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Source: Beltran et al., (1994). Water Res., 28(10): 2165 — 2174.
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SEPIION O Sonication TechiBIogy:

SoiEIaledNVaIEINSISBECIENeISOLRENAVES:

Seund waves travel through the liquid generating
_cnative compression and expansion cycles.

i
——

ompressmn cycles push molecules together while
— expansmn cycles pull molecules apart.

—
:._—-.-_-

* Puring alternative expansion (rarefaction cycles) the
negative pressure overcomes the intermolecular
attraction forces and the liquid is “broken” creating
microbubbles.




PESEHiption eikSonication
=rechnelogy: (cont:d)™

2 rhec- MICronpubkIes apbserh the energy from

ol RUeLSlY. applied sound waves and grow in

51 aNfeaching a critical size, and then Implode
Iie

IEasing large amounts of localized energy.
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= Locallzed temperature of up to ~5000 °K and
~ pressure of up to 1000 atm have been
determined at the collapsing microbubble
Interface while the bulk solution stays near
ambient conditions.
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echanisms,involveds®

S NINE AP E W EYSHBMEoRERITERENGEStHHCHOR)
Eiieyal include:

>r droxyl fadical oxidation;
|rect pyrolytic degradation; and
Supercrltlcal water reactions.
;$rbcess Involves:
~® [n-well sonication
e In-well'vapor stripping
e /n-situ biodegradation




REACHIoN Mechanisii

* Pyrol
IEN Exireme localized conditions caused by
miciobubble implosion (i.e., acoustic cavitation)
Esulis - direct pyrolysis (incineration) of

Coniaminants
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e extreme localized conditions generated by
acoustic cavitation results in decomposition of
water into hydroxyl (¢OH) and hydrogen (eH)
radicals. These extremely reactive radicals
destroy organic compounds very effectively.
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Z I?T“Composﬁmn of Artifiicial =

.

Groundwater”

oficanltratior),
(mg/L)

Ca+2

CaS0, (aq)

Mg+2
Nart
K+

25.65
4.12
5.69
9.85
/.72

H,CO5° (aq)

HCO,-
S0,
Cl-

22.99
3.52
33.51
57.65

Final pH ~ 5.5
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Figure 1. Comparison of Removal Efficiency of Toluene

Using Air Stripping Employing Different Air Flow Rates.




/ OP-SVS{ems Tiested for Remoyel
Of B eNZencwmes =

® UV [igjsiceelleigle Air sparging + UV light
° )y ]-L ht + H,0, Sonication + Air

I50RIcation alone Spzsdiieye U dyi

Sonication + Air
; SOV light + Sonication sparging + H,0,

~Airsparging alone  sonication + Air
AIr sparging + sparging + UV + H,0,
Sonication
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System Comparison for Benzene Removal Efficiency
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Results
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Results

EESVSIENCoRmpaIsen emciNEne
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EXpeErmental Conditions — €cl,, TChy,
TCE;,.and PCEw —

Belter EXPELIMENISHWEre: . performed
rately ONn each of the chlorinated organic
jteminants (CCl,, TCE, TCA, and PCE);

_r |aI contaminant concentrations ranged
Nem ~1 to ~100 mg/L;

S*Ultrasonic frequency of 20 kHz;

3‘_'. “Applied power intensity was 12.3-, 25.3-, and
= 35.8 W/cm?;

o Air injection rates used were nominally O-
(sonication alone), 500-, 1000-, and 1500-
mL/min; and

® Reactor volume of ~500-mL.




FgurERZmRemoval ofi CEl, from| Artificial
eiwiewater by Ultrasound (US)aaine AT

SilppIng (AS): Ultrasenic PowerrDensity = 35
W GhizencMAiREeiaRate = 500Nmy/min:




FgurEssmREmoval. of IICA from Artificial
gieinewater by Ultrasound (US)aiE AT

SuppIg (AS): Ultridsenic Power Density = 35
W GemiReneyAREeWARSIE =500y mink




HguEEMREmoval o CCl, firom Artificial
siepgeivaier by Combined! UltrasouneraincvAirs
Siigisiings Ultrasonic Power: lintensity, = 35 W/cm?

Bl eWARE =5 00-mL/min:

X Concurrent (USAS)
Additive (US + AS)




FguRENSHREmMmoval of IiCA from Artificial
sieielvater: by Combinedl UltiasoumnerermspAis
SuigpphiefUltrasoniciPower Intensity’ = 35 W/cm?2

zinlel Al Flowy Perea ="500=rp1 " /arllr]:

X Concurrent (USAS)
Additive (US + AS)




Fig TGy REsidual chibrinated erdanic
soOIPLURGC remaining| after batchssomnication™
Z[IERSORICAtIONVaPoIFStHPPING tFeatment.
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Fle re /A Residual CEly remainingeeiter

sonuUoUSs sonicationrandsseRication ="
= \/a[PO): StHPPING tiEeatmeEnt.

Comparison of Fraction CCl, Remaining Using
Sonication + Vapor Stripping to Sonication Alone
(20 kHz, 35.8 W/cm?)
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Ealire o Residual TiGA remainingafiter
sOUIIUBUSTSeRICaleN and seRICaHENTVa PO
) stiipping treatment.
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zlo)le 7. Fif5t=Order Rate Constants (min)

sompoLUnd
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OpPErations:

- S

Power Intensity, (W/cm?)

12.3

25.3

35.8

'“.-7_ CCI4

TCE
TCA
PCE

0.028
0.019
0.020
0.019

0.049
0.022
0.034
0.021

0.062
0.024
0.049
0.022




zlo)fe 3 Fitat-Order Rate!Constants (minr™)
JJJr N apor Stipping AlonednMEERtINUOUS™
Elow Operat|ons

':p'ound Air Injection Flow Rate, (mL/min)
= 500 1000

0.286 0.411
0.243 0.401
0.228 0.531
0.282 0.454




BIE s Fr5torder Rate Constants (i)
ISEReombinediSonication/AVapoRStrpping™
S Continuels oW Operations:

Cornggtiglel

Al Injection Rate (mL/min) and Ultrasonic
Power Intensity (\W/cm?)

& | 500/

12.3

500/
25.3

500/
35.8

1000/
12.3

1000/
25.8

110]0]0)/
35.8

0.353
0.356
0.341
0.483

0.487
0.356
0.549
0.411

0.645
0.440
0.640
0.447

0.729
0.516
0.691
0.492

0.870
0.583
0.864
0.412

0.866
0.633
0.904
0.494
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POWEN REGUINEMENISHN s

SRIE POWET reguirements; for a sonelytic
SySLEm and™ tier combined senication)
Vapor; stripping| system were determined
O am ultrasonic power intensity of
85,01 \WW/cm? treating water containing

ﬁ--mjo mgj/L of CCl, or TCE.

L
_-: -——- -
"‘l-"' i

= o For batch treatment, the electrical
~ energy per unit mass is calculated using
the eguation:
EE/M = (10° x P x t)/[60 x V x (C-C)]




FGUrErCMEREREN. ieduiremERts as a function ol
NeeiEiniant iemoval efficiency. Usinapsenicabion

REIPHE and SenICativn+VapoersthppIing.

.

Energy Requirements as a Function of Contaminant
Removal Efficiency Using Sonication Alone
and Sonication + Vapor Stripping
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'R2 =0.8064 —— BExpon. (CCl4 Removal by Sonication +
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REENES o in=Well Sonication Technology

-l-i"

SRPEEGHMance of remediation /n-5/tu

SNGOmIpIEmMentanastireatmentssystemsi that.. can
aiesuically” reduce or remove SVOCs and VOCs
figormrsoelution;

SRieatment unit operations are synergistic in

m— —J‘c ure

. f‘"ﬁbillw to convert hard-to-degrade organics into
~ more volatile organic compounds;

‘o Eliminates handling or disposing of waters; and

® [mproves efficiency resulting in shortened clean-

up times to remediate a site and greater cost-
effectiveness.




S Conclusions -

SRIEN TReVative teciinelogy. couples iIn-well
sw ication,, in=welll vapor  stripping, and
JJOG JlicGauORNILO EINILED] é‘d_ﬁl’ocess

Byspartially destroying the SVOCs .%.,
OPENING Up: the benzene-ring structures), the
apility” 1o remove the resultant VOCs and

|otreatment of the resultant organics Iis

e enhanced (over the case of biotreatment
= alone).

8 The combined sonication+vapor stripping
system, operates in a synergistic fashion, as
the rate constants are greater than ‘the
additive rate constants from sonication alone
and vapor stripping alone.




'Ebnclusmns (cont’d)

PNMIER GOMDbINed Systemk IS more éffectlve than
]'th: Of thEL SEPalale. SOnIcation. Of  Vapor

S(s rJr)r g systems. [For example, while sonication
[Sieapale of removing ~30% of the TCA after 10
Il tes reaction time, the combined sonication/
\,m stripping system can remove nearly 97%

B ofter 4 minutes treatment time, and nearly 100%

el i

_-=:.-—- -
i p—
e

_-——

“femoval after 10 minutes.

- ® The rate constants for the combined system are
nearly an order of magnitude higher than those
for sonication alone (and for vapor stripping
alone).




Conclusions (cont’d).

SNEOILILGUSISN OISy Perments™ ad
Eenievals; of TICA and CCl, ranging from
2o o 97% and 74% to 88%,
Niespectively, for residence times of 5 to 10

= ,Tm:mlnutes

= The combined sonication+vapor stripping
— system operated synergistically.
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