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Chapter |1

Solvent Extraction Using a Soi]
Agglomeration Approach

F. Weldon Meadus, Bryan D. Sparks, and A, Majid

Introduction

The complexity and variety of contaminants found in soil has lead io the investigation
of a large number of remediation technologies. Alithough some of these decontamina-
tion processes work well in specific cases, neacly all have limitations with respect to
costs, contaminunt type and soil properties. The problems associated with these rech-
nologles are further exacerbated because landfurming and landfilling are being reduced
or abandeoned owing to environmental concerns. Solvent and agueous extraction or
washing processes have been shown to be effective for treating many of these contami-
nated soils, sludges and sediments.? However, both extraction methods only wark
well on coarse material. Treatment of fine textured soils is less effective as intractuble
fine particulate dispersions are often formed in the liquid extraction meadium,

SESR Process

A generalized solvent extraction block diagram is shown in Figure |. Tt consists of a
mixing and contacting device to transfer the contaminant from the solids to the sol-
vent, A solids-liquid separation step is next. followed by the recovery of residual
solvent from the solids, by thermal drying at 110-200°C. The sofvent is separated
'7om the contaminant and recycled back to the extractor. Sulids-liquid separation is
thu critical step for most solvent extraction processes. especially when large quanti-
lles of fines are involved (-50mm and particularly -2mm). Technical success de-
pends on the handling of these non-settling. fine solids; typically fines have a tendency
0 plug separation devices such as percolation beds and Filters.

The Natignal Research Council of Canada has developed a solvent extraction pro-

;:1“-' SESR (Solvent Extraction Soil Remediation). This approach utilizes a liguid

:.m':m- ‘eglomeration technigue, that improves the separation of tines from the con-
in, : . . s . ” - .
Nant solvent by binding them with other fine or coarse particles.™ The contami-
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natad soil {5 suspended in the extraction solvent and a second. or bridging Hquid,
selected that will preferentiatly wet, or absorb on the surfaces of the particulate sol-
ids, while being virtually immiscible with the slurry suspending medium, Addition
of a minor amount of this bridging liquid to the solids slurry, in conjunction with
suitable agitation, will result in attachment of primary particies to form aggregates.
The strength of the bonding between particles results from capillary forces arising
from the bridging liquid in the aggregate pores. Figure 2 illustrates the type of ag-
glomerates formed at diffecent levels of second liguid addition. Small amounts of
water produce floc-like structures by pendular bonding: increasing the amount of
water to the funicular state causes these tiocs to condense ferming microagglomerates;
with the optimum amount of water, the system enters the capiliary state, producing
an agglomerate of maximum density and strength in which the internal pore vetume
is virtually devoid of suspending liquid. For the treatment of contaminated soil the
suspending liquid is a solvent for the organic poilutant and water is the second lig-
uid. Appropriate mixing can be obtained using rotating drums, stirred tanks or shak-
ers of different types. Process control allows spheroidal agglomerates to be formed
in a specific size range. Consaquently, aggregates having good porosity for zeration
and drainage can be produced. The form, strength and size of the agglomerates are
primarily dependent on the size and type of soll particles, the amount of bridging
liguid added and the degree and type of agitation applied.

Figure 1 General solvent extraction flow diagram
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Figure 2 Agglomerate forms
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Figure 3 shows the effect of water and fines on the strength characteristics of sand
mixtures moided into cylindrical pellets (1 3mm by [0mm, formed by compression
under a 10kg load). The area ABC represents the range of waler concentrations
required to produce pellets, as determined in baich agulomeranion experiments, A
lower water contents is the region (MP) of pendular and funicular bonding where
only small agglomerates or {locs are formed. When the water content reaches a
critical level, delineated by AB. pellets or spherical agglomerittes (SA zone) are
formed. Initially. these spherical agglomerates grow larger us further water is added,
Spherical agglomerates of optimum sphericity and strength are obtained at water
concentrations corresponding to the maximum load and pore suturation values. the
capillary state, shown by the tine BD. Water levels greater than this optimum amount
causes the aggiomerates to become soft and misshapen (WA zone): eventually disin-
tegration and paste formation cceurs (P zone). For successtul agglomeration and
least cetention of solvent: the water content of the agelomerate must be maintained
within the region of goed pellet formation ABD. No agglomerates witl torm if the
fines (-<k3mm) content is less than about ten weight percent: increasing fines content
produces progressively stronger agglomerates.

Materials

Flare pit shudge

1 . . - ‘ -
Prior o the mid 1980°s most oil or gas wells, gas plants and refineries had some form

\A . \ M + . N .
: I ﬂ.w_n_ pit. This was usuaily an excavated area at some distance from the installa-
| . . . - .

on, fited to allow transport and burning of gas or liquid petroleum. Some of these
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pits were designed for emergency situations wh.iie others were .n?t;nci‘cqlt;)uc::;ﬁ;?
uneconomical or waste organic contnminun%s. After prolon‘ged‘u.s‘r_‘t c F:l'ﬂl rround-
ing the pils became contaminated with a wide spectrum 'ot c»r}gmr:(n:1 S:ker[l,}\e mai:n‘tj
e o e rotlen pqrtiall'ytc?::s;?i:i\géC;:J? ;urning tank bottoms
als. To compeund the problem, tlare pits te m o
and various other waste products, Also, berms built a_round these pits were qd )

ith chemical defoliants. In Canada, flare pits now require linings an { open
;F;trii);:;)jo\:;msﬂ::;Zliscouragedl Hfjwevcr, thf: legacy of tr:rcllsoot thoaui.:]asnds of these
pits with associated contaminated soil and partialiy burnt sludge remains,

A sample of flare pit sludge material, was supplied by the Albertg ‘E;mrlor:.menct;sl

Centre. The sludee was taken from a well site producing uneconomical so uflon ?h
. g . ducir

which required Paring. The pit also contained a significant amount of wax from the

disposal of pipeline de-waxing pigs.

Figure 3 Agglomerate relationship betwsen water and fines
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be mainly aliphatic in nuture. The parent ol swas sweel and oo sulfur compounds
were Tound with the organic contamininls, Simubated distillation gas chromatogra-
phy showed over 320 different components withh boiling points below 542°C, the
timit of the apparatus. Vacuum distillation at 90°C to remove all light ends followed
by Soghiel extraction with methylene chloride and subsequent evaporation of the
methylene chloride gave aslightly lower gruanic content of 195 with 7.3% being in
the lighter vacuum fraction. Using a Leco CR-12 Carbon Analyzer, total and residual
organic carbon contents were obtuined and extractable hydrocarbun calculated.

Erskine soil

A contaminated black, Chernozem soil from near Erskine Alberta along with an
uncontaminated sample from an adjacent site was used in these trials. Both were
collected from surface soil horizons. The soil had been contaminated with a mixture
of hrine and crude oil from a pipeline break between the well-site and the battery.
Analysis showed a hydrocarbon content of 5.6% with a high asphaliene lavel, The
presence of brine resulted in a pH of 7.7 and an glectrical conductivity of 26.8 mS/
em. The extreme water repellent condition of this soil was indicated by the fact that
4 9.2N ethanol solution was needed to penetrate it in the dry state.

Other materials

Tests on other materials show that this appreach is a promising tredtment method.
lnvert Drilling Muds containing diesel fuel, PCB contaminated soil and waste mate-
rial From 1 decommissioned plant that had manufactured 2,4.5-T herbicides: {2-me-
thyl-+-chlorophenoxy) herbicides: 2,4-D herbicides and wood preservatives (primarily
pentachlorophenol), huve also been investigauted.

Methods

In the current work. a series of batch-scale experiments were conducted using ot
sanic solvents as the extracting liquid and water as the bridging liquid. Samples
were agitated by; (1) a complex reciprocating action {paint shaker), (2) high speed
mixers {blender) and {3) tumbling in a cylindrical mill containing mild steel rods
rotating at 20% of the eritical speed. Al 2 residence time of 5 minutes, the latter
closely simulates a full scale process and was used for most of the test work. As the
walomeration process is water-limited it may be necessary either increase or de-
creise the water content, This can be achieved by direct addition of water or by
adding dryer soil or a water absorbent. such as peat moss. During processing, sol-
vent extraction of the contaminants occurs concurrently with disaggregation and
ibsequent agglomeration of the soil particles. The extracted soil agglomerates were
'\““‘}H}f washed with fresh solvent to remove surface contamination and air dried at
=M hetore being analyzed.
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Most experiments weare conducted in a4 liter rotating contactor-mitl 1§ ¢cmin diam-
eter, containing nine 2.5 cm diameter soft iron rads as mixing media, A typical setof
standard conditions is shown in Table 1. The mill was charged with contaminated
soil, solvent and water and rotated at various speeds for specific times.  Pre-mixing
of the solids and solvent for 30 seconds was allowed before water was added. Dur-
ing extraction the rotation was periodically interrupted and the solution sampled,
usually a¢ | minute intervals, to provide data for calculation of transfer rates of the
contaminant into the solvent. Atthe end of 5 minutes the mill charge was dumped
onto a 48 mesh screen and allowed to drain for 3 minutes. The agglomerates were
milled for a further 3 minutes with fresh solvent, (to simulate an extractant wash)
and allowed a final drain of 3 minutes. Analysis of the solids was carried out using
a Soxhlet extraction, Dean and Stark separation method. The amount of contami-
nant in the soiutions was determined using a Spectronic 501 Spectrophotometer at
a wave length of 530 nm; residual carbon was determined using a Leco CR-12
Carbon Analyzer.

Table 1  Rotating drum standard extraction conditions
Parameters Values
Solvent 600 ml

Temperature Ambient

Mill Speed 32% of Criticul
Soli Feed 600 ¢

Pulp Density 50%

Total Water 17.2% of Soil
Feed Premix no added water 30) seconds

Four solvents with different polarities were selected; paraffinic (heptane); aromatic
{totuene): chlorinated (trichloroethylene) and commercial naphtha (Varsol®), A
solubility parameter was used to characterize gach solvent. Process parameters in-
vestigated included pulp density, degree of agitation, amount of bridging liquid and
the pre-mixing of solvent with soll prior to addition of agglomerating water. Param-
eter interactions were examined by determining relative mass transfer coefficients
caleulated from data on the rate of transfer of contaminant into the solvent.

Results and Discussion

Solubility parameter

Hildebrand’ has used a solubility parameter § to describe the solvent power of tiquids
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Vo= M,/ (2)

Where g is the surface tension. V is the molar volume. M s the molecular weight
and r is the liquid density. Figure 4 compares the recovery of contaminants from
Erskine Suil and Flare Pit Sludge with respect to the solubility parameters (d) of the
four solvents used. Recoveries of contaminant from flare pit sludges show no major
differences with respect to these solvents: this is not unexpected given the aliphatic
nature of the contaminant, Consequently, a solvent with low environmental impact,
such as heptane, can be selected. In the case of the Erskine soil there is a significant
solvent effect. This can be attributed to the high molecular weight asphaltene con-
tent of the crude which is only sparingly soluble in paraffinic solvents but which is
readily dissolved by chlorinated and aromatic solvants.® With paraffinic solvents
asphaltenes precipitate and are coilected with the aggiomerated solids, giving an
apparently low recovery of contaminant, Varsol, with an aromatic content of 12%
by volume, gave intermediate results.

Figure 4 Recovery of contaminant as a function of solubility parameter
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Fine particles with hydrophobic surfaces such as coal, coke and those coated with
strongly bound contaminant will tend to remain suspeaded in the solvent because
th.uy are not water wetted, Cigure 3 shows the effect of solvent power on the amount
ol unagglomerated material for both flare pit sludge and Erskine soil. Again these
results reflect the cleaning ability of various solvents for removal of adsorbed con-
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taminants. [n the case of flare pit sludge, heplane resulted in the agzlomeration of
significantly less solids than for the trichloroethylene test, but was only marginally
worse for Erskine soil. The observed differences can be attributed to the fact that the
flare pit siudge containg a considerable amount of surtace bound contaminant not
extracted by weak solvents. Also. unlike Erskine soil, flare pit sludge contains in-
soluble coke-like material. This is reflected in the amount of unagglomerated solids
shown for the two samples when treated with trichloroethylene. Contaminants are
removed, sither by dissclution, or selectively as a surface coating on fine, hydropho-
bic solids rejected from the water wetted agglomerates. Consequently, a high recov-
ery of contaminant can be obtained aven when strongly bound organic material is
not removed from particle surfaces.

Figure 5 Unagglomerated solids as a function of solubility parameter
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vass transfer

The extraction behavior exhibited in these tests is typical of mass transfer controlled
processes. However, equilibrium considerations often become limiting factors.”
Several mass transter models were considered for application in this work. “One, by
Phillips et al.h, was selected as the most appropriate. This model was originally

formulated for application to the solvent extraction of bitumen from oil sands. Be-,
cause oil sand is a combination of bitumen with sand, silt and clay, it may be consid .
ered analogous fo a petroleum contaminated soil and consequently the applicaticn

should be valid. [t provides an effective way to test extraction parameters by refer-
ence to a set of standard cenditions.

S
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Phillips” distributed-radius mass transter medel hasheen applicd 1o asolvent extrae-
ton process in stirred tinks, This model assumes that sand-bitimen aggregates are
essentizlly spherical i shape and thatduring the extraction provess they cemain spheri-
cal but diminish in size. The model postelates that extraction in dilute solutions is
controlled by mass transter al the soivent-bitumen intertace,  Phillips has developed
the following relationship, equation 3, for the comparison of lest purameters:

K, 7K, = 9Co Vo 8,C0 VY, )

[IINS Y

where K is the relative overall mass trunster coefficient, (subscript § represents a
standurd set of conditions and subscript a the compurative set); €18 the maximum
contaminant coneentration possible; V represents the average velume of solventand
fis ([-h} integrated with respect to time, where h is the degree of extraction. The
integration limits, for this study were 0 and 5 minutes, corresponding to the experi-
mental conditions

Although Phillips” model was designed strictly for dilute sofutions. it becomes non-
linear for concentrated solutions, he argues that the qualitative features of the equau-
tion are still relevant in other cases, [ has been used in this work to provide a means
of comparing the effectiveness of contaminant extraction under ditferent conditions
using a single parameter, the relative mass transfer coetticient K /K |

Calculated values for this relative mass transter coefficient (based on Eqn. 33 have
been determined for a number of operating conditions. The standurd mass transter
coefficient, K, and degree of extraction. h, were caleulated using the experimental
procedurs and conditions shown in Table 1. The extraction profiles shown in Figure
6 are typical for a variety of solvents, The curve for toluene represents the stundurd
conditions used for Erskine soil as the test malerial.

Figure 7 demonstrates the use of the relative mass transter coetficient I /K to deter-
mine the interaction of operating parameters on the rate of extruction, The effect of
pulp-densitly, defined as the weight of agglomerates (solids plus watery as o pereent-
age of the total slurry in the extraction/agglomeration mill, is illustrative of this type
of analysis. This figure shows that an improvement in extraction rate is oblained by
increasing the pulp density. These data are consistent with those found by Phitlips,
working with stirred reactors, He atiributes this type of improvement to grester
particle-particle interaction obtained at the higher pulp densities. This interaction
results in more particle ubrasion and breakdown of aggregates and thus better mass
transfer of contaminant,

In the rotating mill, agglomeration is retarded by destructive forces, caused by the
tumbling rod charge and encouraged by constructive forces attributable to the mitl
rotation. Figure § shows that for Erskine soil. an increase in mill rotation speed
ciused a slight reduction in the mass transfer rate of the contaminant.  Hence we
vin conclude, over the range studied, that tnereasing the mill speed causes the ag-
glomeration rate to increase, reducing the exposure of contuminant to extraction by
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the solvent. Also, less scouring of the individual particle surfaces will vceur. This is
contrary to observations found by Phillips for stirred reactors where an increase in
stirrer speed resulted in break-down of aggregates and better extraction. However,
other authors” have reported only a weak dependency on stirrer speed, providing tha
the speed is in excess of that required to suspend all solids. Phillips concluded that
solvent type and stirrer speed were the most important parameters with particle-
particle interaction being a secondary effect. Our studies have alse shown that ex-
traction temperature and pre-loading of the solvent with a small amount of
contaminant are parameters that improve extraction rates.

Figure 6 Standard extraction profiles for various solvents
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Agglomerate size and strength

The Erskine sample was obtained frem an agricultural area. One of our mzjor goals
was 1o remediate this soil to a point where it could be returned to productive use.
Therefore, it was necessary to produce restered soil having chemical and physical
characteristics that would allow for safe crop growth. Bloch Decay and Cross Polar-
ization Magic Angle C NMR studies demonstrated that the contaminants could be
removed, by an appropriate solvent, without unduly affscting the indigenous humic
matter necessary for healthy soil.'?
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: Natural aggregation occurs in fine textured soil to give relatively stable particle clus-
yor goals lers that are physically discrete units.!! This process increases soil porosity, par-
otive use. ticularty the macro porosity, which is characterized by the ability ol the soil to retain
. physical meisture while maintaining free drainage., Solvent extraction and milling destroys
155 Polar- most natural aggregates. However, the SESR process overcomes Lhis protlem by
could blc feagaregating the soil, into roughly spherical agglomerates, concurrently with sol-
as humic ventextraction of the contaminant. The size of the agglomerates can be manipulated

by process variable control to give a narrow size distribution, similar to that found in
nature. Figure 9 shows the particle size distribution for the clean, dispersed Erskine
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soil: the median size is about 30 pm. The natural soil aggregate diameter averages
about | mm; agglomerates from the extraction process have a narrower size range,
but still average | mm in diameter. These soil ayglomerates were found to be thres
times more stable than similar sized aggregates separated from an uncontaminated
sample of the same soil. This difference is itlustrated by Figure |0 where aggregate
and agglomerate stability were measured by wet sieving in a standard apparatus.

Figure 9 Size distribution for soil aggregetes and agglomerates
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Figure 10 Stability of soil agglomerates and natural aggregates
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After agglomeration the soil remained saline. Leaching of these brine contaminated
avelomerates was carried oul by percolation through @ packed bed of agglomerated
soil. Leaching of the salt was rapid because the narrow size distribution of the ag-
greates resulted ina high permeability that was maintained during leaching as a
cesultof the stabifity of the artiticiul aggregates. Also, elflorescence of water soluble
sadts during agelomerate drying made them readily accessible to the leaching solu-
tion. The improved strenuth of soil agglomerates 15 derivad predominantly from the
process oplimization of the lurge surfuce tension forces which then draw the soil
particles into densely pucked entities: in this respect finer particles give stronger
agglomerates. For Erskine soil a high humic content (.5 w/w®e} may also play a
role in agglomerate stability.

After brine removal the remediated soil was evaluated by using it to grow feld peas.
Tests were conducted using: (1) remediated soil inoculated with 156 uncontaminated
soil to esteblish native flora and fauna; {2) untreated, contaminaied seil: (3) uncon-
taminated surface scil from the spill site. After six weeks, [teld peas growing on
extracted soil were nearly us large as those yrowing on uncontaminated soil; germi-
nation in cleuned and uncontaminated soil was 100 percent. Although the growth
chamber provided a nearly opti'mum growing environment, only ong pea seed ger-
minuted in the contaminated soil and its growth was poor.

Remediation of chlorinated organics

Single stage preliminary experiments. using shaking and blending methods, were
conducted using two other materials: ong, 4 soil contuminated weh PCB from a
sransformer oil spill and two, 2 waste sludge material from a decommissioned plant
that had mancfactured chlorinated herbicides und wood preservatives. The results
are shown in table 2. Even though more than 90% of all contaminants wers removed
in one extraction step, it is apparent thut a multistage process will be required to
raduce thess contaminants to acceptable levels, These results should be considered
as preliminary; further test work is in progress.

Conclusions

It has been demonstrated that fine texturad soil can be remediated using the SESR
Process and that relative mass transter coefficients can be calculated to determine
critical parameters. By understanding the agglomeration process it is possible to
reduce substantially the entrapped residual soivent and to form agglomerates with
physical characteristics suitable for subsequent leuching and bioremediation polish-
NG steps prior to returning the soil to the environment.




174 EMERGING TECHUNGLOGIES IN HAZARDOUS WASTE MANAGEMENT V1 LI MEADUS ET AL, Solvens £
Acknowledgement
The authors gratefully ac
mental Centre,
References
? S S i. Simms, RC,, Soif Re
3w é o noom on 5 Sites, A Critical Rayie
A
o
@ 2. Hopper, David R., Cle
= o ing, 83:96, 1989
3 = 2 5 - & g ¢ g
F 2 = c =8 =3
5 g 2 é— £ 4 & & % 3. Meadus, W, and B.T
e g ;= g8 8 2 § 9 Liguid Separation b
5] E S S BT S quid separation by
= 3 - Sep. Sei, and Tech. 18
c
3 - 4. Hoefele E.O,, J.F. Han
5 3 3 3 3 by Agglomeration anc
= 2 _ £ & 3 'z tional Conference on H
z £ E 2 2§ o« California, July 2231,
2 2 ¢ £ - 2 £ % 9 5. Hi
T 2 =S - 32 7 & F O 5. Hildebrand, JH.. JAm
= © 2 2 2 - 35 2
- g oo e e s 6 Mitchell, K K. and .G
I= Solvents, Fuel, 32 14
3 E n8 2
@ 2 F 5 = 7. Wiemer, L.D. Solvent -
S LA sight Press, 1993
A _
° 2 ile o o7 5 i 8. Cormack, D.E., J.M. K
2 Tl T o ' and Mechanismsin the
= E -
g gl . Chem. Eng., 1979
Q - < jy
% i = s :_rr B 9 Sherwood, J. K., RL.T
= v Hill, New York, 1975
2}
o 8 10, Meadus, EW., B.D. §
2 2 E £ i A : Remediation, An Innov
o %" ii_’ E é tg B s S Soils, Proceedings of tt
‘s it om0z = i Remediation, GASReP,
@ tl. Kemper, W.D. and R.C.
E : Mineralogical Methods.
3 : o Inc., Madison, Wisconsi
’ .
™ "1" CRIETN .
o ¥
=)
= it




NT v

L1 MEADUS ET AL Sedvent Exeraction {sing a Sotd Ayolameration Approwch 1

~1
(#]}

Acknowledgement

The authores gratefully acknowledye ussistance receivaed from the Alberta Environ-
mental Centre.

References

Ln

9

Simms, RC., Soil Remediation Techniques at Uncontrolled Hazardous Waste
Sites, A Critical Review, J. Air Wasre Manage. Assoc,, 1990

Hopper, David R.. Cleaning Up Contaminated Waste Sites. Chewmical Engineer-
ing, 8:96, 1989

Meadus, FW. and B.D. Sparks. Etfect of Pore Structure on Efficiency of Solid
Liquid Separation by an Agglomeration Technique: Use of a Model System,
Sep. Sci, and Tech. 18(4y pp. 341-362, 1983

Hoefele E.O., J.F. Hamilton and I.E. Filby, Processing of Athabasca Qil Sands
by Agglomeration and Solvent Extraction, Proceedings of the Third Interna-
tional Conference on Heavy Crude and Tar Sands, UNITAR/UNDP, Long Beuch,
Califorma, July 22-31, 1983

Hildebrand, J.H.. I Am. Chem. Sgc.. 41, 1067, 1873

Mitchell, K K. and 1.G. Speight, The Solubility of Asphaltenes in Hydrocarbon
Solvents, Fuel, 33: 149, 1973

Wiemer, L.D. Solvent Extaction, frem Remediation of Conteninared Sites, In-
sight Press, 1993

Cormack, D.E., .M. Kenchington, C.R. Phillips. and P.J. Leblaus, Parameters
and Mechanismsin the Solvent Extraction of Mined Athabasca OGil Sand, Cen,
J. Chem. Eng., 1979

Sherwood, J. K., R.L.Pigford and C.R.Wilke, Mass Transter, p 220 MeGraw-
Hill, New York, 1973

Meadus, FW., B.D, Sparks, . Guo et al., SESR-Solvent Extraction Soil
Remediation, An [nnovative Technology tor the Remediation of Fine Textured
Soils, Proceedings of the Third Annual Sympoesium on Groundwater and Soil
Remediation, GASReP, GQuebe City, 1993, pp197-209

Kemper, W.D. and R.C. Rosenau. Methods of Soil Analysis Part | Physical and
Mineralogical Meathods, Ed. A Klute, Second Edition, Amer. Soc. Agronomy
Inc., Madison, Wisconsin, 1982,

iz o e, S T




176 EMERGING TECHNOLOGIES IN HAZARDOUS WASTE MANAGEMENT VI

Author Contacts

F.Weldon Meadus

Chemical Process & Environmental Technology
National Research Council of Canada

Montreal Road Campus

Ottawa, Ontario

Canada, K1A OR9O

Bryan D. Sparks

Chemical Process & Environmental Technology
National Research Council of Canada

Montreal Road Campus

Ottawa, Ontario

Canada, K1A OR9

A. Majid

Chemical Process & Environmental Technology
National Research Council of Canada

Montreal Road Campus

Ottawa, Ontariq

Canada, K!A OR9

12 KLOET AL The Role of Hyd

The Role of Hyd;
in The Advanced

C.H. Kuo, 1

Abstract

This research investigates ki
between dissolved ozone and
a stopped-flow spectrophoton
the initial ratio of the molar c¢
than 30. At lower ratios, the
independent of the concentrar
[1.0at25°C examined, the dey
concentration of hydroxyl ion
rate equation derived on the k
radical by the oxidants, and th
oxidation of a pollutant, the r
conduct the peroxone process
excess to enhance the destruct

Introduction

The decontamination of drinkir
Recent applications include irr:
dant during the ozonation {9].
result in faster rates of polluta
Process, and complete conversi

The peroxone process, one of t
tion of gaseous ozone and ligi
oxidize contaminaats in the soli
molecules into the interface bet

©1996 Americ:




A

EMERGING 1 ECHNOLOGIES
N Hazarpous WASTE
MAMAGEMENT VI

D. William Tedder, Ph.D., P.E., EoToR

Georgia Institute of Technology

Fraderick G. Pohland, Ph.D., P.E., DEE, EniToR
University of Pittsburgh

Developed from a symposium sponsored by the Division
of Industrial and Engineering Chemistry. Inc.. of the
American Chemical Society at the Industnial and
Engineering Chemistry Special Symposium,
Atlanta, Georgia
September 1994

et ey \'tf,,f,,.g‘ ,’

GNHIERTAR ENGINEER
Loty ey TR e AT e B

g Y




