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Abstract

The Cu/ALO; catalyzed ozonation for degrading an endocrine disruptor—alachlor in water was investigated. Th®¢CpoWders
were coated on a cordierite honeycomb column, which was taken as the reactor of catalytic ozonation of alachlor. Additional uncatalyzed
experiments were carried out and the results were compared to those of the catalytic runs.

The experimental results demonstrated that Gi@Alwas a very effective catalyst for ozonation of alachlor. The removal rate of alachlor
in total organic carbon (TOC) with ozonation in the absence of G@W4Wwas only above 20% in 180 min, while the reduction of totle organic
carbon (TOC) in the presence of Cug@®k was more than 60%. Correspondingly, more inorganic ions created and less by-products produced in
the Cu/ALO; catalyzed ozonation than in the unanalyzed process. These results indicated that the use ©f GubAtantially enhanced the
mineralization of alachlor in ozonation. The EPR experiments verified that dieadicals generated in the Cujl; catalyzed ozonation
could bring on a higher alachlor removal rate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tocatalysis at the presence of both Fe@hd TiG. They
confirmed that the degradation kinetics of alachlor dissolved
Herbicides are extremely persistent in water and wastew-in water followed the first-order kinetics with a short half
ater. They are taken as the important pollutants and life in the range of 10-17 min. Eykholt and Davenp[t
hardly removed by traditional water treatment technol- investigated the alachlor degradation in a reactor with iron
ogy. It has been found that many herbicides can result in powders of 40 mesh at the room temperature and found the
some serious illness for human body. Alachlor (2-chloro- dechlorinated products derived from alachlor in water. Ryu
2'6-diethyliN-methoxymethylacetanilide), one of herbi- et al. [8] reported the photodegradation of alachlor with
cides, is commonly used for feed control in agricultural the TiO, film immobilized on the glass tube in aqueous
crops. Its structure is shown iRig. 1 It has been found  solution. They found that the removal rate of alachlor with
in ground water and surface water in many parts of North Fe**/UV in the presence of Ti@was much higher than in
America[1,2], and the residual levels ranging from 0.1 to the absence of Ti® In addition, the authors detected some
10wg/l have been detected in surface wd&+5]. Alachlor low molecular weight compounds in the photodegradation.
has been classified as a carcinogen of B2 group by the EPA Ozone is a powerful oxidant of various organic and in-
and has been known as a highly toxic endocrine disruptor, organic compounds dissolved in water. Sometimes, it can
where the allowed maximum concentration for drinking completely decompose the organic pollutants and remove
water has been set ap®/l. them from water. However, in most cases, the ozonation can
Until now, there is no much study done for alachlor only degrade the organic compounds in water to low molec-
removal in water. Penuela and BarcdB)] reported the ular weights substances to present a very low removal rate
experimental results of degradation in water by the pho- of total organic carbon (TOC) and chemical oxygen demand
(COD). Unfortunately, some by-products in ozonation pro-
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(18 M2) to afford a solution of 200 mg/l with pH of 6.39.

T The stock solution was diluted to the aqueous solutions con-
C——CHZCI taining 100 mg/I of alachlor for tests. Although 100 mg/l of
N~ alachlor is out of the range for source water, it is convenient

CH,0OCH;

for study and the same catalytic oxidation process should
take place when the concentration of alachlor wg8 level.
All the glassware equipments used in the experiments were

Fig. 1. Chemical structure of alachlor. soaked in chromic acid and then in 1% Hpl@vernight and

muffled at 400 C for several hours after being rinsed by tap
_ _ o water and ultra-pure water.

may provide more effective elimination. Thes/®l,0; pro- The Cu/AbOs catalysts with different Cu loading were
cess has been promoted as the most practical of the AOPgompared each other, and the catalyst coated with 10% Cu
because of its simplicity and ease of operation. Glaze et al. showed the best catalytic efficiency. The catalyst, CyDA|
[9] concluded that at intermediate to high pH, hydrogen (Cu loading 10wt.%), were prepared by an impregnation
peroxide more effectively catalyzes the decomposition of method with an aqueous solution of copper nitrate, followed
ozone than does UV radiation or hydroxide ion. In order to by evaporating for drying in a rotary evaporator under the
improve the ozonation efficiency of organic compounds in pressure reduction at 333K. The wet sample was dried at
water, several catalysts have been studied in different ex-393 K for 12h and then calcined at 873K for 3h in air.
perimental conditions. Hewes and Davinga@] confirmed  yjlized Al,O3 (gamma type) had a total BET surface area
that the ozonation removal of phenolic compounds in wa- ¢ 250 n? g~L. Cu/Al,03 powder prepared was mounted on
ter could be enhanced remarkably by using the catalystsine square-celled extruded cordierite in a honeycomb shape

such Fe(ll), Mn(ll), Ni(I1) or Co(ll). Utrilla and Pold11] (400 cell/inck, 100 mm high, 28 mm i.d.) for using as the

acid could be catalyzed by activated carbon in aqueous phase
and basic activated carbons had greatest catalytic activityp 2 Experimental procedures
in the ozonation process. However, there are few published
experimental studies on heterogeneous catalyzed ozonation ozone was generated by a laboratory ozonizer (Mit-
of aromatic contaminants such as alachlor. Moreover, be-gypjishi, ozonizer series 0S-1N, Japan) rated at 0.488ghg O
cause the heterogeneous catalytic ozonation is known as thenin. The experiments were conducted in a stainless reactor
most promising process for its low cost and easy operation 200 mm high, 30 mm i.d.). The reactor was equipped with
[12], the development of active, stable and low-cost hetero- 4 Tj porous plate (1m porous size) at its bottom to ob-
geneous catalysts and their applications in water purification tajn smaller gas bubbles. The honeycomb cordierite column
has drawn a great attenti¢n3]. coated by Cu/AlO; catalyst was properly placed on the
The present paper is aimed to study the degradation of horous plate to take as the reactor of catalyzed ozonation.
alachlor in the heterogeneous catalyzed ozonation using|n the case of uncatalyzed process, a honeycomb cordierite
Cu/Al;0s. The relative by-products produced in the o0zona- ¢ojymn without Cu/AbO3 but of the same size and bulk as
tion of alachlor, such as inorganic ions and organic acids, that used in the catalyzed one was installed in the ozonation
were analyzed and compared in the catalyzed and uncatyeactor. In addition, a water jacket around the reactor main-
alyzed processes. The reaction mechanism of the GOAl  tained the desired and constant temperature®@QOwith
catalyzed ozonation was also verified by electron paramag-water circulated from a water bath. Seventy five milliliters
netic resonance (EPR) experiment. of experimental alachlor solutions was pumped by a peri-
staltic pump from a holding beaker. Ozone gas flowed
upward through the holes of honeycomb to contact suffi-

2. Experimental ciently with the coated catalyst and the treating water. To
absorb the excess ozone, effluent gas was introduced into a
2.1. Materials glass bottle containing 300 ml of 2% KI solution. Alachlor

concentration, total organic carbon and dissolved inorganic
Alachlor (99% purity) was obtained from AccuStandard ions in water were determined after different time periods.
Inc. (USA) and the potassium indigotrisulfonate was got The test installation is shown iRig. 2
from ACROS ORGANICS (New Jersey, USA). Acetonitrile
of HPLC grade was purchased from Tedia Company, Inc. 2.3. Analytical methods
(USA). 5,5-Dimethyl-pyrolineN-oxide (DMPO) used to de-
tect radicals in EPR experiment was from Aldrich. Other  The concentrations of dissolved ozone were measured col-
chemicals (KI, BSQy, H3POy) were of GR. ormetrically by the indigo methdd4]. The adsorption mea-
Synthetic raw stock alachlor solution was prepared by surements were performed at 600 nm with a Model DR/2010
dissolving 200 mg alachlor into 1000 ml ultra-pure water portable datalogging spectrophotometer (Hach, USA) and
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Offgas a Bruker ESP spectrometer at room temperature. EPR mea-
surements were conducted under the following conditions:
modulation amplitude 2.0 G; microwave power 10.00 mW;
modulation frequency 100 kHz, sweep width 100.0 G, re-
ceiver gain 100e+ 005.

Sample port _|

Cu/Al,05 Coated honeycomb

Reactor

Ozone
Genearator

3. Results and discussion
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3.1. The removal efficiency of alachlor in catalyzed and

0, uncatalyzed ozonation
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Fig. 3shows the removal rate of alachlor as a function of
ozonation time. Alachlor could be effectively degraded with
a percentage of above 95% within 30 min ozonation both in
the uncatalyzed and catalyzed ozonations. However, TOC
the gaseous ozone concentration was iodometrically deter-removal rate presented an obvious difference in two cases.
mined before the ozone was introduced into the reactor. Theln addition, there was only about 1% alachlor adsorbed onto
applied quantity of ozoneQappiied 0zony Was calculated by  Cu/Al,O3 catalyst with 0zone absent. While the catalyzed

Fig. 2. Schematic of the Cu/AD3 catalytic ozonation of alachlor in water.

a simple formula ozonation led to over 60% TOC removal after reacting for
180 min, the uncatalyzed process gave only a modest de-
Qapplied ozone= Qintroduced ozone crease in TOC and an equivalent reduction of alachlor was

only about 20%. The TOC present in solution is an impor-
tant parameter to evaluate degraded degree of organic mat-
The concentration of residual alachlor in water was mea- ters and their removal efficacy for a given water treatment
sured by HPLC (Shimadzu, 10A) using a Merck-Hitachi process. Therefore, above results demonstrated that in the
with UV-Vis detector. Liquid chromatography was carried experimental condition of our study, alachlor could not be
out with a flow rate of 1.0 ml/min of acetonitrile/water degraded to C®and HO completely by ozone alone, and
mixture (80:20v/v) on a ZORBAX Extend-C18 column Cu/Al,O3 showed a great catalytic effect on the mineraliza-
(250mm long, 4.6 mm i.d. Agilent, USA) with a column tion of alachlor in the ozonation process.
temperature of 40C. The injection volume of sample for
analysis was 2fll. Detection was performed at 215nm, and 3.2, The main products of alachlor in catalyzed and
guantification was done using a five-point calibration curve. uncatalyzed ozonation

The variations of inorganic ions (C] NO>~, NOs™)
in water were measured using an ion chromatograph The difference of TOC removal in the catalyzed and un-
(Dix-4000, Dionex Co.) equipped with a conductivity de- catalyzed ozonation processes indicated that the degraded
tector and an AS4A-SC column (4mm, Dionex Co.). The products would present some differences in the two cases.

— (Qozonein 0ngas+ Oresidual ozon®

eluent was 1.8 mM NgCOg and 1.7 mM NaHC@solution. In order to determine these differences to overall process
TOC was determined using a Phoenix 8000 TOC analyzer of alachlor degradation, the relative products of alachlor in
(USA, Tekmar-Dohrmann Co.). the catalyzed and uncatalyzed ozonation processes were de-

Aliphatic carboxylic acids produced during the ozonation tected and analyzed.
period were analyzed using an ion chromatograph (Dix-500,
Dionex Co.) equipped with a conductivity detector and
an AG9-HC guard column (Dionex Co.). The eluent was
1.8 mM NaCOs and 1.7 mM NaHC® solution.

For the determination of hydroxyl radicals generated in
the ozonation process, EPR experiment was applied. A ni-
tron spin-trapping reagent DMPO was used in the process.
Because the powdered catalyst was easy to be tested, and the
fixed and powdered catalyst should follow the same mech-
anism in the catalyzed ozonation, the powdered Gu@Al 0 30 60 90 120 150 180
was selected for EPR experiments. Alachlor stock solu- Ozonation time (min)

tion, O3 and the catalyst powder were mixed with DMPO . _ , _
Fig. 3. Removal efficiency of alachlor and its corresponding TOC in the

In UItra'pure water (18 I\‘Z[Z)'. Immedlately after the leIng,' catalyzed and uncatalyzed ozonation procesgey: TOC uncatalyzed;
25l of the sample solution was transferred into a capil- (@) Toc catalyzed; 4) alachlor uncatalyzed;&) alachlor catalyzed;
lary tube, and EPR spectra were recoded in the X-band onexperimental temperature: 2@, alachlor concentration: 100 mg/I.

100 A A _A

Ny B [} ©
o o o o

Removal percentage (%)

o
[




294 J. Qu et al./Catalysis Today 90 (2004) 291-296

124 o Table 1
s 10] / Compe}risocrj\ of concentration of three by-products between catalyzed and
£ L] uncatalyzed ozonation
~ /
[%]
S 8 By-products Acetic acid Oxalic acid Propionic
E 61 / (mg/l) (mg/l) acid (mg/l)
g D;/ — Without Cu/ALO3 53.4 36.3 6.5
= Catalyzed by Cu/AlO;  11.7 1.0 0.7
8 2 Zg %g A§A
S ou‘c o—o o/° Initial concentration of alachlor: 100 mg/l; experimental temperature:
© 7o 90 120 150 180 20°C.

Ozonation time (min)

Fig. 4. Inorganic ions produced in the two ozonation procesdl: ( tion of acetic acid, oxalic acid and propionic acid in water

CI- uncatalyzed:[{l) CI- catalyzed; &) NO,~ uncatalyzed: 4) NO,~ decreased 78.1, 97.3 ar_1d 89.2%, respe_ctively, comparing to
catalyzed; @) NOs~ uncatalyzed; ©) NOs~ catalyzed; experimental ~ the uncatalyzed ozonation reaction. This result agrees with
temperature: 20C; alachlor concentration: 100 mg/l. the TOC removal efficiency of two ozonation processes, and

shows further the high catalytic capacity of Cu/@k on

Based on the high catalytic efficiency of Cup®z onthe  0zonation mineralization of alachlor.
ozonation of alachlor, the ultimate products such as inor-
ganic ions arising from the alachlor degradation were fol- 3.3. Effect o OH in catalyzed ozonation of alachlor
lowed with ozonation timeFig. 4 depicts the formation of
Cl7, NO;~ and NG~ produced from the mineralization Ozone may either react directly with organic compounds,
of organic chlorine linked to the side chain of alachlor and or decompose to generate some more reactive species, such
nitrogen linked to the aromatic ring during two ozonation as the hydroxyl radical®*OH), which control subsequent
processes. Nitrogen was principally mineralized into nitrate. oxidation reactions?OH is one of the most important ox-
Nitrite ions were initially formed, but they were quickly ox- idants due to its high reactivity and unselecting towards
idized to nitrate, and the formation rate of lfOwas very organic compoundgL5]. The proposed heterogeneous cat-
slow in the whole reaction process. By comparing the for- alytic ozonation mechanism were expressed as: (i) simul-
mation rate of Ct and NG, it was found that the ox-  taneous adsorption of ozone and organic molecules on the
idation of side chain of the alachlor molecular happened catalyst surface, (ii) decomposition of ozone on the metal-
more easily than the cleavage of the ring. The results re-lic sites and production of surface bound hydroxyl radicals
vealed that the first step of alachlor ozonation was mainly the that is more reactive than ozone, (iii) oxidation of adsorbed
dechlorination. Moreover, after being oxidized for 180 min organic molecules by adjacent hydroxyl radicals. Oxida-
by ozone alone, alachlor nearly disappeared completely andtion proceeds through several oxidized intermediates whilst
90.1% of chlorine was converted into Clbut there was  hydroxyl radicals are continuously generated by dissolved
only 13.7% of nitrogen converted into nitrite and nitrate ions. ozone that is transferred to the catalyst surface. The affinity
This implied that other (in-)organic chlorine-containing and of the oxidation products to the catalyst decreases and fi-
nitrogen-containing compounds were still present in the so- nal oxidation products desorb from the catalyst surfaé¢
lution. However, the conversion percentage of chlorine and Only about 2ug |~1 CL?t releasing from the Cu/ADs cat-
nitrogen of alachlor increased to 90.5 and 26.7%, respec-alyst was detected in solution after the catalyst being used
tively, in the catalyzed ozonation. It also can be found that for several times, which could verify that homogeneous re-
there were more Cl, NO3~ and less N@~ created in cat-  action could be neglected and the heterogeneous catalytic
alyzed process than those produced in the uncatalyzed oneozonation was a dominated mechanism in this study. To
This could be due to the stronger oxidation ability of the investigate the effect 0fOH on the Cu/A}Os catalyzed
catalyzed ozonation than that of the uncatalyzed one. There-ozonation of alachlor in the agueous solution, EPR experi-
fore, more complete dechlorination, denitration and cleav- ment was carried out. As shown kig. 5 a much stronger
age of the aromatic ring happened in the catalyzed ozonationsignal of* OH which had the typical spectrum of 1:2:2:1 was
process. presented in the catalyzed ozonation than that in the uncat-

The experimental results proved that the decomposition alyzed process. This indicated that m&€&H was produced
of alachlor in ozonation produced mainly three kinds of or- when Cu/AbOs was used as a kind of catalysts in ozonation
ganic by-products: acetic acid, oxalic acid and propionic process®OH has the oxidation potential as high as 2.80, and
acid. The concentrations of these organic acids produced init can oxidize organic substances easily. The greater rate of
the catalyzed and uncatalyzed ozonation were very different.decomposition of alachlor and higher ozonation efficiency
Table 1lis the comparison of three by-products, concentra- in the presence of Cu/AD3 could, therefore, be explained
tion of alachlor in the two 0zonation processes. In the ozona- by an increase in free radical hydroxyl concentration. Con-
tion without Cu/AbOj3 catalyzing, the concentration of three  sequently? OH formation and effect by the applying of cata-
organic acids was all much higher than in the presence of lyst becomes more important for TOC removal in ozonation
catalyst. After 180 min catalyzed ozonation, the concentra- process.
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_ 40000 Uncataysed Tabe2 _ _
% 200004 The catalytic efficiency of Cu/AlDs on ozonation when being used
g 0] e e s repeatedly
£ -20000
-40000 TOC removal percentage (%)

3420 3440 3460 3480 3500 3520 3540 : , , , .
10min  30min  60min  120min 180 min

-, 40000+ Catalysed
£ 200001 Unanalyzed 4.59 499 107 16.7 19.6
§ 0+ Catalyzed (one time) 16.2 21.2 39.5 52.1 58.4
£ -20000 Catalyzed (two times)  16.5 202 427 53.5 57.6
-40000 ‘ ‘ ‘ ‘ ‘ ‘ Catalyzed (four times) 16.3 207 381 518 58.3
3420 3440 3460 3480 3500 3520 3540 Catalyzed (eight times) 15.8 19.9 375 515 58.9
Gauss Catalyzed (10 times) 15.9 19.7 37.8 51.7 58.6

Fig. 5. Comparison of the intensity of DMPO-OH adduct signals with cat- 10, 30, 60, 120 and 180 min are the reaction conditions.
alyzer existed or not. DMPO andz@oncentrations are 25 and 0.568 mM,

respectively. 2ugl~1 CU?t releasing from the Cu/ADs3 catalyst was de-

tected in solution after being used for three times, and less
On the other hand, an obvious pH shift from 6.39 t0 meta] loss was observed with the next continuous applica-
3.98 in the uncatalyzed ozonation within 180 min was ob- tjgn of the catalyst. When the operations were repeated by
served. However, pH of the catalyzed solution remained 10 times, there was no &ti detected in water. This demon-
nearly stable at 6.15-6.45 throughout the ozonation processstyated that the Cu/AD3 was a stable and effective catalyst
The ozonation of organic substances generally occurs viajn the ozonation of organic pollutants, and the Cuf@y
one of two pathways: (i) direct reaction with the molecular ¢gated cordierite honeycomb could be taken as a kind of

ozone and (i) indirect reaction with the radical species pro- seful reactor for carrying out the catalytic ozonation of
duced as the result of the decomposition of ozone in water. gjachlor.

At higher pH, the main reacting route followed the radical

way, but followed the selective direct reaction pathway at

lower pH. Since the oxidation potential (2.80) of hydroxyl 4. Conclusions

radicals is much higher than that of molecular ozone, rad-

ical oxidation is much faster than the direct oxidation too. = Cu/Al,O3 has very effective catalytic activity in the
At higher pH, HQ~ ion created from the reaction between ozonation process. Although the degradation rates of
O3 and OH-, and*OH would be inspired consequently as alachlor were almost same in the Cw@k catalyzed and
shown inEgs. (1)—(4) [17] Therefore, with the pH decreas- uncatalyzed ozonation process, the TOC removal efficien-
ing of alachlor solution in the uncatalyzed ozonation, the cies showed a great difference in the two cases. The use of
direct reaction between alachlor and ozone played the dom-Cu/Al;Oz in ozonation of alachlor could increase the TOC
inant role. Contrarily, indirect reaction between alachlor and removal rates from 20 to 60%.

hydroxyl radical became the main pathway in the catalyzed More inorganic ions, such as Cland NGQ~, produced
process, which resulted in the higher TOC removal rate andin catalyzed process than in unanalyzed one, which veri-
more complete decomposition of alachlor in ozonation. fied the catalytic potential of Cu/ADs in the ozonation of
alachlor. In addition, the production of by-products (three

O3 +OH" = HO2™ + 0, (1) kinds of organic acids) was restrained by using Cp@A|
O3 +HO,™ — *HO,;™ +°03~ (2) as a catalyst in ozonation of alachlor. EPR experiments
_ N confirmed that larger amount diOH radicals generated

*O3” +H" — *HO3 (3)

when the catalyst was applied, and the indirect reaction of
*HO3 — *HO + O, (4) *OH and alachlor should be the main pathway in Cp(2y
catalyzed ozonation.

3.4. The catalytic efficiency of Cup;s in its repeated use

In order to investigate whether the Cu@l; catalyst Acknowledgements
could be used successfully in batch operations for remov-
ing organic pollutants from water, the tests were carried out
using the same Cu/AD3 coated reactor and measured the
catalytic efficiency indicated by TOC removal rate. The ex-
perimental results are shownTable 2 After 10 times uses

of Cu/Al>Os, the TOC removal efficiency kept almost at a References

constant rate, which suggested that the catalytic capacity of

Cu/Al203 was not decreasing with its reused times in the [1] .M. Thurman, D.A. Goolsyby, D.S. Aga, M.L. Pomes, M.T. Meye,
water treatment condition. On the other hand, only about Environ. Sci. Technol. 30 (1996) 569.

This study was supported by National Science Fund for
Distinguished Young Scholars (50225824) and National
Natural Sciences Foundation of China (20337020).



296

[2] T.L. Potter, T.L. Capenter, Environ. Sci. Technol. 29 (1995) 1557.

[3] G. Durand, V. Bouvot, D. Barcelo, J. Chromatogr. 607 (1992) 319.

[4] S. Chiron, A. Fernandez-Alba, D. Barcelo, Environ. Sci. Technol.
27 (1993) 2352.

[5] W.E. Pereira, F.D. Hostettler, Environ. Sci. Technol. 27 (1993) 1542.

]

[6] G.A. Penuela, D. Barcelo, J. Chromatogr. A 754 (1996) 187.

[7] G.R. Eykholt, D.T. Davenport, Environ. Sci. Technol. 32 (1998) 1482.

[8] C.S. Ryu, M.S. Kim, B.W. Kim, Chemosphere 53 (2003) 765.

[9] W.H. Glaze, J.-W. Kang, D.H. Chapin, Ozone Sci. Eng. 9 (1987)
335.

[10] C.G. Hewes, R.R. Davinson, Water AIChE Symp. Ser. 69 (1972) 71.

J. Qu et al./Catalysis Today 90 (2004) 291-296

[11] J.R. Utrilla, M.S. Polo, Appl. Catal. B: Environ. 39 (2002) 319.

[12] C. Nurizzo, P. Butelli, C. Pagani, in: Proceedings of the 12th Ozone
World Congress, Lille, France, 15-18 May, 1995, p. 361.

[13] B. Legube, N. Karpel, Catal. Today 53 (1999) 61.

[14] S.P. Tong, W.P. Lin, W.H. Leng, Q.Q. Zhang, Chemosphere 50 (2003)
1359.

[15] L. Oliviero, J.D. Duprez, H. Wahyu, J.W. Ponton, |.S. Metcalfe, D.
Mantzavinos, Appl. Catal. B: Environ. 35 (2001) 1.

[16] H. Bader, J. Hoigne, Wat. Res. 15 (1981) 449.

[17] M.M. Marie, A.K. Artnro, A.B. Clifford, G.R. Robert, C.S. Orville,
J. Hazard. Mater. B 89 (2002) 197.



	Ozonation of alachlor catalyzed by Cu/Al2O3 in water
	Introduction
	Experimental
	Materials
	Experimental procedures
	Analytical methods

	Results and discussion
	The removal efficiency of alachlor in catalyzed and uncatalyzed ozonation
	The main products of alachlor in catalyzed and uncatalyzed ozonation
	Effect of OH in catalyzed ozonation of alachlor
	The catalytic efficiency of Cu/Al2O3 in its repeated use

	Conclusions
	Acknowledgements
	References


