
t he reactor pecified to be sufficient to naintain the water in a

liquid sto5ganig REOPHBtétreW@Y?Q frPrBé%tUWﬂ%JSa?aﬁgélsb‘ﬁaaé‘e?HDT"H%thBFi@@Q&Pb’eﬁ‘ay range
from abowktrd@bnkdtand bHD)lF’cﬁfo@ehmgte%ﬁaeétbteZan&/Pa (rregaPascal) in one
enbodi ment. In other enbodi nents, t'he pressure may range from about 1.5 MPa
to about 17 VERP434nd FiG oth i8tsaaraph sumpiriziegapeile Oie 1S #Ralysis ofs

“hydr ot hey; 485t dvePHOGIMEAiIsH s Wahar fesiglsed i nterchangeably
t hr oughoutrégt%ltltce&@pemsfrlé@at/? on. [0054] WSt houtusg]gﬁ}nyr ?slm ted to any particul ar
theory, it i s[Q%Mt ev &@reppendingerefxepaes chﬁia@e@dnd@aateu@rresmnd‘l@g:e reaction of
t he oxid ThHe i
suffici en h{bﬁﬁqﬁgg@@ﬁg&tgﬁﬂ% fg?rréé’ﬁp%s tio ﬁe%ﬁ‘gsgj?lagm@es‘f@ﬁfe% may
enhance tSheuldattOebeinteﬂweete@athmtbme Stope of fwndlamsol i d nay have a smal |
particle size to provide greater surface area per volunme for the reaction.
However, 7 the organic soli ILED BE¥CRIFAON t hout inpeding the
progression of the reaction. e reaction may begin at the surface of the
organi c solid and etches away the surface until the solid is dissolved or
until the real@48h i $hainvestion [airiss panrratytormateas af PRRgueing Watsicl ude t he
addi ti on (8f,pRd HebuGe MBANGRALRICIBIidd ﬁsuﬁﬁﬁﬁbkﬁauvé rb’tﬂbﬁﬂal%omﬁt)nl imted to

pH nodifiers, catal ysts, addition vents, an conbi nati on thereof.

It is corﬁoét@alrmtb@ﬂtﬁettalﬂwe@ecta@ﬂthe@lé@ m%t?o‘pbﬁtﬁms@” e inf datainini AT of
parti cul

D oduct s ~PUGERT RSN TSR A [ et HELHBIA AHERHETS (e
sol ubi | i 2einr gani ¢ sol ute. One advantage of chilling the soI ub| lized
or gani ¢ sol ut beg. t u i [ | ubil'ized
or gani ¢ sol ut Eo.dﬁﬁe gglo% Q'rb%\éergbtr%'ng]tﬁF gg@gq?%rﬂgééng@a@hd‘éjﬁlg’ltﬁgcri]gt)o room

t enper at Uimitedtto apzpteoalsrmahﬂiryng?@elﬁlosblomleellultbw tlgran mrotwealsd ng, such as

distillati hg z% h of furcﬁher r act g e di ssol ved arganlcs,

may not rogﬁt? Y&t NG %?{8 THAT F%%ar?ra?eﬁo% rB SHEQQF%?B?% fYF?IFIG 1is
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organi ¢ solute or quenching prevents over-oxidation of the dissolved
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TABLE 1: ORGANI C COVPOUNDS PRCODUCED USI NG OHD METHODS  Compound Chem cal
Structure Conmpound Chem cal Structure 1 p-hydroxyl benzoic acid and rel ated
hydr oxyl aweadoen@d7aset hoxyl at ed anal ogs Rl co2H . R2 R3 2CBars2@ns40746
tricarboxylic acids and various isoners co2H co2H | co2H 2

structural elements in organic solids breaks the structure into smaller sub-structural
units. For example, coal may be converted into a new product with modified physical
properties using OHD methods. In addition, the OHD method may be used to
convert biomass into soluble organics. For example, biomass containing cellulose,
hemicellulose, and/or lignins may be converted into dissolved low molecular weight
sugars or oxidized low molecular weight sugars, and other products.

[0051] The oxidant can be any oxidant capable of oxidizing the organic
solid, including but not limited to molecular oxygen (02). The use of molecular oxygen
as an oxidant avoids the use of exotic oxidants, such as permanganates, chromate
oxides, or organic peroxides that may be harmful to the environment or expensive.
The molecular oxygen may be supplied by any known method of supplying,
producing, or separating molecular oxygen from any known mixture in any form.
Non-limiting examples of methods of obtaining a supply of molecular oxygen include:
in situ decomposition of hydrogen peroxide; fractional distillation of liquefied air;
electrolysis of water; transfer from a stored oxygen supply; membrane separation
from air; and any combination thereof. Non-limiting examples of suitable stored
oxygen supplies include pressurized oxygen tanks. The addition of the oxidant to the
superheated water increases the rate of conversion and the overall percent
conversion of the organic solid to solubilized products.

[0052] The reaction media in the OHD method may be superheated water
having a temperature from about 100 °C to about 374 °C. In other embodiments, the
superheated water may have a temperature ranging from about 200 °C to about 350
°C.

[0053] The pressure in the reactor may be specified to be sufficient to
maintain the water in a liquid state (without water loss into a gas phase). The
pressure may range from about 100 kPa (kiloPascal) to about 22 MPa (megaPascal)
in one embodiment. In other embodiments, the pressure may range from about 1.5
MPa to about 17 MPa, and from about 12 MPa to about 16 MPa. The terms
“hydrothermal water” and “superheated water” may be used interchangeably
throughout the specification.

[0054] Without being limited to any particular theory, it is believed that the
oxidation reaction is a surface reaction of the oxidant and the organic solid surface.
Therefore, maintaining a sufficiently high surface-area-to-volume ratio of the organic
solid may enhance the rate of the reaction. The organic solid may have a small
particle size to provide greater surface area per volume for the reaction. However,
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Benzene di carboxylic acids, various isonmers, and rel ated hydroxyl ated and
nmet hoxyl at ed anal ogs zo R3 co2H co2H 5 Benzene tetracarboxylic acids and
vari ous iwormersi6€®2H K. co2H -002H j co2H PCT/US2012/040746

the organic solid may be any size without impeding the progression of the reaction.
The reaction may begin at the surface of the organic solid and etches away the
surface until the solid is dissolved or until the reaction is halted.

[0055] The OHD method may also include the addition of other
components to the reaction, including but not limited to pH modifiers, catalysts,
additional solvents, and any combination thereof. It is contemplated that these
additives may promote the formation of particular desired products or minimize the
formation of undesired products.

[0056] The process may optionally further include chilling the solubilized
organic solute. One advantage of chilling the solubilized organic solute may be to
prevent further oxidation of the solubilized organic solute. The solubilized organic
solute may be chilled to room temperature or approximately 20 °C. However, further
processing, such as distillation, evaporation, or further reaction of the dissolved
organics, may not require cooling, and chilling may not be desirable.

[0057] FIG. 1 is a schematic diagram of the OHD process 100. An organic
solid may be loaded into a reactor 200. The reactor 200 may be an up-flow reactor
with no gaseous head space to enhance the efficiency of the OHD method.
Superheated water may be introduced into the reactor 200 through a port 102 until
equilibration is reached. An oxidant, for example, molecular oxygen, may be
introduced into the reactor 200 through a port 104. Molecular oxygen may be
supplied directly from a storage tank, separated from the surrounding air, or
molecular oxygen may be generated by a chemical process such as the thermal
decomposition of hydrogen peroxide prior to addition to the reactor 200. A port 106
may be used to introduce any other components added to the reaction, including, but
not limited to, pH modifiers, catalysts, or organic solvents. The solubilized organic
solute resulting from the organic solid exits the reactor 200 from a port 108 and may
optionally enter a chiller 300. The cooled effluent from a port 110 may be monitored
for the presence of solubilized organic solute or may be collected for further
processing or analysis. Non-limiting examples of suitable analysis techniques for the
cooled effluent include photodiode array detection (PDA), GC-MS, and any
combination thereof. The OHD process may be conducted as a batch, semi-
continuous, or continuous process.

[0058] The raw product (OHD liquor) derived from the processing of
organic matter using OHD methods may be an aqueous solution of dissolved organic
products. In some aspects, depending on the particular organic matter processed
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3 Aliphatic keto-acids /\mcO2H O ii 6 Aliphatic dicarboxylic acids co2H
Co2H 7 p-coumaric acid and rel ated hydroxyl ated and net hoxyl at ed anal ogs
il co2H R8O2012Mev22 RL = H or OH or OCH3, R2 = H or OH, POT/USGH3/04336 = H or
CH3, and n is an integer between 1 and about 30 or nore. [0073]In order to
be of value on a large scale, the organi c conpounds

and OHD process conditions, the OHD liquor may be a clear solution and does not
contain suspended colloidal solids. In other aspects, the OHD liquor may include
suspended particles. Non-limiting examples of suspended particles include
inorganic particles such as inorganic matrix, unreacted organic solids, and any
combination thereof. For example, if OHD process conditions do not result in the
complete conversion of organic solids into solubilized organic solids, the OHD liquor
may include suspended particles of unreacted organic solid; in this example, the
OHD process may include too low of an oxidant concentration and/or too brief of a
reaction time.

[0059] Without being limited to any particular theory, the formation of the
OHD liquor product is not the result of simple hydrolysis. Based on previous
observations (not shown herein) production of the dissolved product is directly
related to the delivery of O, and the response of the reactor to delivery of the oxidant
is rapid.

[0060] The OHD methods may be applied to a wide range of organic
materials, including, but not limited to, coal, carbonaceous shales, organic-rich
carbonate rocks, bituminous sands, lignocellulosic and other biomass as described
herein above, lignite, bituminous coal, anthracite and wood charcoal. Complete
conversion of organic materials to soluble products may be readily achieved using
the OHD method, although rates of reaction may vary considerably.

[0061] Reaction rate may depend on particle size, reaction temperature,
oxidant loading and flow rate/contact time, as well as varying the choice of organic
material used as the initial substrate. Typically, the reaction proceeds in a matter of
minutes for the complete dissolution of bituminous coal particles having a particle
size ranging from about 60 mesh to 20 mesh. In general, low rank materials react
faster than high rank materials, (presumably due to the more polycondensed nature
of the high rank materials), and macerals react in order of structure (fastest to
slowest): liptinite>vitrinite> inertinite.

[0062] The OHD method likely works by oxidative cleavage of labile
structures, resulting in the disruption of the overall macromolecular structure. As low
molecular weight products are produced, they are dissolved into the reaction
medium (water), which at hydrothermal conditions functions as an excellent solvent
for most organic compounds. The dissolved organics are separated from residual
solid, thereby exposing fresh substrate surface for subsequent reaction with
additional oxidant. Rapid removal of the water and separation of the produced

9
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organic materials in other aspects are illustrated herein below in the Examples.

/l. Oxidative Hydrothermal Dissolution Devices

[0066] An embodiment of a semi-continuous flow OHD device is illustrated
schematically in FIG. 2. An organic solid may be loaded into a reactor 6 and
10
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superheated water and an oxidant may be introduced into the reactor 6 by pumps 1
and 2. If the oxidant is derived from hydrogen peroxide, hydrogen peroxide may be
decomposed in a heater 3, and the resulting molecular oxygen and superheated
water may enter the reactor via ports 4 and 5 respectively. Additional components or
water may be introduced into the reactor 6 via a port 7. A reaction between the
organic solid and the oxidant takes place in the reactor 6 and generates a solubilized
organic solute, which leaves the reactor 6 and optionally enters a chiller 8. Effluent
may collected in a vessel 9, and data are collected by a detector 10.

[0067] An embodiment of a continuous flow OHD device is illustrated
schematically in FIG. 3. An organic solid such as coal, bituminous sand, or
carbonaceous shale, in which the inorganic component of the shale may comprise
minerals including but not limited to silicates or carbonates, may be used as a
feedstock to the OHD device. The feedstock may be pulverized in a mill 302 and
combined with water to form a slurry in a slurry generator 304. The mill 302 and the
slurry generator 304 may be combined into a single operation by a process such as
wet milling. The slurry may then be pumped into a reactor 306 by a slurry pump 308.
The slurry may be heated before entering the reactor 306 using a preheater 320. An
oxidant, such as molecular oxygen, and superheated water may be introduced into
the reactor 306 by a pump 310. If the molecular oxygen is derived from hydrogen
peroxide, the hydrogen peroxide may be decomposed in a heater 312 and molecular
oxygen and superheated water may then enter the reactor 306. A reaction between
the organic solid and the oxidant may take place in the reactor 306 and generate a
solubilized organic solute. The solubilized organic solute may exit the reactor 306
and may optionally enter a chiller 314. Back pressure may be controlled by a back-
pressure regulator 316. Effluent may be collected in a vessel 318. Wiring and control
details have been omitted, but are implicit in the design of the reactor system. This
system may be operated continuously, and the temperature and flow rate of
reactants may be controlled automatically by a computer 322 or other data
processing device.

1ll. Extraction of Petroleum Materials from Bituminous Sands or Qil Shales Using
OHD Methods

[0068] The OHD methods described above herein may be used to recover

petroleum materials from bituminous sands or oil shales in other embodiments. The
particular device, operating systems, and reactants used to recover the petroleum
11
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product s wer e[0@byeSpaciEnaxARRIEG LEMCUSEINF HEE PRITPICUWT RIQAEtS USIRNBEID

descr i bednd fodXa@BRIcRordbed in the EKANBRS RGGESHALLR Riod1e O 1B anal ysi s of
the recovered organic products are summari zed 1n FIGS. 26-28. The gas

chr omat ogr aphi ¢ mass spectronmetric analysis of the raw bitum nous sand are
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2012/ 167252 8%&'6?129&?&%’?@@?%%%}3‘? éetc% FPée '?rﬁgu Mhal ysis of the
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TABLE 1: ORGANIC COMPOUNDS PRODUCED USING OHD METHODS
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Fi gure Nunber A 1,4-butenedioic acid 12 B 1,4-butanedioic acid 12 C

2-nmet hyl butanedioic acid 12 D benzoic acid 13 E thi ophene-2-carboxylic
acid 15 Pvohoopieease- 3- car boxylic acid 15 G 1, 5- pent anediPpoir@Saciza4@26 H

1, 2-di met hoxy benzene 16 | |, 4-di net hoxy benzene 16 J 1, 3-di net hoxy benzene

16 K
Compound | Chemical Structure | Compound Chemical Structure
1 CO,H 4 CO,H
p-hydroxyl Benzene
benzoic acid tricarboxylic
and related acids and
hydroxylated various
and isomers
methoxylated | R Rz
analogs
o
\R3
2 CO5H 5 COzH
Benzene Benzene
dicarboxylic tetracarboxylic
acids, 7 acids and = I
. various . I CO,H _various CO H---—=-  -— |- --CO,H
isomers, an isomers .
related \ \/\
hydroxylated CO,H
and /O
methoxylated R3
analogs
3 6
Aliphatic O Aliphatic COzH CO2H
keto-acids dicarboxylic \M/
CO,H acids n
n
7 COzH
p-coumaric
acid and
related =
hydroxylated
and
methoxylated
analogs
R% R2
0
\Rs

Note: R1 =H or OH or OCHs, R> = H or OH, or OCH3, R3 = H or CH3, and niis an
integer between 1 and about 30 or more.

[0073]
obtained from the OHD methods may be recoverable in high yield. The yields of the

In order to be of value on a large scale, the organic compounds

OHD processing may be measured by assessing the removal of organics from an

inorganic matrix, especially in those cases in which bituminous sand is processed
13



1, 6- hexanedioic acid 12 L Furan-3,4-dicarboxylic acid 21 M
1,2,3-trinmethoxybenzene 21 N 2-net hoxy benzoic acid 13 0 1, 7- hept anedi oi c
acid 12 PwvB-2netteesy benzoic acid 13 Q Furan- 2, 5-di car borgirius2@ciodh72d R
1,2,4-trinmet hoxybenzene 21 | D Conpound Detail ed Chromat ogram Fi gure
Nunber S 4-net hoxy benzoic acid
using the OHD method. For OHD feedstocks comprising a significant amount of
inorganic phase, such as bituminous sands or carbonaceous shales, the yield of
OHD processing may be measured as the residual carbon retained in the inorganic
phase after OHD processing or as the overall mass loss resulting from high-
temperature ashing or combustion after OHD processing. Low amounts of residual
carbon remaining in the inorganic matrix may be desirable, because this indicates
that most or all of the bituminous material has been removed from the inorganic
matrix resulting in “cleaner” sand or other inorganic matrix that may be returned to
the environment. In addition, potentially more of the bituminous product may be
recovered for refining into organic compounds.
[0074] Another method of assessing the yield of organic compounds after
OHD processing may include measuring the amount of carbon contained within the
aqueous phase or OHD liquor resulting from the processing of the organic matter in
the reactor in an OHD process. The yield may be quantified as the % of the initial
carbon contained in the organic matter that is recovered as dissolved product in the
aqueous phase or OHD liquor. High yields of carbon in the dissolved product may be
desirable, because this indicates that the aqueous phase contains a large proportion
of the original bituminous material that may be recovered and refined into organic
compounds. Carbon not recovered and not retained in the inorganic residue may be
lost as gaseous products. Typically in OHD processes the gaseous products may
include CO with some CO,. CO may be recovered as a useful by-product, but
typically minimal gas production is desirable.
[0075] Specific examples of useful raw materials and other organic
compounds produced using the OHD method to break down organic matter such as
coal, lignocellulosic biomass, and kerogen are provided herein below in the

Examples.

EXAMPLES
Example 1: OHD Processing of Canadian Athabasca Qil Sands

[0076] A bituminous sand sample of Athabasca oil sand was processed
using the OHD method described herein above. For comparative proposes, to
evaluate the relative efficacy of OHD for separation and recovery of organic
materials from the inorganic matrix, the raw sand was compared with products
produced by hot water extraction (to approximately simulate current extraction
technologies, exhaustive laboratory extraction with organic solvents, and OHD. Both

14



13 T 1,2, 3-propanetricarboxylic acid 12 U 1, 3,5-tri net hoxybenzene 21 V

1, 2-benzene dicarboxylic acid 14 Wthi ophene-2,3- dicarboxylic acid 15 X
1, 4- benzeweo 2dixmrisoxyl ic acid 14 Y 1, 3-benzene di car boxyCirasacizad4aras Z

t hi ophene- 2, 5-di carboxylic acid 15 AA 3, 5-di net hoxy benzoic acid 16 BB

3, 4-di net hoxy benzoic acid 16 CC nmet hoxy benzene di carboxylic acid (isoner
undeterm ned) 19 CC

soluble and insoluble products were recovered after processing by each method and
analyzed. Insoluble products were analyzed for carbon content and high
temperature ash yield, to determine the efficiency of removal of the organic bitumen.
Soluble products were recovered and analyzed to investigate the nature of the
organic materials recovered by each method.

[0077] Table 2 summarizes the analysis of the insoluble products for each
processing method. FIG. 4 is a bar graph summarizing the percentage of carbon
remaining in the bituminous sand samples after treatment with the various methods
to remove the bituminous materials from the inorganic sand matrix. These data
illustrate that about 86% of the carbon initially present in the bituminous sand was
removed by OHD processing, compared with 23% removed with superheated water
alone and 69% removed by exhaustive laboratory extraction with organic solvent
(CH.CIy).

TABLE 2: ANALYSIS OF INSOLUBLE PRODUCTS

Raw Superheated Exhaustive OHD
Bituminous water Laboratory processed
sand extraction extraction
with organic
solvent

% Residual after NA 91 89.4 88.8

processing
High

temperature 86.3 92.5 94.9 95.6
Ash (Wt %)

C (Wt %) 5.03 3.89 1.52 0.71

H (Wt %) 0.67 0.56 <0.5 <0.5

N (Wt %) <0.5 <0.5 <0.5 <0.5

[0078] FIG. 5is a series of photographs of the bituminous sand samples
before and after treatment with the various methods to remove the bituminous
materials from the inorganic sand matrix samples. The residue derived from OHD
processing is free-flowing, clean sand.

[0079] To evaluate the nature of the product obtained by OHD from this
type of raw feedstock, bituminous product obtained from Athabasca bituminous sand
was recovered and analyzed by GC-MS analysis using pyrolytic injection and in-situ

methylation with tetramethyl ammonium hydroxide. These data were compared with
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met hoxy benzene di carboxylic acid (isonmer undeterm ned) 19 DD
3,4,5-trinmethoxy benzoic acid None EE Cl4 Fatty acid (nethyl ester) 12 CC
met hoxy bwozereiedisear boxylic acid (isomer undeterm ned) PCI/USD1204GTIK Y
benzene di carboxylic acid (isonmer undeterm ned) 19 FF

1, 3- benzodi oxol e- 5, 6-di carboxylic acid None GG 1, 2, 3-benzene tricarboxylic

acid 17 HH 1, 2, 4-benzene tricarboxylic acid 17 Il di nethoxy benzene
di car box it foReicthali BPSRHI, %ﬂﬁﬁ/ﬁl&ﬁ‘ﬂﬁ@&baﬂt@ nhéttéﬂwa%tsmisw RAMNEEBP flash
di carboxylic acid (isomer undeterm ned) 1, 3, 5-benzene tricarboxylic

aci d 17 pyrolysis.
[0080] Organic product was recovered from the primary OHD liquor

resulting from the treatment of the bituminous sand by three techniques and the
results of GC-MS analysis of the organic products was compared: (i) evaporative
stripping (where water is removed from the product by distillation) (ii) solvent
extraction with ethyl acetate and (iii) solvent extraction with methylene chloride
(CH.CI,). The GC-MS analysis data are summarized in FIGS. 6-10.

[0081] Data for the raw tar sands, shown in FIG. 10 are typical for this type
of analysis of heavy oil and bitumen. The three OHD products, shown in FIGS. 6-8
indicate that the carbon content of the OHD liquor samples is comparable regardless
of the method of extraction. Further, the carbon content of all OHD liquor samples
(FIGS. 6-8) are consistent with the distillate of the raw tar sands, shown in FIG. 9,
except that the OHD products contain discrete series of carboxylic acids and diacids
that are much less apparent in the product from the distillate of the raw tar sands.
This is expected due to the oxidative nature of the OHD process and does not

significantly affect the usefulness of the derived “oil”.

Example 2: OHD Processing of Canadian Athabasca Qil Sands

[0082] A bituminous sand sample of Athabasca oil sand was processed
using the OHD method described herein above. The soluble products were
recovered and analyzed using methods similar to those described in Example 1.

[0083] The results of the GC-MS analysis of the recovered organic
products are summarized in FIGS. 26-28. The gas chromatographic mass
spectrometric analysis of the raw bituminous sand are presented in FIG. 28 as the
content of volatiles generated by flash distillation (i.e. Py-GC-MS) and OHD derived
oils isolated by evaporative water removal (FIG. 26) and extraction of OHD liquor
with ethyl acetate (FIG. 27).

Example 3: OHD Processing of Utah Sunnyside QOil Sands

[0084] A bituminous sand sample of Utah Sunnyside oil sand was
processed using the OHD method described herein above. The soluble products
were recovered and analyzed using methods similar to those described in Example
1.
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1 di met hoxy benzene di carboxylic acid (isomer undeterm ned) 18 KK Cl16
Fatty acid (nethyl ester) 12 LL Unknown (anal og of X?) 19 LL Unknown
(anal og ovOoXe)2/16%25L Unknown (anal og of X?) 19 MM BenzemR€Tiuskoiananbexyl i c
acid (isomer undetermned) 20 NN C18 Fatty acid (nethyl ester) 12 MM
Benzene tetracarboxylic acid (isoner undeterm ned) 20 MM Benzene
tetracarboxylic acid (isonmer undeterm ned) 20 00 Unknown None [0087]FI GS.

12-21 are si ngjogspnd THRE réduits O tHENGOIME QBBRER e RebRsted bRfanic
products are summarized in FIGS. 29-31. The gas chromatographic mass
spectrometric analysis of the raw bituminous sand are presented in FIG. 31 as the
content of volatiles generated by flash distillation (i.e. Py-GC-MS) and OHD derived
oils isolated by evaporative water removal (FIG. 29) and extraction of OHD liquor
with ethyl acetate (FIG. 30).

Example 4: Organic Compounds Produced by OHD Processing of lllinois Coal

[0086] A sample of lllinois coal was processed using the OHD method
described herein above. The soluble products were recovered and analyzed using
methods similar to those described in Example 1. A total ion chromatogram
summarizing the results of the GC-MS analysis of OHD liquor derived from the
lllinois coal is provided in FIG. 11. The OHD liquor was pyrolyzed at a temperature
of about 480° for about 10 seconds. Tetramethyl ammonium hydroxide was added
to the OHD liquor for in situ derivatization of acidic oxygen-containing functional
groups (phenol + carboxylate). A key listing the specific compounds associated with

specific peaks is shown in Table 3:

TABLE 3: Specific Organic Compounds in OHD Liquor from lllinois Coal

ID Compound Detailed
Chromatogram
Figure Number
A 1,4-butenedioic acid 12
B 1,4-butanedioic acid 12
C 2-methyl butanedioic acid 12
D benzoic acid 13
E thiophene-2-carboxylic acid 15
F thiophene-3-carboxylic acid 15
G 1,5-pentanedioic acid 12
H 1,2-dimethoxy benzene 16
I l,4-dimethoxy benzene 16
J 1,3-dimethoxy benzene 16
K 1,6-hexanedioic acid 12
L Furan-3,4-dicarboxylic acid 21
M 1,2,3-trimethoxybenzene 21
N 2-methoxy benzoic acid 13
0] 1,7-heptanedioic acid 12
P 3-methoxy benzoic acid 13
Q Furan-2,5-dicarboxylic acid 21
R 1,2,4-trimethoxybenzene 21
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[0087]

FIGS. 12-21 are single and multi-ion chromatograms extracted from

the total ion chromatogram of FIG. 11, illustrating the observed distributions of

products of specific structural families. FIG. 12 is a multi-ion chromatogram

(m/z=74+85+87+127) illustrating the distribution of major aliphatic products. FIG. 13

is a multi-ion chromatogram (m/z=105+135) illustrating the distribution of benzoic

acid and mono methoxy benzoic acids. FIG. 14 is a single ion chromatogram

(m/z=163) illustrating the distribution of benzene dicarboxylic acids. FIG. 15is a
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11 Phenol 12 2- Met hoxy phenol (Guaiacol) 13 5-0xo-hexanoic acid nethyl
ester 14 1, 2-D net hoxy benzene + Pentanedioic acid dinethyl ester 15

1, 4- D metwoxyi12nemsene 16 Nonanoi c acid nmethyl ester 17 PCHuse@zp4ienzoi c
acid nethyl ester 18 Hexanedioic acid dinethyl ester + 6-0xo Heptanoic acid
met hyl ester 19 Decanoic acid nmethyl ester 20 unknown 21 4- Met hoxy

benzal dehyde 22 3- Met hoxy benzoic acid nethyl ester 23 Heptanedioic acid

di met hyl Qatifn &ﬁo%a@?@ar@&%@ﬂ%@@)%dgﬁb ddth@sﬁﬁrb&%n?ofmm benzoi c

acid nethyl ester Met hoxy benzoi c aci est
carboxylates and dlcarboxylates FIG. 16 is a single ion chromatogram (m/z=138)

illustrating the distribution of dimethoxy benzenes and dimethoxy benzoic acids.
FIG. 17 is a single ion chromatogram (m/z=221) illustrating the distribution of
benzene tricarboxylic acids. FIG. 18 is a single ion chromatogram (m/z=223)
illustrating the distribution of dimethoxy benzene dicarboxylic acids. FIG. 19 is a
multi-ion chromatogram (m/z=193+251) illustrating the distribution of monomethoxy
benzene dicarboxylic acids and unidentified analogs. FIG. 20 is a single ion
chromatogram (m/z=279) illustrating the distribution of benzene tetra carboxylic
acids. FIG. 21 is a multi-ion chromatogram (m/z=168+184) illustrating the

distribution of trimethoxy benzenes and furan dicarboxylic acids.

Example 5: Organic Compounds Produced by OHD Processing of Lignins

[0088] A sample of soft wood (conifer) lignin was processed using the
OHD method described herein above. A second sample of lignin-rich grass
(bamboo) was also processed using the OHD method described herein above. The
soluble products were recovered and analyzed using methods similar to those
described in Example 1. A total ion chromatogram summarizing the results of the
GC-MS analysis of OHD liquor derived from the conifer lignin is provided in FIG. 22.
A total ion chromatogram summarizing the results of the GC-MS analysis of OHD

liquor derived from the bamboo lignin is provided in FIG. 23.

Example 6: Organic Compounds Produced by OHD Processing of Carbonaceous
Shale
[0089] A sample of carbonaceous shale was processed using the OHD

method described herein above. The soluble products were recovered and analyzed
using methods similar to those described in Example 1. A total ion chromatogram
summarizing the results of the GC-MS analysis of OHD liquor derived from the
carbonaceous shale is provided in FIG. 24. Tetramethyl ammonium hydroxide was
added to the OHD liquor for in situ derivatization of acidic oxygen-containing
functional groups (phenol + carboxylate). A key listing the specific compounds

associated with specific peaks is shown in Table 4
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27 4- Met hoxy acet ophenone 28 Cctanedi oic acid dinethyl ester 29 8-0xo
nonanoi ¢ acid nmethyl ester 30 1, 3-benzene dicarboxylic acid dinethyl ester
31 Nonanewpanr/meisd di met hyl ester 32 9-0xo decanoi ¢ acipdTmsténglosEse er 33
3- Hydr oxy benzoic acid nethyl ester 34 3,4-Di nethoxy benzoic acid nethyl
ester 35 Decanedioic acid dinmethyl ester 36 10- Oxo undecanoi ¢ aci d net hyl
ester 37 2-Hydroxy-1, 4-benzene dicarboxylic acid dinethyl ester 38

4- Hydr oxyr Apt ezl Sp@@fl@OWCoﬁéb@rﬁdﬁﬂ s DRI SHoFreC Y MAdHUE BhdleA0

Undecanedioi c_aci di_nmet ester 41 Unknown 42 Unknown Oxo terpenoid
ID Compound

1 Pentanoic acid methyl ester
2 Hexenoic acid methyl ester
3 Hexanoic acid methyl ester

4 Methoxy Benzene

5 Heptanoic acid methyl ester
6 Hepteneoic acid methyl ester
7

8

9

4-0xo-pentanoic acid methyl ester

Butanedioic acid methyl ester (succinic acid di methyl ester)
Octanoic acid methyl ester

10 Benzoic acid methyl ester

11 Phenol

12 | 2-Methoxy phenol (Guaiacol)

13 | 5-Oxo-hexanoic acid methyl ester

14 1,2-Dimethoxy benzene + Pentanedioic acid dimethyl ester
15 1,4-Dimethoxy benzene

16 Nonanoic acid methyl ester

17 | 2 Hydroxy benzoic acid methyl ester

18 Hexanedioic acid dimethyl ester + 6-Oxo Heptanoic acid methyl ester
19 Decanoic acid methyl ester

20 | unknown

21 4-Methoxy benzaldehyde

22 | 3-Methoxy benzoic acid methyl ester

23 Heptanedioic acid dimethyl ester

24 | 7-Oxo Octanoic acid methyl ester

25 | 2-Methoxy benzoic acid methyl ester

26 | 4-Methoxy benzoic acid methyl ester

27 | 4-Methoxy acetophenone

28 | Octanedioic acid dimethyl ester

29 | 8-Oxo nonanoic acid methyl ester

30 1,3-benzene dicarboxylic acid dimethyl ester

31 Nonanedioic acid dimethyl ester

32 | 9-Oxo decanoic acid methyl ester

33 | 3-Hydroxy benzoic acid methyl ester

34 | 3,4-Dimethoxy benzoic acid methyl ester

35 Decanedioic acid dimethyl ester

36 10-Oxo undecanoic acid methyl ester

37 | 2-Hydroxy-1,4-benzene dicarboxylic acid dimethyl ester

38 | 4-Hydroxy benzoic acid methyl ester

39 | Unknown dicarboxylic acid

40 | Undecanedioic acid dimethyl ester

41 Unknown

42 | Unknown Oxo terpenoid

43 | Hexdecanoic acid methyl ester + dodecanoic diacid dimethyl ester
44 | Tridecanedioic acid dimethyl ester

45 1,3,5 benzene tricarboxylic acid trimethyl ester

46 | Octadecanoic acid methyl ester
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43 Hexdecanoi c acid nethyl ester + dodecanoic diacid dinethyl ester 44
Tridecanedioic acid dinmethyl ester 45 1,3,5 benzene tricarboxylic acid
trimet hylwesner1645%20ct adecanoi ¢ aci d net hyl ester Ex aeplus2d2/0@7g@ani ¢
Compounds Produced by OHD Processing of Sugar Cane Bagasse [ 0090]
A sanpl e of sugar cane bagasse was processed using the OHD net hod descri bed
herei n above. The sol ubl e products were recovered and anal yzed usi ng

met hods Si|pi 'far T0 those described ¢fnipoamal € 1. A total ion chrgmatogram
summar i 21 g tn§d5@§ﬁh&§a&@b&ﬂ%$gp M5 anal ysi's of OHD tiquor derived from

t he sugar—Ttane tagasse 175 provided T FIG 25 Tetranethyt—anmmormum

hydr oxi de_was added to the OHD Ilquor for in situ derlvatlzatlon of acidic
oxygen- c @xaaiph ) pSarY 3 re$8g ol e ankey |isting
t he SpECI% % gonpounds aSSOCIated mnth speC|f|c peaks is shown in Table 5:
TABLE 5: I ¢ Organi ¢ Conpounds in OHD Liquor from Sugar Cane Bagasse
| D Conpound 1[0@90] OXWA san&tleofa{gadcandvbagmssp maxsqdrooe%eddns&gm HiXy benzene
4 Furan car nknao

4 Furan carBOXyblGragind IBLhvle SRLeL (S ORI H WAL MR ovRr KRR U e cC1 i ©

using methods similar to those described in Example 1. A total ion chromatogram

summarizing the results of the GC-MS analysis of OHD liquor derived from the sugar
cane bagasse is provided in FIG. 25. Tetramethyl ammonium hydroxide was added
to the OHD liquor for in situ derivatization of acidic oxygen-containing functional
groups (phenol + carboxylate). A key listing the specific compounds associated with

specific peaks is shown in Table 5:

TABLE 5: Specific Organic Compounds in OHD Liquor from Sugar Cane Bagasse

ID Compound
Hydroxy acetic acid

Methoxy acetic acid

Methyoxy benzene

Furan carboxylic acid methyl ester (isomer unknown)
Unknown

Succinic acid

Benzoic acid

Pentane dioic acid

1,4-dirnethoxy benzene

Phenyl acetic acid

2-Hydroxy benzoic acid + unknown

Hexane dioic acid

4-Methoxy benzaldehyde

Heptane dioic acid + 3 methoxy benzoic acid
Unknown

4 methoxy benzoic acid

Octane dioic acid

Terephthalic acid

Nonane dioic acid

3,4-dimethoxy benzaldehyde

3,4-dimethoxy benzoic acid

Tetradecanoic acid

C15 carboxylic acid (unknown isomer)
3,4,5-trimethoxy benzoic acid

Hexadecanolic acid

Octadecenoic acid (unknown double bond isomer)
Octadecanoic acid

Eicosanoic acid

NININININININNND ] ala -
DN OR[N [D|o|o|N|o|a| B |w|N|=[o]|@R (N0 B WIN =

21



9 1, 4-di rnethoxy benzene 10 Phenyl acetic acid 11 2-Hydroxy benzoic acid +
unknown 12 Hexane dioic acid 13 4- Met hoxy benzal dehyde 14 Heptane dioic
acid + 3 wethmxw7isenzoi ¢ acid 15 Unknown 16 4 net hoxy benzaiseoiamiai4d 7
Octane dioic acid 18 Terephthalic acid 19 Nonane dioic acid 20

3, 4-di net hoxy benzal dehyde 21 3, 4-di net hoxy benzoic acid 22 Tetradecanoic
acid 23 C15 carboxylic acid (unknown isoner) 24 3,4,5-trinmethoxy benzoic

aci d ID Compound
29 | Unknown fatty acid

[0091] It should be understood from the foregoing that, while particular
embodiments have been illustrated and described, various modifications can be
made thereto without departing from the spirit and scope of the invention as will be
apparent to those skilled in the art. Such changes and modifications are within the

scope and teachings of this invention as defined in the claims appended hereto.
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25 Hexadecanolic acid 26 Cctadecenoic acid (unknown doubl e bond isoner) 27
Cct adecanoi ¢ acid 28 Ei cosanoic acid I D Conpound 29 Unknown fatty acid

[ 0091] It wbaeoladishxs2under st ood fromthe foregoing that, waTrlwsS2@antizeaul ar
enbodi nents have been illustrated and described, various nodifications can
be nmade thereto without departing fromthe spirit and scope of the
invention as will be apparent to those skilled in the art. Such changes and
nodi fications are wthin the scope gpaimgachi ngs of this invention as
defined in the clains appended hereto. CLAIMS 1. A process (100) for

solubilizing,an organjc solid.contained wthin a conposite mater;j al
conprisi dg aft %?@égi?@@é W%P"gﬂ'&'%ari‘ RGAgriotd rapiRINed Wik B rEMReSIY 100)

conpri sing: FRMREEOMBridiNGak OFRAT ddfid HALRIN iAbrgdhicim@fx,aKé Badtless (100)
superheated water to form an aqueous m xture conprising at |east one
sol ubi li zed e?'§@M'*d-sol ute. 2. The process (100) of claim 1, wherein the

oxi dant is ol ecul @ntangeRe EORposit: mdBRaIRLIFESS SxildNi sGherhbatbdwhtervher ei n
t he nol ecul ar oxygen is Supplied by any nmethod selected fromthe group

consi sting of: in situ teé&Bhppanweass NokiuRy BeREHING T lerstdne Folubdizeanal
distillation of liquefigd diteug) ectrolysis of water; transfer froma
stored oxygen supply; nenbrane separation fromair; and any conbi nation

thereol . 2 THEpRIBEEER0) 4PQkinpA, m@bﬁyﬁe owesﬁﬁgMé@mg?g%gﬁzgoxyge“ s

supplied by in situ d osition o rogen peroxi de. rocess

(100) of Ll airm brochb 12]8’)" of A8in¢ O MPRsbirah8REEdRr dx %&p@tﬁﬁbl‘?&j h bhy the

§
oxidant in a superhea{ water at a tenperature ranging from about® 100 C to
about 374 C. methoriselqutestisem tild g®upaiongistinge®, wherein the conposite

material is contac ' : 'fq.gla ' eated water at a

t enper ature rangi n'ées' P?%EQBEQ%'%{B E%degb%ﬂ@gggo C. 7. The process (100)
of claim 1, wher eifnadtivealabsiflotort ef limatted ail; i s contacted with the oxidant in
super heat ed wat er &Ect?blg%@&%%t%rrangi ng from about 100 kPa to about 22 MPa.

transfer from a stored oxygen supply;
membrane separation from air; and

any combination thereof.

4. The process (100) of claim 3, wherein the molecular oxygen is supplied by in

situ decomposition of hydrogen peroxide.

5. The process (100) of claim 1, wherein the composite material is contacted with
the oxidant in a superheated water at a temperature ranging from about 100° C
to about 374° C.

6. The process (100) of claim 5, wherein the composite material is contacted with
the oxidant in superheated water at a temperature ranging from about 200° C to
about 350° C.

7. The process (100) of claim 1, wherein the composite material is contacted with
the oxidant in superheated water at a pressure ranging from about 100 kPa to
about 22 MPa.

8. The process (100) of claim 7, wherein the composite material is contacted with
the oxidant in superheated water at a pressure ranging from about 1.5 MPa to
about 17 MPa.
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8. The process (100) of claim7, wherein the conposite material is
contacted with the oxidant in superheated water at a pressure ranging from
about 1.5wvbRaizw7mbout 17 MPa. WD 2012/ 167252PCT/ US2012C0ABZ618/09074d he
process (100) of claim8, wherein the conposite material is contacted with
the oxidant in superheated water at a pressure ranging fromabout 12 MPa to
about 16 MPa. 10. The process (100) of claim1, wherein the conposite

material o s $gé BRIcBES f100NbE HSINDS ARerERNAE Sbposief mﬁ%bl |slébﬁﬂé61e@|%§1 sand,
carbonaceous shal e, bionass, and any m xture ther eof gr ocess (100)

of claim 10, tr\%ﬁé‘r‘(@nﬁ'nti’r\)@eﬂlﬂ?ﬁ%%‘iv@@r Ab® Brasapre; r@ngpgﬁ@ggabcgﬁdZ 8n at

| east one soLphijihisagsy or gani ¢ sol ute conprises at |east one of a |ow
nol ecul ar wei g t sugar, an oxidi zed | ow nol ecul ar wei ght sugar, and any

combi nat i4@n ﬁ'lh@bﬁ)‘&fass &4d0) Sh&aikd ?ﬁeﬁ%ﬁ@koﬁgog @fhme%al \WRBILIY IR

conposite naterial 1s contacted the oxidant in the superheated water
within a rea@edro¢Row)sistingef epal bienioowhsrrd earmanaesaas,shale bismassand
super heat ed f ned in a nongaseous phase to inhibit the
formation of%ﬁ a@ﬁ%r‘a%gg%ﬁt hin the reactor (200). 13. The process (100)

f cl £
O pcL T, $HE BRECSOTRILFLEM SER AECARISRIRBIA EEpriRetony
agueous m xt whereiraat leagh lelneml;ubﬂlgecﬂ prgangbenlute tompriagoalt ledst ong.of aHewpr ocess

(100) of cl a %}ejculaWQ/% ”% ear?gyi'a% 8Icm/ Ho@@la?%fﬁ @araran(% %@gt 50% Of. the

organic solid romth oS|temaer|a ess ) of claim
15, wherein tdsreblaqijmfnllhsreufxture conpri ses at | east 90% of the organic solid
fromthe conposite material. 17. The process (100) of claim 16, wherein the
aqueous ni2xt Tinepooaps (1983 obtlaimebsvhdBibtbé compositeganieciakielcpdtattedrwitthe

it furt.h
Ul ver! 2t ng. TR Riinbbine S0 PeRREMeratn Asesit bR VR e0 bomposii e
mat er i a: W tﬁom?msaue mz(e:)iteflalwmdarﬁl amd sfupyrqheﬁrtedéwatmrammalmgnednm gooposite
teri th t t. in. t ter 9..Th 100
of ol aim Vl“s 9@&?@5@? a3 1By %e@irﬁg%me s Sikety hadeath &‘55@2 e
rangi ng fr bout 60 SO|UbI|IZ qrganic

h
St o of % nifippisess (THRs O Sy Ccoé‘b‘irﬁﬁ‘gc“r%élmﬂt?‘fz?queous hb&dte

a temperature of about 20° C.

14. The process (100) of claim 1, wherein the aqueous mixture has a pH ranging

from about 1 to about 5.

15. The process (100) of claim 1, wherein the aqueous mixture comprises at least

50% of the organic solid from the composite material.

16. The process (100) of claim 15, wherein the aqueous mixture comprises at least

90% of the organic solid from the composite material.

17. The process (100) of claim 16, wherein the aqueous mixture comprises at least

95% of the organic solid from the composite material.

18. The process (100) of claim 1, further comprising:
pulverizing the composite material; and
combining the pulverized composite material with water to form a slurry
prior to contacting the composite material with the oxidant in the

superheated water.

19. The process (100) of claim 18, wherein the pulverized composite material has a

particle size ranging from about 60 mesh to about 20 mesh.

20. The solubilized organic solute of the process (100) of any preceding claim.
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