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This invention relates to a nethod for extracting oil from

ot |l -contam nated soil using a solvent and sonic energy in the | ow
frequency r 5to 2.0 kHz. G | -contam kde drill
cut'?i ngsyangv(g?ﬁg‘?‘s materials are wide spread in Nor?ﬁ*ﬁgrr%s?fl}?as The
contam nation | evel is high enough, 2 to 5 w.%o0il, that t he solids
must be put aside, or in storage, awaiti g sone remedi al action.
Many net hods have been devised to renove the oily cont am natlon but
nost are expensi g ; ol B e S L 5P Qheir 5

partially oil contam nated. Ton results In rem)val to
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i nvention for extrail-kpritaminatedr 8611 ardﬁﬁmcuttmgsuanagoahwl vent and

sonic engrgy i w [ of. 0. 0o 2

u. S Pa'[ggnt m&%ossffr 9}5{? égggggnﬁ’h %ﬂbl? %r?cta ngw ng oil from
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U. S. Patent N&tﬂﬁ%é@dﬂé&b@i&ﬁ Qeﬁﬂdi@cbefﬂhally oilexbhesmingeed) from

shal e by enpl t 9, 376,034
di scl oses a rre (#gnd’&%%% %egggg‘gewn e%?'fa* roms é%‘ %ﬁ %?/"'\%ﬂlﬁ
ul trasonic ené#tg%reattransportﬁﬁeqnenndesth%ews;@ agezhial. 3, 000 nHz.

U S. Patent No. 4, %%1&2:&:&!-%CEagaﬁdanmwﬁ;éacﬁmn, MobilePaERét NGo.
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ener gy |n t he freq’uenc range O
15 Sands™ and commonly assigned, discloses a method similar to

-the present invention for extracting bitumen from tar sands
using a solvent and sonic energy in the low frequency range
of 0.5 to 2.0 KkHz.

U.S. Patent No. 2,973,312 discloses a method of

20 removing oil from sand, clay and the like, including
enploying ultrasonic vibration.

U.S. Patent Nos. 4,054,505 and 4,054,506 disclose a
method of removing bitumen from tar sand using ultrasonic
energy. -

25 U.S. Patent No. 4,151,067 discloses a method for
removing oil from shale by applying ultrasonic energy to a
slurry of shale and water.

U.5. Patent No. 4,304,656 discloses a method for
extracting oil from shale by employing ultrasonic energy.

30 U.S. Patent No. 4,376,034 discloses a method for
recovering oil from shale employing ultrasonic energy at
frequencies between 300 mHz and 3,000 mHz.

U.S. Patent No. 4,443,322 discloses a method for
separating hydrocarbons from earth particles and sand

35 enmploying ultrasonic energy.in the frequency range of 18 to
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- 2- 27 kHz. U S. Patent Nos. 4,765,885 and 5, 017, 281

di scl ose nmet hods for recovering oil fromtar sands enpl oyi ng
ultrasonic energy in the frequency range of 5 to 100 kHz 5 and 25 to 40
kHz respect WO4A14765 U S. Patent No. 4,891, 131 di BCTAUS%42585 et hod
for recovering oil fromtar sands enpl oying ultrasoni c energy

in the frequency range of 5 to 100 kHz. In contrast to the
prior art, in the present invention 10 -2- oil-contaminated soil is mixed
with a solven{_to forma slurry, the slurry is fed into the top of a

vertically 27 kHﬁ'rsposed acousti c chanber and fresh solvent is injected
into the bottom of UtSe Paterst iNoschantiés,aas ahadves, oqmyaedl isclose at a
controlled r e t i o] | 5 cgjh? ) ed soil fall
by gravity tﬁ;rngﬁg &%h%y%ol[t%cedrq\%rér? 511 Erggr%a%u%?ne%{e ggysl?i’ Ic energy in
the | ow frequBhET2FaRtRe epergy in thes frgapency pangh sfelf) tichd 08 kHes
renovedSfrom &ha 85ito 40 kHz arbpadictioeled by the upwardly flow ng sol vent

wi t hout cavpla! | pdedfe W 908Y90131 21scr0ses U leckNe
I nventi on _ A ngthod for ‘extracting m??romm -contam nat ed
soi | WFEAOKEEHRY ML FHTH taT FrBErLEBPIRY NG HEl Igasania kaesgy|

conpri si ng t hénstrestréqueticy range of( 8) tonted rnegiz he oil -contani nated soil

with a sol vent f rr il.- ' SOi
suspended in the S%?V%%?t?rast to tt?l? ?’fgg? ?%Féc ri‘%h%)t#ere%%&g%‘t@%&h%gg{‘ed
soil sifrry ipid—contaminated soil dgemippdr vk dfseXant itealfioymdidsposed,
3? y slursypstieats Ridny ri@ctf&agtihaf; ghapesh ot |loweramaany

of uniformecr - i L Si e .. s.alnlecting a
solvent into ?fi%p?%%rg%% 0 étanﬂé%%Q Qﬂa.hesh SOLYY o\F cﬁ?g%é:%&t hatg

fl ows upwardl ¥PERr BRGHPeHem of the acoustic ghankry Gnthifdows Wwpwaxddy| ow
enough wher ebgtt Secdftrolled rate whetebyctheapareicres s qda-ticles fall by

gravitxs contaminatedtggfﬁﬂggiah%yuewg@gLy éﬁﬁgﬂéﬁ’fﬁg\ggyéent and
are subjected to sonic energy in the low frequency range of
0.5 to 2.0 kHz, whereby the o0il is removed from the soil
and dissoclved by the upwardly flowing solvent without
cavitation of the solvent.

20

Summary of the Invention

A method for extracting oil from oil-contaminated soil
with a solvent which is miscible with the o0il in the soil
comprising the steps of:

25 (a) mixing the oil-contaminated soil with a solvent
to form a slurry of oil-contaminated soil )
suspended in the solvent:

(b) injecting the oil-contaminated soil slurry into
the upper end of a vertically disposed,

30 substantially rectangular shaped hollow chamber
of uniform cross-section and simultaneously
injecting a solvent into the lower end of the
hollow chamber that flows upwardly through the
hollow chamber at a rate low enough whereby the

35 oil-contaminated soil particles fall by gravity
through the upwardly flowing solvent:;
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and solvent in the hollow chanber to sonic energy in the
frequency range of about 0.5 to 2.0 kHz by means of an
acoustic traﬁﬁﬂ attached to the 5 out erpSHE: gf one
side of the ﬁg&#chanber wher eby the oi oﬁéﬁﬁgmsoi
particles is di spl aced therefrom and di ssol ved by the
upwar dl y fl ow ng solvent w thout cavitation of the

sol vent; and 10 (d) recovering the substantially oil-free soil
particles. | t 4 tively
remove oil fromoifc)con%mJ €¥€§ g%elg%f #£H§§H1&H£é§5éﬂ&l”BﬁﬁtQEigg

oi | - cont ami nat ed soi | Fﬁﬁﬁlﬁﬂ%&?“ﬁnla §va¥9%1°WrﬁhﬁﬂHQHgt£55°“19hén§F%¥ry
into the top of an acouﬁﬁ|ﬂhe:E&@hﬁéncynreﬁ¢¢rur about df.5ex 200VRHE byt 0

the bottom of the acou%%% & "%"ttg rrx&o&&tic trar%;civﬂ%@c%\@rcﬂle& @é @he

controll ed rate whereby € par ontam nat €d sol
by ‘gravfty through the outer sugfagenef epel sidg «f ithe @ﬁélﬁarghémberof

oi | -contam nated 20 vﬁféie@nd:h%%unbntga@%ﬂ qaartgmle% ge frequency
range of 0.5to the 0 ved n1the i1 and
di ssol ved by the upwar a‘qullac\ﬁdn&g? ERE W‘i h%’(ﬁsol%rr% ® c§\57| t&P‘r’Bﬁ3§¥ t he
solvent. It is an advanfayns Spﬁyent withepteaitahion odnthBat the use of
sonic energy in the | owddvent; aphaquency range of 0.5 to 2.0 kHz and the

shape t he acoustic cha eV nts £ of the solvent and
enabl e I“'the oi | to(%@ T e errect WQ§8|§“?% onﬁﬁh%%ee sc'ﬁsml 30
Description of the Drawanficles. F|g 1 is a fl ow sheet

schematical l'y l||u&ﬁréﬁjét9: Ebf thls 19<re£eié:eduprwetdweeeff%cexbémgtI ng oil

ML o o e A bob PSR R B AR e
used accord.ngft@11+gpqﬁamggﬂted soil partlcles in a solvent, injecting
15 the slurry into the top of an acoustic chamber, injecting
fresh solvent into the bottom of the acoustic chamber that
flows upwardly at a controlled rate whereby the particles
of ocil-contaminated soil fall by gravity through the
solvent, and subjecting the particles of oil-contaminated
20 soil and solvent to sonic energy in the frequency range of
0.5 to 2.0 kHz whereby the o0il is removed from the soil and
dissolved by the upwardly flowing solvent without
cavitation of the solvent. It is an advantage of the
present invention that the use of sonic energy in the low
25 frequency range of 0.5 to 2.0 kHz and the shape of the
acoustic chamber prevents cavitation of the solvent and
enables the oil to be more effectively removed from the
soil.

30 Description of the Drawings

Fig. 1 is a flow sheet schematically illustrating a
preferred procedure for extracting oil from oil-
contaminated soil in accordance with the invention.

Fig. 2 is a schematic diagram illustrating the

35 laboratory apparatus used according to the present
invention.



dnvention. WO 97114765

PCTr US96/ 12535 4- Descri ption
of the Prferred Enbodi nent According to the present invention,
oil is renmoved fromoil-contam nated soil containing 2 to 5 wt. % oi |
by a WOI7MeTES extracti on operati on enhanced by soni cCPET/USSIRESS5S
energy in the audi ble frequency range of 0.5 to 2.0 kHz. Referring to
Fig. 1, oil-contam nated soil containing 2 to 5wm.%o0il is first
mxed with a solvent in tank 10 and the .4 m xture fed into a slurry

m xer 12 through line 14. The _ ratlo of 0|I-contam nated soil to

sol vent i s dehesds

oper ati ng range of abBBraing taaéw ;gé 4 e %@gf egigoil igysplyent is
about 0.3t vol une an erabl y, ogg g to 10% by voI une.

'n the EXGR LirORtaBLAARA (T Logi P 2 bHeF chightly bY
m xed with t heodwlentnextpatbion aopémtgomfenhalnceﬂShy sonix aacaadtect Soi |

suspended in te*x’x%r??' ‘iﬁn%he gﬂi%tﬂee?uencthe gggf,@f 0Ol !E‘gg? ited soi l

and sol vent aRp I'n the
sol vent and aReferripg, tpoRigs %hé%T%’&aWé‘aﬁi@séP%dc?ﬂt?W’éﬁI2 to

remaining in 5 wt.stbélshsl fifse miked onithmanaoddenti instamk y10 sarteltheer ed
by 20 graV!mfmtthaféHa fitoS4"Eflery' 'm ‘,&Wﬁe ghhgﬁgﬁﬁg'h. Th

particles having a part e Size gre retai ned
on the shaker E QeﬁflﬂlMFEHtﬁ‘Pb“%@‘? \&‘?Je]dqc‘rémlve"t ignderendent smaren 14
to a crissher (met ssliowprbpestigsandisually !t theCopeatingi tafse to£itafe are

recycl ed to t3a1h0okOb1 Ficone ShiddiGed! ngs%ves@,&venlh&%ﬂ?&ené apnggt ed

soil slurry contal nin I'es eg 0 or t han
1/ 4 i nd?3 Byt HSH“F‘EdaPﬂtBr?f‘@“!W'ofab&%rst tealPy By syeiwee. In
rect angul ar sltaecdlukel| mixarous) i the heoritmmitatell woiloim thoroughly

t | yept t - 30 ti
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chanber!® The ceasAmippted: spil susPe“‘??ﬁe‘é’t g ﬁ’P&"FﬁE bo??%*ﬁ%ftlme
acousti c chanmbixihg of ail-contamiméted =il aind ksolwwenbughpobeidabyot he

?leﬁoﬂtgﬂgnakﬁg 0il in tRE! BRI 1iE! 8FeddN I i8] theY sbPviat ladkly Pravity
9 portion of the solvent is dissolved in the cil remaining in

the scil. The oil-contaminated soil slurry is delivered by

Usual ly, the

20 gravity to a shaker screen 14. Coarse or large soil
particles having a particle size greater than i1/4 inch are
retained on the shaker screen 14 which are delivered from
the shaker screen 14 to a crusher (not shown herein) and
the crushed soil particles are recycled to tank 10 for

25 mixing with solvent. The oil-contaminated soil slurry
containing smaller soil particles egual to or less than 1/4
inch is then fed into the top of a vertically disposed,
rectangular shaped, hollow acoustic chamber 16 of uniform
cross-section. Fresh solvent is fed into the bottom of the -

30 acoustic chamber 16 through line 18 and flows upwardly
through the acoustic chamber. The fresh solvent is
injected into the bottom of the acoustic chamber 16 at a
controlled rate low enough whereby the oil-contaminated
soil particles in the slurry to fall by gravity through the

35 upwardly flowing solvent. The oil-contaminated soil
particles and solvent in the acoustic chamber 16 are
subjected to sonic energy in the low fregquency range of



35 upwardl'y flow ng solvent. The oil-contan nated soil particles

a j ect ed t o—sente—energy
in the | ow frequency range of WO 97/ 14765

PCT/ US96f | 25 about 0.5 to 2.0 kHz, preferably 1.25 kHz, that
renoves the remai ning portion of oil fromthe soil | t her eby
permtting VRSTA4165¢ o go into solution in the upwardly Mﬁéf’ﬁgﬁiig
solvent. The upwardly flow ng sol vent-plus-oil is 5 renoved fromthe
top of the acoustic chanber 16 through | ine 20. The substantially
oil-free soil particles cont ai ni'r?g 0.2 to 0.4 wt.%oil fall by

gravity to thgoue o.5 RY OB Riizt @ﬁgﬁ%f CRAATREE , 18nh 8t Pefiobad kerie?

cont ai ni ng “wat er del’i ver el ine 24. The . substantially oil -
10 free soFemHERNG portion pE 9h1tf1’é°%va"tkﬁ S5 m%écilaﬁr 9’6&3’

oi l.-free soi | pegmitttines thespéhded go iwtersdlhwttiaons inetheedpwardly t hrough
line 26. The t angphal | r ' t-PRALLSL £Sid N
wat er cont ai nﬁ%w%?l‘ﬁ go(}.s’%gt%o O.&’hévég‘gf%ﬂq;i%%ﬁwd = ?’ggosggﬁof tg *

spreadihg it ERREVEG FFAMotheakaPs af nFhR acpusti champez REsEREAYIRi | | evel s
are legally |pimersogh Thelldebstantiallbe &il-sfifdec seiidr ppriidclée | ow

frequency rag‘%ﬁ%\;ﬁvnﬁ‘%‘?% to Obfl%.ih@ifcﬁl’.ﬁ[ ibgoyﬁﬁg’gﬁi t?”@n&he

counter-curr | -cont anmt nat ed cles and sol vent
si gni fi cant | ypottom ofothe,agQusbic Phamkey & iidtF bR tABKRE FPRERIBANG | -
20 cont amwete deliilvered through lile 2coudite subathatidblgoasists of a

. co liverea thc ' _
ross Boli onkyes MY BREHICARE BORLE 1 R Lackd el RSk By U 0T

vertical |y diebbseree saddapatEirienprtpenind dn »ater thatpif BEmaYRd or m
Cross-sect i onthwoudry ldrd _st. pzhe siurry of dursitaprialligl odldeseansoil
second pair r;al | | enfiyr aLt,of . flat
parallel sid ?ﬂliésféle%a H g’%bltgfaﬁ ?%?%ﬂgie%g%l% vt?nladtoﬁ‘;t ﬁ%hgtﬁfél s;éscond
pair of flat disposed, of,byeEPERAAENT Akt PRI Jand-ifgr PanghEazminstic energy
s 30 15 genesiias the addsdchangoi el évens dwerlegd 1yo lokeenbdgh. The

Sronen L nefiod onld lrdl 0 nd ol S 2UHGR, che sk T
of the acoustic chamber, and the counter-current flow of
oil-contaminated soil particles and solvent significantly
enhances solvent extraction of the oil from the oil-

20 contaminated soil.
The acoustic chamber 16 consists of a vertically
disposed, rectangular shaped, hollow chamber of uniform
cross sectional area. Preferably, the acoustic chamber 16
is a vertically disposed, rectangular shaped, hollow
25 chamber of uniform cross-section having a first pair of
flat parallel sides and a second pair of flat parallel
sides wherein the first pair of flat parallel sides is
substantially greater in width than the second pair of flat
parallel sides. As shown in Fig. 1, the acoustic energy is .
30 generated by attaching the transducers 28 to the mid-
section of one of the widest side of the acoustic chamber
16. The shape of the acoustic chamber and location of the
transducers enable the low freguency sonic energy to be
- transmitted at the maximum amplitude, or power, without
35 cavitation of the solvent that would possibly interfere
with the settling of the oil-contaminated soil particles by
gravity through the upwardly flowing solvent. In addition,



transducers enable the | ow frequency sonic energy to be transmtted

at the maxi num anplitude, or power, w thout 35 cavitation of the sol vent
t hat woul d possibly interfere with the settling of the

of | -contam nated soil particles by gravity through the upwardly

fl ow ng sol Wene7/14768 addi ti on, WO 97/ 14765 PCT/US96/12585

PCTr/ S96/ 12585 the use of sonic energy in the | ow frequency range
of 0.5 to 2.0 kHz without cavitation of the solvent nore

effectively penetrates the oil/soil bondgand results in the

detachnent of the oil fromthe soil particles which is then 5 di ssol ved

by the upwar dehef ug@i af seniemnergfghdraddesiry frequenginmangel ®h s 5a
vol ume propor te0nabexkii® ﬁb&&i@%%&qw of the 88ivéKe Qxfoztehe acoustic

o he SEEREFAYEY ROURTIAE S, o Y BHLL LB AR RS (i <hE

energy into néehaﬂhmahtvcbrthe(nwitﬁnﬂm-aMQ spil opareicles which 1sthhen
?COUfF I & Cha”b%séﬁveér fi@éttﬁdﬂéx%l‘ir ¥ Sl Rg2EBYSEAE, The e 16
unctions as a cont ai_ns

t ransducers Zgthg 5;?.%%%@ |‘{ﬁlr‘*7‘5‘ pr°p°r¥r18ﬁ§5ﬁc%‘? h% ??nyet g&depower

t ransducer i sopiputactuthe agriwtiks transkdacersde designation 't T'-MtorO by
Soni ¢ Research  qne Eeﬁi?@ré&éﬂ‘{y d@ﬂéﬁ%eal by 69ax§saﬁ£@£s %ﬂ%&%t%& soni ¢

vi brati ons hayj ifregﬁﬁc%/ the ra gﬁa about to 10.0
kHz. The tranSBBc8rE€°581E %‘Tustﬁica type ada § eP%s‘F?'?‘fﬁ’?W@lr?&t&r’-FéF in

t he forlth of redergynpnteseecihical twijatatdonanthat agmpe dintitddueced iatooi | .

The rods CO”théeacoustichﬂlﬁé}.n 1% web'ﬂakaeéréa@yépr@fé lar@o%%lﬁcunder
t he trade Ter f enol - Edge ec nol ogi es, Inc., Anes,

| owa. The Terf:QﬁBPeB ?6d%\’§°‘f’r@%rﬁilanﬁlé‘ﬁ Cafhp oﬁﬂn s the acougtic oduce
vari abl e freqesargy.anthel transhucengizs2are magpebestrigtaivend pressure.

The rods vi bra&sngaaeébsw S smtamé/wﬁraxédagesuueﬁ&ndf%xféa QU t he
coil 113(l?lb%et,lcfle causes the rods to expand and

e ind
cont rayt?’ %ﬁe trade dafIIRRL I\ Ve MR oNPY TRPRIGHSIFRTDY vi brat i on,
gener at es an Q@ypgratmavd&@hrmmnlanm:gy lthatngenseBftes sdmigguency in the

range of 0.5 wbiﬁt@okbzwhm@ £ flfency withifl ¥Ré drddnddhaddiansdycer
for some dISt%ncib I Eﬂz. The transducers 28 consist of a

magnetostrictive material in the form of rods compressed

20 together and wrapped with a wire coil. The rods comprise
90% iron, 5% terbium and 5% dysprosium sold under the trade
designation "Terfenol~D" by Edge Technologies, Inc., Ames,
Iowa. The Terfenol-D rod is the only material known that
can produce variable fregquency, and withstand high

25 temperature and pressure. The rods vibrate length wise
when a DC current flows through the coil. The induced
magnetic field causes the rods to expand and contract, i.e.
magnetostrictive motion. This motion, or vibration,
generates an acoustic wave or sonic energy having a

30 frequency in the range of 0.5 to 10.0 kHz which extends
forward from the transducer for some distance. The
transducer is powered by a standard frequency generator and
a power amplifier. A suitable transducer for use in the
present invention is disclosed in U.S. Patent No. 4,907,209

35 which issued to Sewall et al. on March 6, 1990. This
patent is incorporated herein by reference. The
transducers are powered by a standard frequency generator



transducer is powered by a standard frequency generator and a power

anplifigieA-suitable transducer—gt—use—i-A—the——— pres ' en 1S
disclosed in U S. Patent No. 4,907,209 35 which issued to Sewall et al.
on March 6, 1990. This patent is incorporated herein by reference.

The tran rs are powered by a standard frequency
WO 97/ 14765 WBIIHEE PCT/ US96/ 1 @Bwh%

-7- and a power anplifier. Depending on the resonant frequency
of the sonic transducers, the required frequency nay range fromO.5
to 2.0 kHz. Operating at the resonant fTequency of the sonic source

Is desirable, b use i S : ' r | ' ' at
this frequencytid & poeh, sitTuser,  "BRpbidiify of B8 PeaohintRLEGRARY
t he desef cehe@andiee fransfucersp| Yhe remimed frequency mayhganrgs vent
may. be any |i ol hyd amanhonxiiat Oferating LS &b eewbhint hfréqhendy t he
soi |. Sui ta_b ! e%ts CQﬁ/ee @oﬁ}ijco sour'cgckgdseé*gamlé:r 'ﬁ(l?:a%{s% Qéxﬁﬁﬂﬂensfit e whi ch
may be obtai ne . roma nearby oIl of das t1eld of reservoir, raw
gasol i nes anp kigpusieon Ora PeVes| uéRcdintained a& thdpeSFearnRCYr ef err ed
solvent is configisaIay thiehtregqudfcpiis from 0.5 to 2FDOKHZ £bi UEté ates

the | aboratory,solvent extraction 1 esti paratus. Referring to
Fig. 2, a sl ur‘}?ﬁld'fe ieiq__ulpmeng:, Bﬁﬁ?ﬁﬁ?ﬂ%‘fzfd%’gi containing 2.5 to 3.8

Wt . % oi | suspended The solventamgy| benany t biquise hydarocarbesdtitatl i#to the
top of BBl vilthitte 391 Ehetie S€diMaNt sili¢hbeaesol entd r oduced

into the,botto he .acqQustic cha r 30 royah_Li.n and
lovs. ular di yAGruts i Sl BITCRE dondeieUtd wnilh gayPhe onedflica | o,
enough wher ebyfXomR inearhv gilnaregas field y [ref@rvPdFesTaW gagokingsy

fal'l by gravityetddeidarid@oluene o¥PhBkelyed [tHEree£50! PREt prdférred
oi | -cont am nat cl es ar}(gtl sol vent_.i.n the acousti ¢ chanber

ed soil . f%arrtl N
30 are 25 % ‘J’e&tte’tftc(fmg(? PE“&n Fg%/l% Y ql?é‘l*éy of 1.25 kHz and a
power | evel of 6.5.Fithe ddilustratgs the ghakaraterypgolvent extrachierrs 36
and 38 p§tacheged®iridappdretusul f Re€eprihdicto Fig. 23Causluerghesbeil30. The

| ow frequency f?&@i G soi1 cont&YRYES 316 Y 3.5 Q0. 4N81 R Okhspahdds! €5
which is dissolved
in a solvent (toluene) was introduced into the top of

acoustic chamber 30. Fresh solvent (toluene) is introduced
into the bottom of the acoustic chamber 30 through line 32

20 and flows upwardly through the acoustic chamber at a
controlled rate low enough whereby the oil-contaminated
soil particles in the slurry fall by gravity through the
upwardly flowing solvent. The cil-contaminated soil
particles and solvent in the acoustic chamber 30 are

25 subjected to sonic energy at a frequency of 1.25 kHz and a
power level of 6.5. The sonic energy is generated by
transducers 36 and 38 attached to the outer surface of the
acoustic chamber 30. The low freguency sonic energy
removes the oil from the soil particles which is dissolved

30 by the upwardly flowing solvent (toluene) without
cavitation of the solvent. The solvent-plus-oil exits from
the top of the acoustic chamber 30 through line 34. The
substantially oil-free soil particles settle by gravity
into flask 40 containing water to form a slurry of

35 substantially oil-free soil particles suspended in water.
The water-soil slurry was removed from flask 40 via line 42
and filtered to remove the water. The residual oil from




30 by the upwardly flow ng sol vent (toluene) wthout cavitation

of the solvent. The solvent-plus-o0il exits from the top of the
acoustic chanber 30 through line 34. The substantially oil-free
soi|l particles settle by gravity into flask 40 containing water to
form a sl urwywhsiss substantially oil-free soil parti chEsussessended i n
wat er . The water-soil slurry was renoved fromflask 40 via line 42
and filtered to renove the water. The residual oil from

WOO7n14765 -8- PCT/ US96/ 12585

--8- the soil was coll-ected in a Soxhlet extractor using

t ol uene. Al t ethet sokl Wwas heoldeidtedanpl @ Sazhhet -exteattor usingver ni ght at
about anbi ent tasmaﬂsat Lma%fa%&%e&gxhhﬁ& soil safffid Add N aigEve any

resi dual sol vent érating conditions and results

sol vent 37’(‘??%&%‘?15""99?%@1’&”&&9& ERURPYACRERY R IR R RAFNIGEi ¢ ener gy
usi ng the appexaraetisdmnvtb |renieivee. aByaresséoah sm\]’alm‘..e X, bel ow.
10 rrent

Sol ventsExtract | on o %S)Tratgng condibtbhs andd'?sv.&n:% eér]}t)lg(yfl §oﬂJ = 2.5 -

3.8 vt % ( Soxhf¥tyactions %k% Junstion with) Low pgyequency sonic energyt o
soil, & Tohséng. tie /appardtes dhakwnOih, Fiy. %aﬁbm Sin Table 1}

285 18. Belovw. 1.96 drysofi 285 18. 3
0.8 soi Vlolucne slurry 3 285 18.3 0.8

soi | A/ ol uence sl uny 4 285 500 1.7 dry
soi | 10 5 285 500 TABLE 3 0.2 soil/toluene sluiy 20
6 285 e88nt t €qpl

Anal ysis of the oil -cont211F.n'.c;"lt(lallt.recil scﬁz’l% & iQhkﬁ\QL?ﬁﬂ of 6'.{13’ so a]1 anount of

oil present in the oPflcEMRESRh A% Podd; F ByS = 3.8 W% b%?’&’é"rﬂ“l s 2.5 -

3.8% Sanpl esExpériend ¥y SOi | weirgdwrg 25 285 grans each were fed by
gravity into the top Qf J§il® Toluene mymin Residual Ol w1. % ___Comments
15 1 285 18.3 1.96 dry soil
2 285 18.3 08 soil/toluene slurry
U3 285 183 0.8 soilftoluene slarry
4 285 500 1.7 dry soil
5 285 500 0.2 soil/toluene shurry
20 6 285 500 0.48 soil/toluene slurry

Analysis of the oil-contaminated soil shows that the
total amount of o0il present in the ocil-contaminated soil by
wt. percent is 2.5 - 3.8%. Samples of oily soil weighing

25 285 grams each were fed by gravity into the top of the
acoustic chamber, either alone (dry) or in a slurry of
toluene. Runs 1 and 4 indicate the amount of oil extracted
from dry soil samples at two different solvent (toluene)
flow rates. These results show that the higher solvent

30 (toluene) flow rate increased the amount of extracted oil
only slightly.

Runs 2 and 3 are duplicate runs identical to run 1
except that for runs 2 and 3, the sample of oil-
contaminated soil was slurried with toluene. These results

35 show that slurrying the soil with toluene significantly
increased the amount of o0il removed. Run 5 was identical
to runs 2 and 3 except for a higher flow rate of toluene.



acoustic chanber, either alone (dry) or in a slurry of tol uene. Runs

1 m dry se+H—sanpl-es

at two different solvent (toluene) flow rates. These results show
t hat the higher solvent 30 (toluene) flow rate increased the amount of
extracted oj only slightly. Runs 2 and licate
runs identi yaqwflg’ﬁsun 1 y ° ex%:lept that for runs 2 and 5&’?%%12%%“ e of
oil - contam nated soil was slurried with toluene. These results 35
show that slurrying the soil with tolueng significantly i ncreased
the anobunt of oil renpbved. Run 5 was idéfitical to runs 2 and 3

t f Mmahern f I ) %/ 14765
gé%_fﬂsg 6?;228?'& ﬁrlgflggwséf\l}@n@ (éﬁdﬁ%‘? flow rate z_%s_ul\@dg :mlgl'he hi gher

sol vent (tol uE®@ianpdyeilivalue Af anly,0a2 wt.¥ cpmraxad te)io. 8 Mtud of only
0.2 wt. % conp@oedthe Dolenitdiuene fldwolratee Laving al uawee 3.l ow rates in
Runs 2 and 3. 1n accorddh Al SHARNGE el ABGR NG TP dEENt Of the S

e use o renove ol l

inventian, the preSent nethod nay fromoily

sl udge Such adn¥epsiens rbhe Prasents Hethedi Ay be used ko yemoveeilireaters
or oil-based dtiohl oflyt sidge ISuch as sihage eFbRd2 BNt sddaradilosh not be
necessary to t hes [ﬁﬂ%“ QL il-s):udge slurry or
oi | -based dri F:H%gs Egcﬁﬁ? ntgrse S, urrfq{ %ﬁguaﬁggés‘#a%ef As“c??’elg%.%’ lIH

1 1111111 111%kese]1enmbodinents)jifty would not be necessary toCcrush thege S

* WO 97/ 14%a%erials or pass the oil-sludge slurry or REN-EPa@ledUdriil
-10 10 cuttings slurry through a shaker screen.



W claim 1. Arrethodfor extracting oil fromoil-contam nated soil
conprising the steps of: ”"l“““l“f“ﬂwmrn\mtng the oil-contani nated soil
with a sol vent rry of oil-contam nated soil 5

particles suspended in the S0l (b) injecting the

oi | - cont am wavaed7e®i | slurry i nt o t he upperecaisss6rizses
vertically disposed, hollow chanber of uniformcross-section
and substantially sinultaneously injecting fresh 10

solvent into the |lower end of the hol | etg.chanber that fl ows
upwar dly through the holl ow chanber at a controlled rate so
that the oil -%@nekadiat ed soil particles fall by gravity
through the 1. & method fdtpV&S{ﬂila\étflhgwoﬂ! tremhosploditamikated soil(C)
subj ecting the oil-contam nat }m I %rt icles and sol vent
in the hol |l ow chaﬁ%’@?n(%l%%n I n the frequency range

of about 0.5 to 2{8) kHmixing the oxl-contmumtash\sqiéx wdthol sbdvent vent

whgrggy the oil 5 5o fogmbaotgﬁﬁhﬁys&f|oi3.@-fédgfﬂa(i‘ﬁﬂa%eﬁi §(8!i.s)’:iced therefrom
an i ssol ye e_so - an ] recovering
the substantially oil fﬂaé sugpéiadd"in &epé"ﬁva“& fromthe bottom of

t he hol | ow chanbelb} 1n38031n¢hthaeohbﬂc@itmiaiaheﬁ woddesiurhy itmteoent is

sel ected f r oreHeN @pBePUBRA0HS | §Wé§9:ﬂ-falalﬂ 'cﬁ.@bo%&&deheiiow25
condensate, raw gasolin g‘lﬁaer osgne agd t ol uene. The met hod of
claim1 wherein the fré’gﬁ' Orm cross-gaqhion ana 4. The nethod

of claim1l wherein the smblst@omaﬂrilnasawsmneousw mjecrtnnst €peéh) contains
2.5 10 5§ wt.%o0il. sHvend intBetAB! Gkerierd Qﬂfmtiaewﬁ%'i@bﬂ ERSaber

substantially ofl- oo ri 030 al ) Bl RADerBANES Sndnb®: a1 %

a controlled rate so that the cil-contaminated

soil particles fall by gravity through the

upwardly flowing fresh solvent;
15 {c} subjecting the oil-contaminated soil particles
and solvent in the hollow chamber to sonic energy
in the fregquency range of about 0.5 to 2.0 kHz
without cavitation of the solvent whereby the oil
on the soil particles is displaced therefrom and
20 dissolved by the soclvent; and

{d) recovering the substantially oil-free soil
particles from the bottom of the hollow chamber.

2. The method of claim 1 wherein the solvent is selected
from the group consisting of a light crude oil,
25 condensate, raw gasoline, kerosene and toluene.

3. The method of claim 1 wherein the frequency is 1.25
kHz,

4. The method of claim 1 wherein the oil-contaminated soil
in step (a) contains 2.5 to 5.0 wt.% oil.

30 5. The method of claim 1 wherein the substantially oil-
free soil in step (d) contains 0.2 to 0.4 wt.% oil.



MD 97114765 PCT/ US9/ 12585 6.

0| | -contam nated soil sl urﬁwl@ ww!m,ﬁ“mugh a shaker screen to

remove | arge particles of soi | ~ havi ng particle size of greater
than 1/4 i . The nmethod of claim1l wherein ipe§ 2igs t he
rati o of %89711476% | -contam nated soil to solvent is about %)‘Egat 0 15% by
vol une. 8. A nethod for extracting oil from oil-contam nated

sl udge conprising the steps of: 10 . (a) mxing the oil-contam nated
sl udge with a sol vent forma slurry of oil-contaninated
sl udge 6.  The mdtadidd @feélﬁﬁﬁpﬁnﬁﬁéréihtﬂﬁoio'ﬁ@@tep (b) the (b)

injecting the oil-¢ end of

nt armg nate | ud to th
a vertically di sp%%’ga“rmﬁ“\l&ﬁ%fé so¥1 sfurry %medoﬁhﬁﬁlup&  Shakex
cross-section andscreen to remove 3abgegparti¢lessiofiiscidedaylipgiaj ecting

fresh d?artfélé/%'ltze' BEOgHBstéLVERare Ny Ofirddig hol | ow chanber
that flows upwardly through the holl ow chanber "at a

controlled rate so that the oil-contam nated 20 sl udge
particl es fall. byThg andtthod lefoaghinhd wherein in step Uaatbkeyratioiofy fresh

sol vent ; oifHcottinithtBd kBE1O0ts -EOIVEHE Al GbotUdas Eéri!iQ't?;ﬁe

and solvent in the holl ow chanber to sonic energy
frequency range of® 0.5 to 2.0 kHz 25 Wi t hout cavitation
of the solvent whereby the oil on the sludge particles is

di spl aced thegefrpmethoa for extracﬁﬂﬂg déffoff’cﬁxg S dmtanlikabba and

(d) recovering the substanti g ﬁ -free sl u g particles
from the bottom otAyqae P’r'(ﬂ“!p&'\?vs& gnﬁg? step$) 0fQ9  The nethod of claim 15
wher ei n tthe sol ve(d) i smiglingt the o:.l-contafmmmtteldesgndgg witlsi stsolyentt a

l'ight crude oil, to £6PRULNSALGry IFVAAasSebhRanikgtegespudpd tol uene.
particles suspended in the solvent:

(b} injecting the oil-contaminated sludge into the
upper end of a vertically disposed, hollow

15 chamber of uniform cross-section and
substantially simultaneously injecting fresh
solvent into the lower end of the hollow chamber
that flows upwardly through the hollow chamber at
a controlled rate so that the oil-contaminated

20 sludge particles fall by gravity through the
upwardly flowing fresh solvent;

{c) subjecting the oil-contaminated sludge particles
and solvent in the hollow chamber to sonic energy
in the frequency range of about 0.5 to 2.0 kHz

25 without cavitation of the solvent whereby the oil
on the sludge particles is displaced therefrom
and dissolved by the solvent; and

(d) recovering the substantially oil-free sludge
particles from the bottom of the hollow chamber.

30 9. The method of claim 15 wherein the solvent is selected
from the group consisting of a light crude oil,
condensate, raw gasoline, kerosene and toluene.



*

PCTI IiSI/lzglj BT l!llu”"!"mﬂlu""l“l -12- 10. The net hod
of claim 15 wherein the frequ 11. The

met hod of claim 15 wherein the oil-contani nat ed sludge in step (a)
contains 2V 43650 wt . % oi | . 5 12. The met hod of cl BCRHUSH/12888rei n t he
substantially oil - free sludge recovered in step (d) contains 0.2
to 0.4 wt. % oil. 13. The nmethod of claim 15 wherein in step
(a) the ratio of oi | -contam ndRed sl udge to solvent is about 0.3
to 15% 10 by vol u 14. A method for extracting oil from

oi | - cont am naPed PFth°d of claim (1 ghershyy tipngregeereypks .25

(a) m xing the oikrzcontam nated drill cuttings with a

solvent to forma slurry of oil-contam nated 15 drill cuttings
suspended in the sol vent; (b) injecting the oil-contam nated

drill cuttingd- The method of ¢laimi}h WheFedinekheopil-centaninatedi sposed,

hol | ow chanber ofsludgkotim steps¢spctdmtaidind2.5 to 5.0 wt.$ &silbstantially
si mul t aneously injecting solvent 20 into the | ower end of the
hol | ow chanber t hat fl ows upwardly through the hollow
chanber at al2. The method ofoplaibm| s wheneino theasubatantiakigntaddinat ed

drill cuttings féf'r'eebb‘lﬁﬂ?&l f¥cbiépaghid Rtep (d? contains ¢/aedlla), 4f | owi ng
fresh sol vent; 2%t $ oil. subj ecting the oil-contam nated drill

cuttings and solvent in the hollow chanber to sonic energy
in the frequency range of about 0.5 to 2.0 kHz w t hout

cavitation Oﬁ.3thﬂ‘h&0h‘éeﬁde\BErebanﬁhﬁ’>thereln in step (a) Othé h%ﬂird Ide

cuttings is displage I ssol ved by
sol vent; and oi1c %";‘?g&“? ver?‘ﬁ%’? e SPYERS: |‘1§I Fy° t|"I(§j'r4r3e 3 g%%l .
cuttlngb from t h®Yb¥eLBRLef the hol | ow chamber.

14. A method for extracting oil from oil-contaminated drill

cuttings comprising the steps of:

(a) mixing the oil-contaminated drill cuttings with a

solvent to form a slurry of oil-contaminated

15 drill cuttings suspended in the solvent;

(b) injecting the oil-contaminated drill cuttings
into the upper end of a vertically disposed,
hellow chamber of uniform cross-section and
substantially simultaneously injecting solvent

20 into the lower end of the hollow chamber that
flows upwardly through the hollow chamber ag a
controlled rate so that the oil-contaminated
drill cuttings fall by gravity through the
upwardly flowing fresh solvent;

25 {c) subjecting the oil-contaminated drill cuttings
and solvent in the hollow chamber to sonic energy
in the frequency range of about 0.5 to 2.0 kHz
without cavitation of the solvent whereby the oil
on the drill cuttings is displaced therefrom and

30 dissolved by the solvent; and

(d) recovering the substantially oil-free drill
cuttings from the bhottom of the hollow chamber.



C L M S *
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nmet hod of claim 27 wherein t ected fromthe
group consisting of a light crude 0|I condensate, raw

gasol i ne, kgigsaggsand tol uene. 16. The met hod ofpceiradognasgs Wher ei n
the frequency is 1.25 5 kKHz. 17. The nmethod of claim27
wherein the oil-contam nated drill cuttings in step (a) contain
2.5t0 50 wm.%oil. 18. The ogs.hod of claim 27 wherein the
substantially oil - . free drill cuttings recovered in step (d)

contain 0.2 105. The met!mc!)of wilaAmoR2l7. wherein thd GoIfemtndshedlettedai m 27
wherein in step (E}oﬁh&% SOEons:Lsting of Q'in%g“c%i‘d@abﬁ drill
0

cuttings to solvent Is vol ure! 20.

A nethod for extrSBP??EFQﬁ? 'FF@hﬁBFPI&BﬁtaE?FEﬁ%RFsﬁﬂ tpjuene. particles

conprising the steps of: (a) injecting the oil-contam nated
soi | particleps, phe method o clh&hozghﬁhap fﬁgifgedﬁéﬁ Ryt iigall ¥s

di sposed, hol I'ow chamnber o orm cross-section
contalﬁ?ng a sol vE##- and substantially 20 si mul t aneousl y

I njecting fresh solvent into the | oner end of the holl ow
chanber that {4} owgpe e method of claim 59“ﬁﬁ9£¥ ﬁ%“ﬂlfJE%nEQhkﬂgkgaa”ber at
a contro contam nat ed soi |
particles fall byd§+%k|?%FQNﬂ9§u@H FESPuéﬁbrﬁ?ﬁtQEP 2.5 to 5.0 wt.§| @it ng
fresh sol vent; (b) subjecting the oiI-contaninated soi

particles ;5. The methoa ¥ ci%i%e8Y {Rebdfn NGld QirhaNReL109 SPRLC

ener
gy free drill cuttings recovered in step (d) contain 0.2
10 to 0.4 wt.% oil.

19. The method of claim 27 wherein in step (a} the ratio of
oil-contaminated drill cuttings to solvent is about 0.3
to 15% by volume.

20. A method for extracting oil from oil-contaminated soil
15 particles comprising the steps of:

(a) injecting the oil~contaminated soil particles
into the upper end of a vertically disposed,
hollow chamber of uniform cross-section
containing a sclvent and substantially

20 simultaneously injecting fresh solvent into the
lower end of the hollow chamber that flows
upwardly through the hollow chamber at a
controlled rate so that the cil-contaminated soil
particles fall by gravity through the upwardly
25 flowing fresh solvent;

(b) subjecting the oil-contaminated soil particles
and solvent in the hollow chamber to sonic energy
in the frequency range of about 0.5 to 2.0 kHz
without cavitation of the solvent whereby the oil

30 on the soil particles is displaced therefrom and
dissolved by the solvent; and



in the frequency range of a Hz wi t hout
cavitation of the sol vent m ]IEM#E’I ﬂn on the soil
-particles is displaced thererso di ssol ved by the
sol vent; and L M S * WO
97/ 14765 WO 97/14765 PCTJ SOW 258 PCTAISIE/N2585

- 14. (c) recovering the substantially oil-free soi

particles fromthe bottom of the holl ow chanber.

claim 36 wherein the solvent is selecteﬂ#

21. The net hod of
fromthe group

consisting of a light crude oil, condensat,e, raw gasoli ne,
ker osene and t ol uéfid. r°°°ver1n2ZthQTﬁP?ﬁﬁﬁﬂi}QﬂlﬂﬂQ&ﬂnﬁ§EemﬁB%%|n t he

frequency is 1.25 particlkklzfrom the botddhm

B thet hollloé chambeBs

wherein the oil-contam nat ed soil contains 2.5to0 5.0 wt. % oil
10 24. The met hod of claim 36 wherein the substantially oil -

free soil in %tepThe)nethediok Qdaim gégwherein fhe solvent ‘is)selerkedet hod
of claim 36 wher efpoprtie ¢nbuﬁ(§©n@bbtﬁhg of a light @hidec@iflgn nated soi

slurry 35 passed Lingual e *18kPGaso1 ine,  ker 6ERE b LRV ! 2 0°

particles of soil e
I nch. 26. A nmethod for extracting oi

Size greater than 1/4
fromoil -cont am nat ed

sl udge particizes ThRephéthdd) dh&lWimpP360Wherein the frdqyeridy dst iingst he

oi | - cont am nat ed ydge particles
vertically disposed;”

into the upper end of a

23. The method of claim 36 wherein the oil-contaminated
soil contains 2.5 to 5.0 wt.% oil.

10 24. The method of claim 36 wherein the substantially oil-
free soil in step (c) contains 0.2 to 0.4 wt.% cil.

25. The method of claim 36 wherein prior to step (b) the
oil-contaminated soil slurry is passed through a shaker
screen to remove large particles of soil having a
15 particle size of greater than 1/4 inch.

26. A method for extracting oil from cil-contaminated

sludge particles comprising the steps of:
(a) injecting the oil-contaminated sludge particles
intoc the upper end of a vertically disposed,

20 hollow chamber of uniform

cross~-section

containing a solvent and substantially
simultaneously injecting fresh solvent into the
lower end of the hollow chamber that flows
upwvardly through the hollow chamber at a

25 controlled rate so that the oil-contaminated
sludge particles fall by gravity through the
upwardly flowing fresh solvent;

30

(b)

subjecting the oil-contaminated sludge particles
and solvent in the hollow chamber to sonic energy
in the frequency range of about 0.5 to 2.0 kHz

without cavitation of the solvent whereby the oil



20 hol | ow chanmber of uniform cross-section

Torectimo rean <orven 1ot o MY RNV AN Tond ot e nol

injecting fresh solvent into | ower end of the holl ow

chanber that flows upwar dIy through the hol | ow chamber at
a 25 o7naz6sControlled rate so that the oil-contam pegEebe12sss

sl udge partltﬁes fall by gravity through the upwar dl y
flow ng fresh solvent; (b) subjecting the oil-contam nated

sl udge particles and sqkvent in the hollow chanber to
soni c energy 30 in the frequency range of about 0.5 to 2.0
Iilel D11 M1 111111 \iméxhoute e udgat pﬁﬂtﬂéléﬁel§cﬁi@11addﬂethb¥'etbfm('\)/: I .
WO 97114765 dnd disko1ved by the solventi and o ;oo

-l s- (c) wepeoverigwugbe pubstantially Midpifxeedsindges rom

and di ssolved by the sopaetlicled'@rom the bottom Gf HIRC BINbRIchifiber.
substantially oil-free sludge particles fromthe bottom of
t he hol | ow chanber. 5 27. The nethod of claim 48 wherein the sol vent

is sel ebted 27. The methpdnef (rlajmn 48 wbesiedni hheosolventyhis celected|
condensate, raw gyem fHe &%&ﬁ%ﬁf&ﬁ@ eeng. llght crude?&anhe met hod of

claim 48 wherein the ., reguenc kHz 29. The
met hod of claim 4§°\5\'ﬁ3;' %e ea% 7as°§n‘t"§m KgFegene and t°lue§1eUdge cont ai ns
2.5t05.0w.%oil. 30. The nmethod of claim48 wherein the
substanti al l y29i! The method of YL Y dBRreeaO¥RE CErédued®p isCh 28Nt ai ns
0.2to 0.4 .%o0il.
kHz.
10 29. The method of claim 48 wherein the oil-contaminated

sludge contains 2.5 to 5.0 wt.% oil.

30. The method of claim 48 wherein the substantially oil-
free sludge recovered in step (c) contains 0.2 to 0.4
wt.% oil.

15 31. A method for extracting oil from ocil-contaminated drill
cuttings comprising the steps of:

(a) injecting the oil~-contaminated drill cuttings
into the upper end of a vertically disposed,
hollow chamber of uniform cross-section

20 containing a solvent and substantially
simultaneously injecting fresh solvent into the
lower end of the hollow chamber that flows
upwardly through the hollow chamber at a
controlled rate so that the oil-contaminated

25 drill cuttings fall by gravity through the
upwardly flowing fresh solvent;
. (b) subjecting the oil-contaminated drill cuttings

and solvent in the hollow chamber to sonic energy
in the frequency range of about 0.5 to 2.0 XHz

30 without cavitation of the solvent whereby the oil
on the drill cuttings is displaced therefrom and
dissolved by the upwardly flowing solvent; and



-15 31. A nethod for extracting oil fromoil-contam nated dril

arrteottani o S0 AN (7 80 e o o
vertically di sposed, = ¢ L hdlléw thanber of uniform

Cr 0Ss- sect Warp7a4765 contai ning a solvent and sSPOBUSHG6RIES| v
simul taneously injecting fresh solvent into the | oner end

of the hollow chanber that flows upwar dly through the
hol | ow chanber at a cdbtrolled rate so that the

oi | -cont am nated 25 ) dril] cuttings fall by gravity through

t he (¢) (FREAVARLNG GﬂFnauPFE%t%f%rﬂai}'fgee drill” (p)

subj ecting the oil-contettimajscdrdm thechbttamsof the hollow chambard sol vent
in the hollow chanber to sonic energy in the frequency
range of about 0.5 to 2.0 _kHz 30 ., ) W t hout cavjtation of the
sol vent wher 8By The Bethod of claim 58 whereip,ghg, ppivent:isgeiect®dspl aced
t her ef rom and from the group cbhmmsidEtdedy R &hd ightacehdefdily ng sol vent;
and WO :

PCT/USB6/12585 %E%&éZQQte, raw gasoline, kerongg_and tolue?%) recovering
the substantially oil-free drill cuttings fromthe bottom of
the hol | ow chapbahe methdd. off he€lddi BBl wiierclini khe8fyrbgueney tiw sdsvent is
sel ected f the group consisting of a light crude oil,

condensat e, raw gasodline, kerosene and tol uene. 33. The nethod of claim
58 wherein the frequency is 1.25 kHz.



