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| NVENTI ON The present invention generally relates to the PErA00Z |  ur
f rom carbonaceous materials contani r“mmtm/mmmn | fur in the for m of

sul fur-contai ni ng conpounds. In one parti cul ar aspects, this

i nvention rel aive9sgiessa process for substaobical |y reduci ng dhfRissohdaslr S
content of coals. In another aspect this invention relates to a process for
reduci ng the sul fur content of carbonaceous fluid such as petrol eum fl uids
BACKGROUND OF THE | NVENTI ON MyisutauReneosusroeksy i al s may contain sul fur
as a contamnant. Solid materials 10 such as coal s and waxes are known to
contain varying anounts of sulfur. Some coals contain sulfur to such an
extent that their use is contrai raLS 8k ek IBegayuse of the polluting effect

t hat burning suchgg h-sul fur coal s rr%){ havhe on tzefe%f\él ronnment. The use of
petrol eum fl ui ds S%{‘é "B’F'P”é’"émf“g%lé gsriadhe; emayal gf S5 fam plogageors i ot i ons
basedI on thehigtehz[mml taminatet hah Qi ihaR et oﬁ/ﬂ]m-cbdi’tayingbcﬁnﬁdﬁr&ﬁ &Sorfegel@ 15
Pet r ol eum crude o0i as toppe ru , as
el | e ot heORdRGaG din P RS SR Lhfsl dSRon et oo
vacuum t o\ser cénbdnt oGsals. alnamshbrekpest thie WREntbOtlali%) a bloak fo@irddacindaviueycl e

st ocks, visbreaker oduct ents ns and the like) are frequently
cont am nat edW"&?f@%@%’lﬁ%’"ﬁ%ﬁ%@ﬁﬁ%ftf"“1‘1’5’% sul fur Sulfur is also present

in various processed hydrocarbons such as fuel oils and diesel fuels. The

sul fur may be present 20 in v%r kﬁgs cgﬁiﬂgg fgr ﬁo i ncl udi ng heteroaromatic
conpounds Renoval of these co has proven difficult
The sul fur conpovaig cabenaodm}zematiemsabdyecobminaulﬁe as andoustinan. folid malesals

cont ai N 19, ¢ SEILASE G BIKENA0L R 55 hlsh Jalinh Aol A3, Clogtltorest des.

whi ch are noxl ous and corrosive, an 3’ a serious pro

respect to peilfuutol soeh mendnethattthnswhesr@ntr@rﬁhcvad bauasse pf deapbese hﬁecembeen used
in the past 0 C fa m coal
and pot ol cursTBERBYAebRErbUERANE: aithd e 1Bl 9 oF REBRNESe 48

sol uti ons hammbemgaa@eeb 15@15¢ m@ﬂtt tpettsmhcwmstct arcthenomspabtood uhﬂgmrmntehte
general rang 7QOF. Extraction with a liquid solvent, such as
sul furic aci %19‘%:19?45 "gwé%le e, or furfural has al so been used, as has

adsor pti dA on suiPetstitum eradecqils, fpreexamples buch gs toped\pa radtice audest & welitraotheral , or
30 clay. Mergap aa.%lebavfacmeqn&&nmn&t@sd iRy ot fdAe Do, RRloysUkd | des by

pl unbite treatnent
tower bottoms, black oils, heavy cycle stocks, visbreaker product effluents, bitumens, and the

like, are frequently contaminated by excessive concentrations of sulfur Sulfur is also present
in various processed hydrocarbons such as fuel oils and diesel fuels. The sulfur may be present

20  in various combined forms including heteroaromatic compounds Removal of these combined
forms of sulfur has proven difficult. The sulfur compounds are objectionable because
combustion of fuels containing them as contaminants results in the release of sulfur oxides,
which are noxious and corrosive, and presents a serious problem with respect to pollution of
the atmosphere.

25 Various processes have been used in the past to remove objectionable sulfur-containing
compounds from coal and petroleum. For example, sodium hydroxide or potassium hydroxide
solutions have been used to treat petroleum fractions boiling in the general range below about
700°F. Extraction with a liquid solvent, such as sulfuric acid, sulfur dioxide, or furfural has
also been used, as has adsorption on suitable materials, such as activated bauxite, charcoal, or

30 clay. Mercaptans have been converted into disulfides and polysulfides by plumbite treatment
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11 Novenber 2002 WO 99/ 615S4 PGT/ US99/ 01945 or treat rrent th h%é) @hori te
or copper salts Many catalytic processes generally uti I| %@ under
pressure have al so been devel oped. Each of the prior art rret hods is nore or
| ess satisfactory for renpving a portion of the sulfur-containing

contam nants {pQp%&a" bonaceous nmaterials. However, none hgs. 9ﬁevi sed
which is effective to renove substantially all of the sulfur which is
present as a contamnant. It would be desirable to provide a process which
is effective,f i i Wi f L i€ QfcSis

fractions conrttgiari‘lﬁmh'gttn;pg1 %g?%ml&o ﬁg&gbﬁt ai lr‘%llrar?;g aco l gur? S [‘%"é?@g ﬁlﬁl n a
product contydmweenginddr pressosechaysl absp béeadevelohedn about 1% sul fur. Since petrol eum
fractions, such r Yoo AP edd Bridst NeeBiSviadP % sul fur)
such a process wg§ hg’?ﬁ‘\é ?(grsaggrt%gode{rﬁgvg ¥e abt(l)u ° 9r5e/o‘(,)l§‘°b ﬂéﬂ (f%/

cont am nant sulfursguthinipe cantsménants frera earpagepsous|matdrigls. aH@\mven ng)h&@qertﬁyyle@t of the
present 'nvem.ehqpeﬁe&.v@;ooean sébs&i%tﬁﬁ;?ﬁlsofM'sElﬂr Whictes bRSdnt %8 cbitahifiiPve 2
substanti al proportion e su whi ch cont am nat es vari ous

car bonaceous mat &rvadsbe deﬁlfabls typovider PEtspse whichfs effsetivp fassemevingrautligienton t o
provi de suchy@idHAC&IR atf betBictth 'ﬁjaétx%ﬁsscoﬁﬁﬁ\glhw wit &l ARInGidiR A MARNEs toANOT her
object of this invention is to provide a process WQ ch can be operated at
moder at et erfsftde @risedughepnipiniigs for esample, {5y taR Abohjldculfer  Siee peteolant

i nvention i Sglcon! M Q%eﬁyl&ﬁﬁé‘seﬁ% {Rtaind8 MR BY db8hc 81280y, SR TM RbRUM
products, and ot her sul fuf-contam nated carbonaceous materials, which

process is etbrpeant renayyerfaabeutaiidSreqlitheeyify sritmivanh ‘stuﬁipé‘%HO&Pi“zed

equi prent . QG fgdnsObj ects and advantages of the present invention wll
beconme apparent during the course of the foll ow ng detail ed description and
di scl osure. SUMVERY 2erdinaly annRpesiTeicie Prrsenp ivensip 19 Ripeide i2otfo%ssc il isshes t he
above- descr i daRélivans @h&\Rl a AMshkiab phdpoRioR Vdfthé) Guir PKIAHE Séntdnfifatds SFEAMISNY

sul fur from sul fur-containing conpounds present in coals, petroleum
fractions, oRPOBCES MaETAS - cont ai ni ng carbonaceous materials In a broad
aspect, the | NVeRti QdteOthHct 6Bhe pleat invigtich ©PrdvaRICHAUIFrodEsd REittahiilit@ be
desul furi zed n oxidi zing agent and a carbonyl conpound under basic
condi tions. éa"ﬁgarb leiraqas |y the present invention provides a process for
desul furi zi ng sulshsthier @Bjeétaofthis hvardiod GN@cEovide arploedss ahish i B omBitgdr atSes
reacting a sul fur-containi car bonaceous material wherein sulfur is
present in t A ePes ?H'P(‘jfa“g'ﬁ|af“8?f858‘f{fsai ni ng organi ¢ conpounds with a m xture of
an oxi di zi ng ageAntfurthar a@dcbﬂmbelpr@mmunm nsmﬁpio‘addw;do@ssifdalemnfumngcbaﬂe a

about |56 by REPBH Proogt. b ikt b Galt BB kB P 877 2

typi cal pr oceemmicgidalopapate mdpahm;lawnmtﬁma&ﬂpﬁmhzquqmrmd wi th hydrogen

per oxi de) aceton - r nge of
from anbi ent terrgtehfgébgﬁgg U%Eé?{@%&ﬁese Enéé}%&[gg@ﬁ’%%wgﬁ?ahet {h&ﬁ eh%of from
anbi ent pr eswumseofitie flloingoistaied dessriptibh endrdissiaburé. ng exot hermi ¢ chem cal
reaction causes the tenperature to rise and the reaction mxture to expand
to about 5-1 Stines its original volume with the rel ease of gaseous sul fur

conpounds. The principal produSuMMARY QHEHEINGENRIONTT C reacti on are
desul Tur i zed car bRNAG gwn%e.{a@&&c&ﬁunmags e 30 Qmﬁ ARG prdoifiy Vel ot

of sul fur, sulfur- ainrn ases ur contalnln

exanpl e, hycbrwgess feutembpdeg suﬂi;d fram SLdfuooqnti@)nga;nmP%'atiSblmwt i malSI prtcoletfihe

acet one Of Hadfidus GRS HRDN.AF EIRANAM WLE]: hGhdd iPd ﬁ%aéoaqgeg t, SRR €O
rel ease the 'su ?“tsjr romsultur-c alning organic co i'S recovered
and can be recmgmsbsitnaatmge crbae@sss. maknial hebe @gsqﬂ&utedoﬁlthtahe:xprzmgagmt andaent i on
is to providg,g.nr 1}1\9& e LA T AR paTe 9%1 Q h&%nJmIofi'b}o% i ch
corrprl ses: react ur-contal ning (f ona rrat eria ?1

m xture of aRtogRty @r éqsvi@nmmﬁw-@n@amssﬁwna@ewmmls ahigh sompfigesasaciing aat a

tenperature bdlﬁxi—&bﬂtaﬁlﬁa@%rb@ﬁac&ﬂplnﬁ&halt Whaa&h 3hikk Qs 'ia&se'ﬁbﬂuihe%@f ofREl AR
pressure of about ( atnosphere to 2 atnospheres; and

C| n
desul f ur i zed “PEFNRE PG GRNAGHSE HER 2 mixtye! 2 oxifizing pgept,? ‘%f"%d Mss t han
about | % by waydgdxide to produce a desulfurized carbonaceous product in which the sulfur content is less

than about 1% by weight.
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A:further aspect of the present invention is to provide i ontiguqR%Z
process for desul furizing a carbonaceous material which 5E$Y?@ f

i ntroduci ng a sul fur contai ning carbonaceous material, an oxidizing agent,
a carbonyl conpound) and a base into a reaction zone nmaintained at a
tenperature of about 200F to 250F and a pressure of about | atnosphere to 2
at nospheres; re®¥&%fi§4sai d sul fur-contai ni ng carbonaceous PERE¥HPSW t h
sai d oxidi zing agent, said carbonyl conpound, and said base in said
reaction zone to produce a desul furized carbonaceous product, in which the
sul fur content is | ess than about 1% by wei ght, and a m xture of gaseous
sul fur conpounds conprising hydrogen sulfide and salts; recovering said
desul furi zed carbonaceous product and said hydrogen sulflde and recycllng
sai d carbonyl conpBuhtpical process,copipy é‘rﬁ%‘i"“‘?b@?’“ﬂl?\s rxoprrdthrlyirpsemgersideie

DRAW NG The adyabieasi@Sodithl hyliRaids! e S teRiberdthi@ ilihe BafsY of iOMARbieR RenWetaturd@ bet t er
understood by the foll ow ng description_when considered in C??g‘lt unction with

t he acconpanyi#gtdPaRiang 2 pfﬁ‘P“WHPé'W range of B ampighf PLessue 19 Zatma Hheow
chart of a typlesfing aroaﬁemchuﬁncﬂe&arodameem térhipetalice tﬁl‘r@ﬁﬁﬂ'fthelrﬂtﬂ!ﬁﬁtmlﬁﬂm

DETAI LED DESCRI PTI ON Thag) ‘gt ﬁjte ventlag fs di. AT q Lo ocesalrf or
desul furizi ng Qa¥BEA4Re%0 EPFealty ORI YOUl t“'é'ﬁhn %6?1%“8ur‘1’d§ YV C

sul fur is pres@mpoutse The princied ppdt Wﬁ&eﬁ’tmﬁéea?'ﬁ?”?%@i“% %‘{PP'i‘aﬁ‘?"“?rom
coal s) petr ol enmrhk a6itaiting Jessash stoterv aay g@ighCofMemthe) slmu&ohmmlgesbs ad fur is
present as va . c unds. . Suc nds are
difficult to dgéJl Q?[ﬁaqu é@g%%é\a%jg ur %gllntlzcg'tsfl@ﬁm‘r&é'dua"d g(E)P'eaglmrﬁgl{varl ous
bonds i ncl udi ragetetser thar sarbopd|compounds, whick Geiliis hopd breﬁkfnefo rpleaselthe @U@ frags wel |
as the weaker g iddlcbtitaidifyr sribhd Yonpo@dSis rSdakdrsll md &m OX¥ELMin thapfdkesdnd

sul fur-to-hydrogen) S-H bonds. Al though the use of high pressures and
tenperatures to desul furize various materials has proved successful to sone
extent in the fpwtedasgettof thnpregyt invagion isusprorgdesupodessribadesul fuaiging agbbraedut he use

of speci al i zed,ang REHRI&: apparatus for this purpose The present
invention, rather than utilizing high pressures and tenperatures for energy

i nput, requires onlSFeYGG Piivcoypinas S3beaprses mAEal Withye mixtys akenpdifiag es
advant age of tdaentenedigylpromfoie dndy g tkodido hihe tdiiperatada il thea langeedCinibiint bet ween
t he carbonace i er 2002 WO
00361050 o/ CABRTREES aitu sfhr g“?dn%?éwé{#%ﬁ?‘m‘%@‘é‘&& a‘i“g’%’hmoaﬁgg The

exot her mi ¢ react i ofrdygines dsjulfpcize pacgpyspredugtdh whieh 'B?\%"fafrfﬁﬂt?‘éﬁlhs? B |jttle,
i f any, adjustammni%ed vt t enperature and pressure; rather) the reaction,
whi ch occurs in the absence of a catalyst) proceeds under relatively m|l d
conditions) including anbient or slightly el evated pressures and

t enper at ur es |4 futbasaspadt of theprpsetatvention isSo prayidh angntopewrpeebrsufor desribfudaing a

t enperature tqa@b@b&mzwﬁamﬁhumsesTenperatures of about 120F to 250F are
preferred. Pressur es ener a{yh% rang anfﬁr om about at npsphere to 2

at nospheres. Any c &t ‘fﬂ?‘?’ ag Ceﬁ‘éséﬁatei"ﬁ' PR Yhing ek a stk
present i nventdompouhihwehacase intma Gadien zohomgntaividdea @mpemrestiabmt 200250l ur e

range for operagg%&ggs&g?gagﬁ (@ ﬁéétolzt"ﬁ“lgﬁ‘%dsefe”ed 10 that the carbonyl
ow e

conpound be a relative Ing a 2 or ketone in order to operate
under nmild conditi 6‘?‘?%""61‘53‘? étﬁ‘iﬂé?oatat&rné cme'afﬁPtéggaéﬁ"@l withsaid @Hdizing, aggntnpidy
boi i ng poi nt @fborﬂ/B?mM.Em(uﬁ&nBG)and Bdse [h cspadomdu&ehyﬂeto pMich Ca aesh[ﬁlrizbmg poi nt

of 120.2F (490 pal.E eslf)%ﬂgJl al Ixhl&rtger r%onteg‘sofss %f’haq’ Xtdle/sb¥sucm

acet al dehyde or %ufeor e can errper ature
and pressure adrtu@t’ﬁﬂﬁﬁpssSuléscmummmﬂhyﬁ@seﬂsu&@aa@sahﬁet hyl ethyl 15

ketone and di et hyl rk8leARsaid desulfurized carbonaceous product and said hydrogen sulfide; and

recycling said carbonyl compound.



As oxidizing agent, it is preferred to use a peroxide) s en
peroxi de or sodi um peroxi de. O ganic peroxides such as tﬁf@?gﬁ%%@@?
hydr.oper oxi de, cycl ohexanone peroxi de) dicunyl peroxide, and the |ike can
al so be used, if desired. Hydrogen peroxide is an especially preferred

oxi dant and can be used in the form of an aqueous sol ution containing 20
10% to 60% hydrogen peroxide. Mst preferred is 30% hydrogen peroxi de. For
achi eving basic conditions for the exothermc reaction to occur) a
hydroxide is generally utili zed Sod| um hydr oXi de or pot assi um hydroxi de is
preferred for this purpose. GRHE 3 E0E J Hig b Kan be used include
anmoni um hydr oxi d?h@é?i@mﬁ@lescdnu @ahﬁ‘gr&me%enBﬁﬁénﬁo@@mtbﬁ betk? Aind@stcd@ By WO
carbonate can al so be used, if desired. , 25 The preferred order 0Of m xing
of reactants fPUOviRg deseripfiore Whefr eropigaredciBrsonReEion U"'E e tesempagying) drapvisigeinm
fraction, folyunese R A8 RG BneMalid W6 cRift TASOANGroBE M ZkSBanBO Rith ¢fdD

exot herm c reaction ensues and the volune of the reaction m xture expands
to 5 to 15 tiRESENtiventigni gi nal vol une, while the tenperature increases Wen
the process is conducted at ambi ent conditions, the tenperature increases
to about 130F to 150F During the reactiqon) a 30 substantial anount of
gaseous products is forned, whi chgﬁ@}med. Fol | owi ng conpl etion of
the reaction, therwrmmydveﬁmmreae&aa pRftesd ifd ldedul @ ink cQBdHabBuY BREdalsON

m xture and any  water rese @' 6\ sp be renoved by distillation or by any
ot her oi | / wat*@fchsapan g T‘@H“‘g?’b‘&‘lé Sulfur is piefentyyy eher 2002 WO 991 61554

PC1' / US99/ 01945 Arrheqrra@ww@wsahb@s R EhfGifig Slflr fRftn €Al (PeGblesn Rsctianscandt | nuous
process in which the reactants are |$troduced cont.i nuo sI and, if desired,

heat is added#eh UBAiG PRt WPowhigh sulRip i PFesenf, (28 Vafigps  JIUGQRFRIG ORMIS t | 20F
to ﬁSOF are gempéuntd. \Subiticsthpduiis Chrd diffichle t6 Qlaﬁx':jﬂlrtzﬂ m?&ec:]esldmﬁng oq@irat i on of
such conti nuqQus, process The..princi roducts o reaction. are a
coal o hydr dreBh SRR banie A bt TRy Blots gk Sl Sords O pCPUCHYG o

m xture of gabeweskerpulifiEiutfinasd, Sitfhitto- okige:k $cld,nad sntfedamydwgml YHBoddsngen

sul fide, but also,gontajning sul fur s. ot her, pxi des
of sulfur. If des @H,gﬂhﬁgs ?ﬁ?%&é S"é"(fl“f‘i'gg perawr%éo Ee[s%ﬁﬁpie Yrioys matesfals
process for danypevel mnce@s’ﬁxlttdneod‘ig/dﬁagﬁmmtphm tﬂeemgytem u&hg tsiih r@sebass

product to el ene suI 0.ln the f.ol t| on f t he process
t he car bonacédlk re‘?’r@l s sf’?)‘“%@eda‘é'guﬁxf’ﬁf' zépd’aW“? fdr 'Se‘?(épr?ﬁflf §d"%1§m

petrol eum f r aveatin, ratlhér thah dnnzukgaughrpilamésaﬁmtembamefor edefpgtinpul) eeqgpitd@alys | S
sim'larlyapllcablet es, a as to o r. solid and
1 Gut a car bor: R ARG et et s Bt e et e vl 10
represents a ekathérmi¢Sehdmicalr reStion ibexgveén ﬂh'é qasbbrianéons MafefigiCloi b dwhilficiaed, san
introduced into a mxing vessel L 6 by neans of a conduit 12 and a punp |4.
Acetone is introduced into mxing vessel 16 froma storage tank 18 by neans
of a conduit 20 and a punp 22. A mxture of petroleumfraction and acetone
fromm xing vessel 16 is introduced into a punp m xer vessel 30 by nmeans of
conduits 24 and 26 and a punp 28 Sodi um hydroxide froma storage tank 32 is
introduced into a notionless m xer 40 by nmeans of 20 conduits 34 and 36 and
a punp 38 Hydrogen peroxide froma storage tank 42 is introduced into
notionl ess m xer 40 by neans of conduits 34 and 44 and a punp 46. A m xture
of sodi um hydr oxi de and hydrogen peroxide from notionless m xer 40 is m xed
with the m xture of petroleumfraction and acetone from m xi ng vessel 16 by
means of conduit 48 and the m xture




is introduced into punp m xer 30 by nmeans of a conduit 2 1 he thé‘? of
petrol.eum 25 fraction, acetone, sodium hydroxide, and hydr ﬁ'"}?&F e is
introduced into a reactor separator 52 by neans of a conduit 50 Fol |l ow ng
reaction, gases and |ow boiling point organic fractions including acetone
and |ight oilsvas®sysporized, exit reactor-separator 52, apgpddo§olodt r oduced
into a reflux condenser 56 by neans of a conduit 54. Condensed acetone as
wel | as non-condensabl e sul fur gases are introduced into a knock-out pot 60
by means of a o3fdizt@aguAl, tand B cardRA- GRPSANS R &otbtmid dealad BResPae fiddevigic t 0 a
Claus plant by neans of a conduit 62. Condensed acetone js renoved by nmeans
of a conduit &2)ditoasd ‘é@i‘“ﬁ’i)mf'%é%‘t"éﬂ'r@d&'é‘ﬁ‘é?‘d’? dhe epPeure Rod.pressire. Jatpes Wk ¢ 66,
and recycl ed trgnciidnXivhigh YR6S &l thd Gbosbite BEAGSIYS pdceeyehdirtreldfely luilg Bbndiohs,
product is renoved fromreactQor-separator 52 by neans ?; a conduit 70,

cool ed in a | ifdingjambiens or shghtly glovatpd diressiRy 2SS 5 A ERRFRISEFIPITIYIES
product coql efranfi} fRACabBASHMibn RmPErRLRAE abYit TERASreOfsed Tadtitdres of abbik €r and
desul furized hi %Eer l%oj | i ng) ﬁ?oi nt oils descapd to the bottom of

react or - separ d€6F BZOFhUF Prefemsd Fressyresngr0ed'y onaTIaTs abopt 4 upsesre 7% and

i ntroduced i nta@nadpiefeside product cooler 78. Cooled product is renmoved from
crude product cool er 78) by neans, of, a conduit 80 A d selgarat ed from wat er
and salt in an oi I“-EWB{‘Ia Pyl ggmpound gan beyuse PROGFF 2t BTy & BreluCeveveEn
removed from Gn brdev@b priovid€p eon@dnizht BnpdapturaBagesfoodpeatiaroofahe proc4, 6l grepassed t o
st or age. ter d salt are renoved fro il .- r, separator 82 by neans of
2 condu t Bb dil s¥Berit Pyasd beaz ey Pidpiiash e 3 Bnilanede Pt or 89
reheats a por tunded miMd cdnbitiogsrod thupérattieratdpressure NAdetoae, hadidgartiodihg point of 133.7°F

react or - separ D2 taken of f by means, of condui 2. 10 The
Dventi on 1o SHERGE: o B uRehyry e o aisect g 200 PGP freo BIbE ang
anbi ent pr essprefxred ODtidr aliithydles, suzh fasl @tetabdehydevas bagiclidehylo can dlso G20BEH with
beaker. The specifi ravity of the fuel ojl_was just over .14 API. and it
had a boiling *‘P‘%{‘ﬁ*’g“é‘%ég'“%"ﬁ'é‘!' BYEPrestie ‘h“‘le eRts; 45 oL et Yetonas;such Sé“s"ﬁ‘ﬁ‘a%'fyﬁg an
aver age of153 4®Rftosadnfl dicthgidetoesit . The beaker was pl aced upon a stir plate
wth a stirring pe e i A i1 f ac e was
added and stirred é%g’éﬂ%‘&aé/%aﬁtr gﬁ Sel)rgf)%ﬁ%dr ol usgg_ g%’lkﬁ%.sgépe%% ?F?egtpse%éﬁg ggdi um
hydr oxi de wer goditme perdkids o Ovgadic i parogidesnducinhs tertR00hutyd | hydroparoxade. Fypldhexarone

per oxi de, and ;stiihd Gyl pbpli PRRKET ajso b0 Gsell YPdesiftt! HOGIRA pbBxils 9 Z€
and the gas whs t‘g'l e%[tggakrp%gem%g t&gp oi?!_;ot heseg'ealf(salr. The %[pungt r_lzs.c change
f rom oxi dat i ogspgeially direfesced |oyidans|and eas tegrsedhio thegforn of ansaquequs ejutioRsantaiping r i ng
was | ncr eaged 1t book Bl WIBaSohEREIR i 10R ol dnfERAlL, S 01 i nal

vol ume, and hel d ther gﬁfr%érg he“%u_r_ati on of the 'Tr}eg%:tf‘irﬁgﬁfl A slight negative
pressure was appl i og aghieving dasiey ponditionsfar fhe giethermis reagliqn foraeeus. ¢ Byfdde inf t he

H2S) S02, and gayanptifield ISKRRAHRydRldE o b&%siﬁﬂrhz&Qxi&enis bREred for AACHIrRIze. The
vol umetri c expansi on subsi ded at the end of the reaction. The tenperature

had t hen ri sefPthed hydsexides whigic cantheeused ncludecamppiiumiydieyide andafelstyr HyrqEids ons

used as a cut tHafdsaf} QEKKass6dTRh Birbtdatd tdnSilso bhiRed, GRCHie@N Was conpl eted were
distilled off. Following this tenperature rjse, the terTPerature was further
y

i ncreased o di st i The pesfarred agdeqpfmixing ok geaptanieis o a9d dhecarhonyt Gompound &0 o copl nut es
The fuel oil Wagedditih Ba0BhCRIGRE yeaddRd o AuANYf Batk Tl ok rhgem Atad hi's
time, any 30 cutting stocks that had previously distilled of uri n% t he
reaction may SEOtheEEE ERagtion Rnsues andhtbe volume ofithe reagtiqpgirpigierpapdsdo o£q Ly tiues its

speci fic gravigiyin Vel Ywhit€ e tértpafaiid Rérbasdsi Whed BR pr&2esslid sondiicRd SUAMBRNE zed 1N

Table I. -6
conditions, the temperature increases to about 130°F to 150°F During the reaction, a

30 substantial amount of gaseous products is formed, which may be recovered. Following
completion of the reaction, the carbonyl compound can be distilled from the reaction mixture
and any water present can also be removed by distillation or by any other oil/water separation

process.



11 Novenber 2002 WO 99161554 PC f/US99/ 01945 EXAMPLE 2 Ay ﬁ°‘t’%elﬁp r@bgre of
72F and anbi ent pressure) 100 m of a Venezuel a bitunen was adde 0-a 2000
m beaker. The specific gravity of the bitumen was just under 6 APl and it
had a boiling range of 400- 6SOF. The bitunen was identified as having an
average of 6. 9§Ryedsf Ur content. The beaker was placed ugR R.siidsds Pl ate
with a stirring pellet in the bitumen. A quantity of 30 m of acetone was
added and stirred at 20-30% plate control capacity. Fifteen pellets of

sodi um hydr oxi de re. dj | Y&4.i Budack Af coinaQ% SOleMt &f iy dr ogen
peroxi de and sti r)rQ@eggf'net%tht'ehﬂﬁ%gsa%e% c%ﬁe l%ﬂasurréﬁ g‘eg:};’nﬁt‘13)3&[50)2io"ghliéz?‘et,h and the
gas was col | aeacwuls fareontradueedt coptingusly rpad biE destsed. heaids gdded e tar eastiohsgsesk from
oxi dat i on wasy.g| 158 02908 Ge Qbnedt) FrhinAied ihMRe Bhdibg | Ng vas
i ncr eased unﬁieﬁb%rﬁgé%/%ltﬁ%g%}ga%éc ed 10-1 Se?inr(;es*i ts ori lgi n"a\Se Vol ume and
hel d there f oessellderingoperatiopiof syth eonnupespEacPsn. A slight negative pressure was
appl i ed ats the t OfheQlinlil® pRARKCSE hePrebdfibh bieaThoft drBSRDAR okl Hemhing?02) and
any ot her gaseous s e formed in the reaction. The voTumatrl.c expansi on
subsi ded at ti¢sethamabousfl% swtfunraed e mixowe of BrssousrRsstarndrseltstivainding erederhinantly t o
about - 140F. Igﬁo%g%me%@% RVt b RE QIR ldE, B Weld Botiler oMS&Dr §muA UL i NG
stock remaining after the reaction was conpleted were distilled off

Fol | owi ng t hidgsied, ske)hydrngentselfidscoamba tilizedinsa Elaystorrcess fgrcpmatsion of the lydsaged | of f
any water. AGRAEDHQPRE Siills broi: MRRmdda FigHL es The bitumen vas then
sanpl ed and tested for any sultfur content. At this time, any cutting stocks

that had MY evi ousinyhedpliowirg dasgripsion ofthe pregssithrecasbanaceque mateea) take dawifieizedback to
the bitumen tqnb@dthitcl s PetridufhfadtlonS REGD bé End&iBNd, hywdBd HBNHSHrE&ks i 0
characteristics The results are sunmarized in Table | EXAMPLE 3 At a

t enper at ur e @milzhrapglcable froroalar cpp slwaiss ) wallges be other selig andcliquidrqadpnaggore added
to a 2000 M heakier. The specific gravity of the bunker fuel was just over
7 APl and it had a 25 boiling range of 350-600F. The bunker fuel was
identified as haviygnspevave tsglsavige. shegymmerl 1, Fepeesiitsehtank pprd Be RIS hias

pl aced uppN Ge@dibvin RSBVt InFPodtlel firtd NRixPE s 16 By ks SRAdeRduitl19@hd A
quantity of 10 ml  of acetone was. added and ié}rrred at 20- 3030 pl at e_contr ol
capacity. Fi PEEBA*pAretone s igroducsfinthmirpa MRl de AR AStrge ik S8 ofh | s mi
of a 30% sol ubadah 20 bndwelinpIR2N PRxMXd cipkirdidueh Bdctidn ed atdidne flohamikingkssel The

bunker fuel an to gxidize, and th s 30 s coll ect fromt top of
t he beaker. 'llj‘ﬁgs '{}'Bqdﬁ?Faf'}“? & PEPRRYE "ﬁ’%ﬁ?g&'inﬁfgf %ﬁ“@&éﬁ?’?@gﬂ@a pagie %ed to
the rate of Sodimhihgoxidedrosia stdiigh Gank\3Sis infrodueaiiard aunotibiless Mixeno] by meark afl
reached 10-15 tjnes, | original v ne and .hel d there r ., Jhe duration of
the reactfon. oK"Y %S“gaﬁé §?1§'§ila urg 38, eg‘lislrﬁ?g pﬁ?ﬁgdea%%T F &grat Iaqua} t 6"60% he
beaker to f aditb mbédnkessraireaby wéant dfeorldidiBs)34500P44 aad 6 pamy46. A mixtuielof Madiember
2002 WO 991 61554 .PCT/ . US99| 01945. ot.her syl.f.i des . f !
reacti on.  ThAVOBHERY RroRs aief FOF mABRER Wiy it AR oftTRE nbllel OF
petroleum fraction and acetone from mixing vessel 16 by means of conduit 48 and the mixture

is introduced into pump mixer 30 by means of a conduit 24 The mixtyre of petroleum
25  fraction, acetone, sodium hydroxide, and hydrogen peroxide is introduced into a reactor-
separator 52 by means of a conduit 50 Following reaction, gases and low boiling point
organic fractions including acetone and light oils are vaporized, exit reactor-separator 52, and
are introduced into a reflux condenser 56 by means of a conduit 54. Condensed acetone as
well as non-condensable sulfur gases are introduced into a knock-out pot 60 by means of a
30 conduit 8. Non-condensable sulfur gases are flowed to a Claus plant by means of a conduit
62. Condensed acetone is removed by means of a conduit 64, recycled to reactor-separator 52
by means of a conduit 66, and recycled to mixing vessel 16 by means of a conduit 68. Light oil

product is removed from reactor-separator 52 by means of a conduit 70, cooled in a light oil

-5-



the reaction. The tenperature of the fuel had then risen about F The
acetone and any hydrocarbon factions used as a cutting s?t@ﬁv?ﬁhéﬁ%hggg
af.ter the reaction was conpleted were distilled off. Following this rise,
the tenperature was further increased to distill off any water. 5 Average
processi ng ti myvowwels86 m nutes. The bunker fuel was then senpisgdiamnd tested
for any sulfur content. At this time any cutting stocks that had previously
distilled off during the reaction nay be added back to the bunker fuel to
mai nt ai n t he Médugl daaler TP aad passed G Mdtage)byamdnspdiisoridit 7¢ hitaee el desdlfudmd The

results are su i.zed in Tahle | 10 MPLE.4 At a tenpgrature of 72F and
anbi ent pres jlﬁrpgﬁa[;%%'gn‘fo‘%f"dﬁﬁesﬁﬂ\dcfgn‘{‘%&’&‘ ﬂ%é???orésfﬂaéazorpﬁo\ﬂhareed'hﬂ’yarf he
Comonweal t h rebvelR§ imeina @f Coomeiain V6 wabinackhed itto aacnkid @bdndt chalerkisr .Cobled

specific gravity of the ude qil j ust,.qver 14 AP it had 90%
boiling r ange"'%%'&V@ r%f’—‘fﬁﬁémg? ﬂ@gﬁgf{m She'd o dArs o it hdélg% é‘v‘? ﬁ%’a‘gtr?aaver age
of 2.9% su f Uroncwaiérand salt Thsn dileedte sepafatonds Pésalfigided nosla pavdet isrreqdvad fformd t h a

stirring pellet in the crude oil. A quantity. of of et one_was added
and stirred a"[?"%qréfﬁ%abqras? g’y &5 o6 F °§%“§%&t§i‘ t%d ﬁs#goeshrpo%%er Ivg & %‘P S T
hydr oxi de werreméved ifrosi dilswdtereselparator 183 byl méhs af 808ddgioBaItndopassed td yalstargen

per oxi de, anq Sti rrg\dti The cru

. i| idize, d
PEr O 00, M hht BB HE Gl DRgBRe PRI b g,

e Vo %ange
from oxi dat i cuf reaster-atpargort 12\taker bifibyerdeanoofichmiuite@0and?92.st i rri ng. The 20
stirring yps increased until the volume had reached 10-15 tines its
original volunme and held there for the duration of the reaction A slight
negati ve pressur eTheiaveapplii exemplified dsdoliowp of t he beaker to facilitate
removal of the H2S, 502, and any ot her gaseous sulfides fornmed in the
reaction. The volunetric expansion subsided at the end of the reaction. The
tenperature had then risen to about EXAMPLFhe acetone was distilled off

Followng th s 1 CHpRlbdtiie'of PRF addffutent ot SORLT R HoPNYRTud U LAMGhadiigs cased

to distill off any verage processing tine was m nutes. crude
oi | was t Hen 208Gp| keakenn@he sperifiscgravity ofthe/fugl glilfwas justoryereldtAPI Tkt hasds hoilisg ar e

summar i zed | Naab@Bf 08-450°8_The fuck il MRGFRGI 2¢ B¥g WPRRAIEIE3 2% shdBleBntbnt.
PCTI US99101945 "Oper ati onNo. 6 Fuel O | Venezuel a Bi t unenBunker Fuel Heavy

Cr udeAver age Thgbeaker was plagadiupornpstis plagvithn shitrige pelist 18 therfyel pibcABBHYIA A8t i on,

m 100 - 1005034\phdsriRe Rhs ABEE MASird A€ 80-30% pRRBQAAUICINIRET T pelhd dr@bduf
sodi um hydroxi del0t 51515Vol une of 30% %dro en peroxi de, ni202515I

: . . 3 .
SAver age r eadviiigrds,vese ther distplved ined0 Ml of a58%esslition, ofhydrasea peeye. chitigdd after
processi ng. 3o W béhker PERIGASEbdghn Uxidide, MO Meqal wasiBillecttd &6mUDop 4246. 55

beaker. The volumetric change from oxidation was directly related to the rate of stirring. The
stirring was increased until the volume had reached 10-15 times its original volume, and held
there for the duration of the reaction. A slight negative pressure was applied at the top of the
beaker to facilitate removal of the H2S, SO2, and any other gaseous sulfides formed in the
25  reaction. The volumetric expansion subsided at the end of the reaction. The temperature had
then risen to about 140°F. The acetone and any hydrocarbon fractions used as a cutting stock
remaining after the reaction was completed were distilled off. Following this temperature rise,
the temperature was further increased to distill off any water. Average processing time was 32
minutes The fuel oil was then sampled and tested for any sulfur content. At this time, any
30 cutting stocks that had previously distilled off during the reaction may be added back to the
fuel oil to maintain the original specific gravity and physical characteristics The results are

summarized in Table 1.



Coal can be treated by using the reactants in simlar or htion,

it Is anticipated that the invention can be used in conbﬂﬁlg?\{é%be\?ﬁtggéot her
physi cal coal cleaning processes 5 including but not limted to coal

washi ng. Because the initial reactant is water soluble, water may be used
to I essen the woag§@dt costs in reducing sul fur from coal .pcthRed?d4€90i N9
detailed description is to be clearly understood as given by way of
illustration and exanple only, the spirit and scope of this invention being
limted solely by the appended cl ai ngxafipLekl Novenmber 2002 WHAT | S CLAI MED
I'S: 1. A process for desulfurizing s'U‘I%U‘I’T'C'cTnt ai ni ng carbonaceous materials
whi ch conpri ses rabttempeyatares[729 and apfien ﬁﬁeﬁgmc‘aﬂoﬂﬂr?gée‘fm%m%?’éﬁ‘?ealwa&\her ein

sul fur is preggato hBoddG dele Bfe spétltl BravePsrtiRd Biufith Risdadiiufdes @NIPYRAR Wi th a
m xture of an oxidizing agent, a carbonyl cory&ound, and a hydroxide to
1

produce a dedwd # beilingaenge af 4981 £6EEUThadrimercyasiigentficd @hhaving ag aijefage of&He ent i s

I ess than abqQifur LoRdlY MRibERLrwas plackl GpdalaQeiestae Mth £iding pbiteti@h&ditimedi A
carbonaceous material is a petroleumfraction. rocess, of claim1l

] ! 3. The p ) )
wher ei n sai d W&t 3e abhakacpiareayds afdef andgigpd at 20-39aplaty coptralcapgpitye | Eiftgsn 1

wherein sai d ek dbfZdoiOm HJEBidd Rerd tHRA RIS in 25 ml [B€ a BORCRRFioRor EJ{@&@M
wherei n sai d peroxide is hydrogen peroxide, 6. The process of claim1

wher ei n sai d REWKBRIIstiTipe thederke. Jh bitugise beepn tortidizyapd e sappascpliertet 6
wher ei n sai d s @O@p bBthe 6&k&N The Polumed RAMRE B&E oBlatioh MadireciyehRil b hai d
hydroxi de is an al kali netal _hydroxide. 9 é@gaﬁ%g ess of claim1 wherein

the sul f ul0 c&He ORFtirgse. s Ahestistiner was_ipgssesed; yatil ot eaehed i d timgk thas been
reduced by abypihal $6%né shd¥aAahedQor R RirdtioR 6RESrettiof: | Aklightlneddive feuldeak des

Z?L}dp§1333 ngralpqzle atCt %t%%gg@ggéiergéggiﬂg}e’re o%zslleo?ﬂ\% E?Zgl g(% ag zm;%t r(l.rd gasgoqxg salts
sulfides formed in the reaction. The volumetric expansion subsided at the end of the reaction.
The temperature had then risen to about 140°F. The acetone and any hydrocarbon fractions
15 used as a cutting stock remaining after the reaction was completed were distilled off.
Following this rise, the temperature was further increased to distill off any water. Average
processing time was 41 minutes The bitumen was then sampled and tested for any sulfur
content. At this time, any cutting stocks that had previously distilled off during the reaction

may be added back to the bitumen to maintain the original specific gravity and physical

20  characteristics The results are summarized in Table I

EXAMPLE 3

At a temperature of 72°F and ambient pressure, 50 ml of a bunker fuel were added to a

2000 ml beaker. The specific gravity of the bunker fuel was just over 7 API, and it had a

25  boiling range of 350°-600°F. The bunker fuel was identified as having an average of 4.8%
sulfur content. The beaker was placed upon a stir plate with a stirring pellet in the bunker fuel

A quantity of 10 ml of acetone was added and stirred at 20-30% plate control capacity.
Fifteen pellets of sodium hydroxide were then dissolved in 15 ml of a 30% solution of
hydrogen peroxide, and stirred into the beaker. The bunker fuel began to oxidize, and the gas
30 was collected from the top of the beaker. The volumetric change from oxidation was directly
related to the rate of stirring The stirring was increased until the volume had reached 10-15
times its original volume and held there for the duration of the reaction. A slight negative

pressure was applied at the top of the beaker to facilitate removal of the H2S, SO2, and any

.7-



11. The process of claim 10 wherein said gaseous sul fur unds rise
hydr ogen sulfide. 12. The process of claim 10 wherein safﬁﬁgges@gﬂg%gg?fur

conpounds conprise sul fur dioxide. 13. A process for desulfurizing a

car bonaceous material which conprises: reacting a sul fur-containing

car bonaceous nMOMEEE4 with a m xture of an oxidi zi ng agent pceussasibony |
conpound and a hydroxide at a tenperature in the range of anbient
tenperature to about 250F and a pressure of about 1 atnobsphere to 2

at nospher es; ativd ggseavs sudfidegformed dsthié feegtipn: cthe yelpbesnaexeansion pybeidedoat thegndwfi ch t he
sul Tur cont eithe logrib SheelilraftROb he'nidl Rt /il o alshy 108, PAACESR ol o) 21 M 13
wherei n said carbonaceous material 1s a petroleumfraction having a“boiling
poi nt Wi t hi n hyteocarzondastions usddasn c@B@stack rerEDing af | theThestipny wasesomplofed wlerti m 13
wherein said { arl j I l.ai.m 13
wherein said (g%n I Z1 %gﬁ)(giﬁ;%%g ?gsel gIL }t)ég’?gg@%gas %h?t.he@ﬂgeag{dgg g;s%g“ %iang I@*eg | 6
wherei n sat d paerageipdecessisg timp s dyminutee r Hwibueker figl wapilen sarpledsand gested ifori m 13

wherein sai d £aGANYnterC MO Hmd Sy Rutif Q6LRs thichad PREINIPERMS GF durhngiid 18
wherein said ketone 1s acetone. 25. The process of claim1l3 wherein said

hydr oxi de i s raastief may be sddedaback jajthe bunker fugljto mamtpin\ihe erigieal spagific sayity ade

process of claldallhardfiGsfdsN Thd YesuRdlr Winnfafistli GNEabRT Sai d sul furcontai ni ng
carbonaceous material has been reduced by about 85%to 95% 22. The process

of claim 13 wherein besides said desul furized carbonaceous product, gaseous
sul fur coggpounds and salts are produgg@dmpts.4 The process of claim 22

wherei n sai d gaseous sul fur con})ounds—T:‘GTr'ste hydr ogen sul fide. 24. The
process of clai m Aba iemeeraure ofJ2°d g ambiens presspreyi0 Rlodf38 whidentifieshheayysaudey | f ur

di oxi de. . 25ovldig bPiHe €omhofleatitl Bil Refinihg\WoRip &y Wak el GAE bo0RmitbefBE M BleUr € 1S
about 120F to 2S0F. 26. The ﬁ?r ocess of claim 13 wherein the reaction

t enper at ur e iS8ecHiGiBravieY of theprudeil iras jushever HAFgndsihhad ¢ ¥k Poifing r@reg 3bevse
tenperature risees The cralldoif wak idmifled aslialiig @ delafior e ORI UIontete ThEBGkdrON

m Xture expands {o about 5-1 S tjnes of its. original. volune. 27. The
process 0%40 c| s ipfaged YpAR A SHinplate vith @ Stiring) ne‘%ﬁﬁﬁﬁ» g{ﬂfr ol 3 ity ofi e oft

acetone was added and stirred at 20-30% plate control capacity Fifteen pellets of sodium
hydroxide were then dissolved in 15 mi of a 30% solution of hydrogen peroxide, and stirred
into the beaker. The crude oil began to oxidize, and the gas was collected from the top of the
beaker. The volumetric change from oxidation was directly related to the rate of stirring. The
20  stirring was increased until the volume had reached 10-15 times its original volume and held
there for the duration of the reaction A slight negative pressure was applied at the top of the
beaker to facilitate removal of the H2S, SO2, and any other gaseous sulfides formed in the
reaction. The volumetric expansion subsided at the end of the reaction. The temperature had
then risen to about 140°F. The acetone was distilted off. Following this temperature rise, the
25 temperature was further increased to distill off any water. Average processing time was 27
minutes. The crude oil was then sampled and tested for any sulfur content. The results are

summarized in Table I
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about '200F to 250F. 28. The process of claim 13 wherein
conpound is recovered 29. A continuous process for desu
i ntroducing a sulfur-contalnlng

conpound, and a base

car bonaceous
car bonaceous

mat eri al
mat eri al |

whi ch conpri ses:
an oxi di zi ng agent,

a car bonyl

PENBRIoRY:

uri zi

into a reactlowO@@mgynalntalned at a tenperature of about gggﬁmQQMQSOF and
a pressure of about 1 atnosphere to 2 atnospheres;

sul fur-cont ai ni ng carbonaceous nateri al

react|ng sal d

wi th said oxidizing agent,

S

aid

ycling
di zi ng
aid
in the
en
y the

car bonyl conpound, and said base in sapgBifgpcti on zone to produce a 12
11 Novenber 2 desulfurized carhonacegus nroduct in which the sulfur
content is |dss tha®patstien 1% byl weNei6t , |arMenezueld Xt uBunksf dasdouy Slm fur
conpounds corprising_hydrogen_ s | f FerbOHnd SBitumen rlecobuesti nd s &irudle
desul furi zed |c gﬁu t angd, saild hxﬂ;ogen sylfidg; a g re
sai d carbonyl '@eﬁg ?@0&{%&8{ procéss af claimd9 vxlner el sa?', 0Xi
agent is hydrqgﬁmwggﬁ |cG6on Sai d canpenyl| coggpund is sgcetane, sgnd ¢
base is an allkgld m’rm)gfdhydrom e. 31. The procesq of claimf 29 wher
sul fur contet—of said sulfurcontaini aLbOnagémLﬁ;i&ﬁiﬁ4éﬂ-i¥¥&_bi
reduced by ajorplun22bade@nOmfied, &2 A cgrbonaceags nmdgterial when made
process of arpy—enre—ef—etatrs—tto3+—43H+AYASA——ARA
.AY. AL A A AF. Ahhxbékh‘(pe@laﬂs bfséh:uMQ* ATZU® n( {8 | 1ism-: $| wr rtgb] Vv 15

hydroxide

Volume of 30% hydrogen 20 25 15 15

peroxide, ml

Average reaction processing 32 41 36 27

time, min

Average sulfur content after 0.3 09 0.7 0.1

processing %

Decrease in sulfur content, % 9118 86.96 85.42 96.55

Coal can be treated by using the reactants in similar order. In addition, it is anticipated

that the invention can be used in combination with other physical coal cleaning processes

may be used to lessen the reactant costs in reducing sulfur from coal.

including but not limited to coal washing. Because the initial reactant is water soluble, water

The foregoing detailed description is to be clearly understood as given by way of

illustration and example only, the spirit and scope of this invention being limited solely by the

appended claims

9.
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3. The process of claim 1 wherein said carbonaceous material is coal.
4, The process of claim 1 wherein said oxidizing agent is a peroxide.
5. The process of claim 4 wherein said peroxide is hydrogen peroxide.
6. The process of claim 1 wherein said carbonyl compound is a ketone.
7. The process of claim 6 wherein said ketone is acetone.

8. The process of claim 1 wherein said hydroxide is an alkali metal hydroxide.

9. The process of claim 1 wherein the sulfur content of said sulfur-containing

carbonaceous material has been reduced by about 85% to 95%.

10. The process of claim 1 wherein besides said desulfurized carbonaceous

product, gaseous sulfur compounds and salts are produced.
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13. A process for desulfurizing a carbonaceous material which comprises:
reacting a sulfur-containing carbonaceous material with a mixture of an oxidizing
agent, a carbonyl compound and a hydroxide at a temperature in the range of
ambient temperature to about 250°F and a pressure of about 1 atmosphere to 2
atmospheres; and producing a desulfurized carbonaceous product in which the
sulfur content is less than about 1% by weight.

14.  The process of claim 13 wherein said carbonaceous material is a petroleum

fraction having a boiling point within the range of about 250°F to 700°F.

15.  The process of claim 13 wherein said carbonaceous material is coal.
16.  The process of claim 13 wherein said oxidizing agent is a peroxide.
17.  The process of claim 16 wherein said peroxide is a hydrogen peroxide.
18.  The process of claim 13 wherein said carbonyl compound is a ketone.
19.  The process of claim 18 wherein said ketone is acetone.

20. The process of claim 13 wherein said hydroxide is an alkali metal
hydroxide.
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25.  The process of claim 13 wherein the reaction temperature is about 120°F to
250°F.

26. The process of claim 13 wherein the reaction temperature is ambient
temperature and, during said reacting step the temperature rises to about 130°F to
150°F and the volume of the reaction mixture expands to about 5-15 times of its

original volume.

27.  The process of claim 13 wherein the reaction temperature is maintained at

about 200°F to 250°F.
28.  The process of claim 13 wherein said carbonyl compound is recovered.

29. A continuous process for desulfurizing a carbonaceous material which
comprises:
introducing a sulfur-containing carbonaceous material, an oxidizing agent,
a carbonyl compound, and a base into a reaction zone maintained at a temperature
of about 200°F to 250°F and a pressure of about 1 atmosphere to 2 atmospheres;
reacting said sulfur-containing carbonaceous material with said oxidizing

agent, said carbonyl compound, and said base in said reaction zone to produce a
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