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TechnologyiDescription Results, SuUmmary,and/Gonclusions

= Sound transmitted through liquid as wave of alternating positive-

nd nesative-br re cavitation I = Sonication removed 26% to 47% = The combined sonication plus vapor = From continuous flow treatment for residence times from = Remediation performed in-situ.
a egative-pressure cavitation cycles. : o : T : 2 .
CCl4 after 10-minute treatment stripping system operates 5 to 10 minutes, sonication removed 17% to 18% CCl4, while - _
= Compression (positive pressure) cycles while the combined sonication synergistically. The rate constant for the combined sonication plus vapor stripping removed from = Minimizes exposure to hazardous chemicals.
push molecules together while expansion plus vapor stripping system the combined sonication plus vapor 74% to 88%. = Minimal degradation intermediates are formed.
— (negative pressure) cycles pull molecules exceeded 99% for power stripping system lies in the range of
= apart. intensities ranging from12.3 to 35.8 0.44 to 0.65 min-l, with first-order rate = Similarly for TCA, treatment by sonication resulted in14% to = Complementary treatment systems can drastically
' ai N - Acoustic cavitation affects chemical W/cm2; after 6-minute treatment, constants via sonication and vapor 37% removal; sonication plus vapor stripping removed 72% reduce or remove semivolatile or volatile organic
T 1 teactions the combined system removed stripping (@500 mL/min) in the range to 97% in a single pass. compounds from groundwater.
' Seven Akt e ';dmiL"“wE..s ' 88% to 98%. of 0.02 to 0.06 min-! and 0.23 to 0.29 . . :
I = During expansion cycle, also called min-l, respectively. = Conve_rts hard-to-ddegrade organics into more volatile
rarefaction, separated molecules = Sonicationremoved 9% to 38% of EempERisoniSURIREt gl ClERema nmg S NG s ekl gl e el
. . . . + Vapor Stripping to Sonication Alone (20 KHz, 35.8 W/cm?2)
form tiny microbubbles. TCE after 10-minute treatment = First-order rate constants for removal ) o Eliminates handline or dicnosil of wates
ST t oot r V\;hile the co::'n_bin_ed soni:::ation ?f chlorinaléled o:ganic cc;!'ltamlinan!::h n [ Treamen ] o 25,0 min/sonicatior g P '
s e microbubbles grow to a critical size an plus vapor stripping system rom groundwater vary linearly wi £ ' —e— 1=8.0 min/sonication . . : o :
implode, releasing a large amount of energy. exceeded 96%; after 6-minute the applied power intensity. - PP - ;r:cll):zzﬁgeesfg::::sl::cy shortens site remediation time
CONTAMINATED GROUNDWATER - [ e
BEsEkhg Zome Eanslon 2eetl - Pressures fl'OlTl 500 to |,000 atmospheres :;el:;:l::;%%t‘!}oetcoo;;!;;ned SYStem SUB ’[=Eé10 crﬂigiﬁﬂﬂiiﬁatiﬂn Both Batch and Continuous Flow
@ + . - .
and temperature around 5,000°K have Comparison of First-Order Rate Constants for Removal % i | pp. g. =xperiments Hesutled in.Nearly.ldentical
10 VARX been observed or calculated in the of Chlorinated Organics from Groundwater E s - t=$£ g'g{ﬁ””'iﬁat'“” First-order Rate Constants :
. . . . Percent of Chlorinated Organic Contaminant — S FVap PPINg 0.7 I
e menaormion lmPIDSIOI'!S, Whlle ?h_e bUIk SOIUthﬂ Stays Remaining by Sonication Alone (20 kHz, 35.8 W/cm?) :_- Ez:ﬁznfra;i? i E L . t=10.0 min/sonication Fu t u re E f fo r t S
near ambient conditions. and Sonication + Vapor Stripping (500 mL/min) | o500 mn 0 + vapor stripping | S
In-well sonication of halogenated organic =100 PErTT— £07 ~+ CCl4Sonication+Vapor Stripping@1000 mL/min 0 1N2 ﬁ 4 fﬂﬁ 'E 8 910 =
contaminants in groundwater. Process uses = The collapsing bubble interface results in % . GCle Sonicaton Eo, ~=- TCE Sonication sk g e E >
- in-well sonication hydroxyl (*OH) and hydrogen (He) $ 70 + Vapor Stripping 5 i : = Enhance performance through addition of O3, H20-,
- (71N - [l tri ; . . E 60 —— TCE Sonication So. ”"!GE!G"J’ Hpur rf f“ a—- L ”“"_ > s ® » P
- ::-:::u bl:zgz;:a::tp[::lg radlc_als' These r?dlcals dEStroy E o L leEculii %n. . EiE::;Z:::WapmSmppmgf”mm i Comparison of Fraction TCA Remaining Using Sonication = hlgher frequenCIGS and RS lntenSItleS, BELs
chlorinated organic compounds very g o e y oAV S + Vapor Stripping to Sonication Alone (20 KHz, 35.8 W/cm?) 8o, :
EffeCtiVEI)/. % 20 "'TCASD"T‘?E‘:“" | -o— TCA Sonication+Vapor Stripping @ 500 mL/min B2 ‘ . - . - EXtend treatment cor!cept to r.emedlate
E 13 2 +‘sfap0ﬂrné?ﬁplrg?ng | - TCA Sonication+Vapor Stripping@ 1000 mL/min —=— 1=5.0 min/sonication groundwater contamlnated WIth petl‘OIeum
= The formation of *OH and He radicals is enhanced through addition of chemical R - A " Powerintensiy Wiom) - R 0 0102030405 06 hydrocarbons (e.g., benzene, toluene, xylenes,

—+ t=10.0 min/sonication k (batch) (min™) etc.), polyaromatic hydrocarbons, methyl tert-
t=5.0 min/sonication bUtYI ether, etc.

+ vapor stripping

oxidants such as ozone (O3) and hydrogen peroxide (H,0,).

ElectricallPoweriRequirement's

P e = Scale up system for pilot-scale test capable of
handling ~200 gallons.
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t=10.0 min/sonication
+ vapor stripping

o |/ Q
Calculation of electrical energy required per unit Energy Requirements as a Function of Contaminant Removal C ontami nain [El;g g@@ﬂ(ﬂﬂ

) . T . . = Field demonstration of technology at one or more
- - 0 2 4 6 8 10 12
mass (Of chlorinated orgamc) removed (kWh/kg): Efficiency Using Sonication and Sonication Plus Vapor Stripping

Number of Residence selected Department Of Enel'gy faCiIities.
Times Throughput

2500
Electrical Energy Pxtxlo® 2 “Cl, Removal by :
— = S t -
Mass Vx60x(C-C) z 2000 y =1327.1 2006 TZEC:::Wal oy - fI:.a.rI:I).lc;n tet:: cll'llorld:- ((:(éCl4) = Chemical degradation intermediates of CCl4 include C2Cl4 and C2Cle; Acknowied g
e _ o = G097 it 10857 0008 ' Sonication it ?roe ylene ( ) <0.04% and <0.0125% of the CCl4 appeared as chemical intermediates. T
SOnlcat'"Jn power capacity = goo VY, % : S, i CCl, Removal by = | LI-Trichloroethane (TCA) Chemical degradation intermediates resulting from acoustic Pro funded bv th D fE
Power intensity = 35.8 W/cm?* (~-17%) £ Sonication + - 1,1,2,2-Tetrachloroethylene (PCE) cavitation constitute a negligible quantity of the original parent roject funded by the U.5. Department ot Energy
P=600x0.17 =102 W (0.102 kW) 3 y = 53.137 00216% Vapor Stripping ) _ compound. Environmental Management Science Program.
t = Treatment time, (min) G y = 103.61 00164 R*=08064 S TCE Removal by = Ethylenedibromide (EDB)
_ : _ 2 _ I - Sonicati . . : . : : :
V = Total volume of solution, (L) =0.5L S N e = Vapor Stripping = Bacterial growth (biodegradation) was higher in sonicated samples Furness-Newburge, Inc. (Versailles, Kentucky)
C; = Initial contaminant concentration ~ 50 mg/L P when compared to unsonicated samples, demonstrating some is industrial partner.

C; =Final contaminant concentration = (mg/L) Removal Efficiency, (%) softening (partial degradation) of CCl4 due to sonication.




