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ABSTRACT KEYWORDS
The nano-molecular sieving silicates based catalyst was designated and Kinetics;
visualized using computerized programs GERMANY. The theoretical Organic Pollutant;
investigationswas succeeded to design Hexa-Alumo-Silicateswith chemical Atrazine;
formulaNaAl Si, O,, which hastwo different sizes of cavitiesto apply as Herbicides;
nano-molecular sieving materials. The synthesized molecular sieving was Insecticides;
carefully characterized via XRD and SEM to provetheinternal structure of Modeling.

the new molecular sieving material. A kinetic studies were investigated
carefully of two types pesticides degradation. H,0, |oaded over molecular
sieving materials (Na Al Si, O,, ) wasapplied asoxidative environmentally
friend agent to decompose organic pollutant. The nano-synthesized
molecular sieving exhibited very good efficiency towards captures of organic
pollutant from industrial water drains such as atrazine herbicides and
carbaryl insecticidesin presence of hydrogen peroxide. Many of the kinetic
parameterswere investigated in thisarticle, resultsobtained indicated that,
the rate of oxidative degradation of pesticides (atrazine herbicides and
carbaryl insecticides) were found to be pH-dependent. The mechanism
was proposed and the activation parameters were cal cul ated.
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INTRODUCTION Carbaryl herbicides
SNH
Atrazine, 2-chloro-4-(ethylamino)-6-
(isopropylamino)-s-triazine, an organic compound! o) ®
congsting of an s-triazine-ring isawidely used herbi-
cide. Itsuseiscontroversial dueto widespread con-
tamination in drinking water and itsassociationswith

birth defectsand menstrua problemswhen consumed
by humansat concentrations bel ow government stan- (1-naphthyl methylcar bamate)
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dards. Although it hasbeen excluded from are-regis-
tration processin the European Union, itisstill oneof
themost widely used herbicidesintheworld. Atrazine
isused to stop pre- and post-emergence broadleaf and
grassy weedsin magor crops.

Carbaryl (1-naphthyl methylcarbamate) isachemi-
cal inthe carbamatefamily used chiefly asan insecti-
cide. Itisawhitecrystalline solid commonly sold under
the brand name Sevin, atrademark of the Bayer Com-
pany. Union Carbide discovered carbaryl and intro-
ducedit commercidly in 1958. Bayer purchased Aventis
CropSciencein 2002, acompany that included Union
Carbidepesticide operations. It remainsthethird most-
used insecticidein the United Statesfor home gardens,
commercid agriculture, and forestry and rangeland pro-
tection. Approximately 11 million kilogramswere ap-
pliedto U.S. farm cropsin 1976.

Beltran et a.[! wereinvestigated the oxidation of
atrazinein water by meansof direct photolysisat 254
mm and with hydrogen peroxide combined with au.v
radiation. Theinfluenceof bicarbonate/carbonateions
and acommercia humic substanceontheoxidationrae
has been observed. Theoxidation rateisespecially fast
with the combination of hydrogen peroxideand u.v.
radiation.

Technica atrazineand many other pesticides con-
stitute one of thelargest groups of organophpsphorous
compoundsthat represent anincreasi ng environmenta
danger>2. One of the novel technologiesfor treating
polluted water and wastewater isthe advanced oxida
tion processes (AOPs), by which hydroxyl radicals
(‘OH) are generated to degrade organic pollutants®.

Throughout the 20th century, the mechanisms, ki-
netics, and products of theA OPsusing hydrogen per-
oxide (H,0,), ozone (O,), UV or ultrasonic irradia-

tion, titanium dioxide (TiO,), and Fenton’s reagent,
whichisacombination of ferrousionsand H,0,, were
investigated extensively. Thesetreatmentswere stud-
ied separately or in various combinationg* 7.

Technical Carbaryl and their formulation types
have abroad spectrum insecticidal control of sucking
and chewinginsects, including aphids, houseflies, mos-
quitoes, scaleinsectsand spider mites. Used infruits,
ornamentals, beans, vegetables, and stored prod-
uctsd.

J. Wang et a.[® confirm that nanometer rutiletita
nium oxide powder TiO, can be used asnano-cataytic
degradation of organic pollutantsfor treating organic
wastewatey.

Theessentia goasof present articlearemodeling
and application of new Hexa-Alumo-Silicates with
chemica formulaNgAl S, O,, which hastwo differ-
ent Sizesof cavitiesto gpply asnano-molecular Seving
meateria sfor oxidativedegradation of technicd atrazine

and carbaryl pesticide.
EXPERIMENTAL

Materialsmodeling

New seriesof nano-molecular sevingweredesig-
nated and visudized us ng computerized program DIA-
MOND IMPACT CRY STAL version 3.2 and MER-
CURY verson 2.3 Germany. Thetheoreticd investiga:
tionswas succeeded to design Hexa-Alumo-Silicates
with chemical formulaNa Al S, O,, which hastwo
different sizesof cavitiesto apply asnano-molecular

Sevingmaterids.
Catalyst synthesis
Thesamplewith generd formulaNg Al S, O, was

prepared by conventiond solid statereacti gn rlco)utscze and
sintering procedure using appropriate amount of
Na,CO,, and (Al),Si,O, each purity >99%. Themix-
turewasgroundin an agate mortar for one hour. Then
thefinely ground powder was subject tofiring at 1150
°C for 20 hours and reground and finally pressed into
pelletswith thickness 0.15 cm and diameter 1.2 cm.
Sintering process was carried out at 980 °C for 32
hours. Then thefurnaceiscooled dowly down to room
temperature. Findly the materiad sarekept in vacuum
desiccator.
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Carbaryl and atrazine solutionssynthesis

Technical Carbaryl and Atrazineinsecticideswere
supplied from Kafr Elzayat for Pesticidesand Chemi-
casCo., dl investigationswere performed spectropho-
tometrically at A, of Atrzine 220 nm/ 378 nm and
maximum absorption A, of Carbaryl was280 nm/
412 nm respectively.

Molecular siever characterization
X-Ray diffraction (XRD)

The X-ray diffraction measurements (XRD) were
carried out at room temperature on the fine ground
Na,Al S, O, systemsontherange (20 =5-70°) using
Cu-Ka radiation source and acomputerized [Bruker
Axs-D8advance] X-ray diffractometer withtwotheta

SE-micrograph recorded for Na. Al Si, O,, with
estimated grain size 3.19 um which is completely
matched with literature and AFM-investigations spe-
cidlyfor slicatestypestructure.

ARM- invedtigationswereperformed by usngtapping
modeof imagingwith highresolutionAFM nano-driver di-
Innova( Bruker)-USA. Thepatidesizeof NaAl S, O,
nano-catalyst wasevd uated by AFM-investigationsand
found to bein between 35-68 nmwhich confirmsthesuit-

ability of thismeterid assurfacenano-caayd.
Kinetic measur ements

Thekinetic measurementsof thereactionwerecar-
ried out using UV-VIS spectronic 6021 spectropho-
tometeratA__ 378 and 412 nmfor technical carbaryl
and atrazi neinsecticidesrespectively. Deionized water
wasusedin preparationsof al solutions.

RESULTS& DISCUSSION

Modeling of molecular catalyst for sieving process

—= Fyl] Peper

scan technique. Analysisof the corresponding 20 val-
uesand theinterplanar spacing d (A°) by using com-
puterized program proved that the compoundismainly
typica tothevisuaized onewhich confirm thequality
of preparations.
AFM -microscopy and scaning electron — micro-
scope

Scaning el ectron microscope (SEM) measurements
werecarried out usng smal piecesof prepared samples
on different sectorsto betheactua molar ratiosby us-
ing “TXA-840,JEOL-Japan” attached to XL30 appa-
ratuswith EDX unit, accelerant voltage 30kv, magnifi-
cation 10x up to 500.000x and resolution 5. nm. The
sampleswerecoated withgold.. Theaveragegrainsize
wascalculated and found to be 3.19 um.

- -
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New seriesof nano-molecular Seving weredesig-
nated and visudized using computerized program DIA-
MOND IMPACT CRY STAL version 3.2and MER-
CURY version 2.3 Germany. Thetheoretica investiga-
tionswas succeeded to design Hexa-Alumo-Silicates
with chemical formulaNa Al S, O,, which hastwo
different sizesof cavitiesto apply as nano-molecul ar
Sevingmaterids.

From Figure 1 one can notify that the unit cell of
molecular formulaNa,Al S, O,, crystaizeas hexago-
nd crystasand duminum,silicon occupy thesamacrysta
sites. Sodiumionslocated in between siliconsatoms
perpendicularly to the plan of oxygen atoms.

Visuaizing the crystall ographic dataof molecular
formulaNa Al S, O, using computerized program
DIAMOND IMPACT CRY STAL version 3.2 and
MERCURY version 2.3 Germany gave usthe oppor-
tunity to judge the success of theses formulaas mo-
lecular sieving materials see Figure2 and TABLE. 1.
Figure2displaysthevisudized XRD of Na Al S, O,

formulated to gpply asmolecular sevingmateriaswith
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Figure1: Hexagonal crystal form of proposed Sodium -
Alumino-Silicateswith P6, Space Group.

TABLE 1: Selected bond distancesand anglesinside unit
cell of hexagonal Na Al Si, O,,

Atoml Atom2 D1-2 Atom3 D1-3 Angle213

01 AIl1Si1 16243 Al1Si1 1.6243 147.646
02 AI1Si1 16281 Al1Si1 1.6281 180.000
Al1lSi1 01 16243 Ol 16243 109.852
O1 16243 01 1.6243 109.852
O1 16243 02 1.6281 109.087
O1 16243 01 1.6243 109.852
O1 16243 02 1.6281 109.087
O1 16243 02 1.6281 109.087
characterigtics peak liesat ~twotheta= 28 asclear in
Figure2.

FromTABLE.litisclear that thereistwo different
types of oxygen atom symbolized as O, and O, re-
spectively whilealuminumand siliconsatomsarelo-
cated on the same sites inside the unit cell of
NaAl Si, O,, which is hexagonal with P6, space
group. Asclear there aretwo typesof bond distances
nominated as O,-AlSi; and O,-AlSi; which found
1.6243 and 1.6281 A respectively.

The elongation occurred on the O,-AlSi, bond
length isdueto shielding effect caused by oxygen at-
omsthat surround thesiliconesatomssties.

Theanglesinsideunit cell haveno violation only

0O1-S1-Siland O2-Si1-Sil anglesaredifferentin at-
titude dueto environmental atomseffectsrecording
vaues147.64° and 180° respectively. The rest of angles
areranged between two values 109.85° and 109.08°
respectively.

Figure 3 displaysthe 2x2x2 super-unit cell of the
synthesized hexagona Na,Al Si, O,,. Itisclear that
thesynthesized compound are having two different kinds
of cavitiesthefirst oneishexagona inshapeand large
insizein contrast with second onewhichissquaresas
clearinFigure3.

Figure3: 2x2x2 super unit cell of Hexagonal Na Al Si, O,
showing thetwo differ ent sizesof cavity symbolized ascavity
A and B respectively.

Thesetwo different Szesof cavitiesingdethesame
compound allow usto apply such these compound to
sevetodifferentkindsof ionicradiusinmolecular Seving
process. Thehexagonal cavity consistsfrom eight oc-
tahedron unitsand squares oneformsfrom only four
unitsof silicon-octahedra.

Itiswdl known that the molecular sieving process
isambient conditions dependent which meansall se-
lective process by using Na Al Si, O., must be con-
trolled to be efficient in selectivity of organic moieties
such ascarbaryl or atrazine pesticides.

Intenisty
6000 =
4000: " i. _ Visualized XRD-Profile of Sodium alumo-Silicate
| o : Na6AI6Si10032
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Figure?2: Visualized XRD-profilefor modeled formulaNa Al Si, O,,
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Asclear inFigure4 theregular shapeof themeshes
confirmthesuccess of sodiumaumino silicatesasmo-
lecular sieving materialswith huge surfaceareainthe
nano-rangethat enhancesthe capability of ionsselec-
tivedueto two factors 1% isthe huge of surface area
and 2 sthetwo cavity sizesinthe 3D-framenet struc-
tureof modeled Na,Al S, O,, nano-structure.

610732

i -3
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Figure4: 3D-framenet of proposed Sodium alumino-silicates
molecular sieving compounds.

M echanism and order of reaction:

Themechanism of oxidative degradation of techni-
cal Atrazineand Carbaryl wereproposedinour inves-
tigationsastwo step process. Thefirst step, isthefast
onewhichincludesthe reaction between hydrogen per-
oxideand Hexa-Alumino-SilicatesNa Al S, O, solid
surfaceirreversibly witharate constant K, (Eq. 1) to
formintermediate activated complex C*, but thisstep
isthefastoneandirreversible.

The second step istherate-determining step (dow
step) includesthe reaction between activated complex
C* withthetechnica Atrazineor/and Carbaryl witha
rate constant K, (Eq.2).

O,+[NaAlS, O, ] 15 [C*] D
[C*]+[PESTICIDES] —*2 5 [P]+[Na Al S, 0.] (2
Where [P] is decoloured oxidative PESTICIDES,
[PESTICIDES] =[Atrazine] or [Carbaryl].

The mechanistic sequences may describesasfol-
low: the addition of H,O, to the catalyst
[NaAl S, O,] surfacewhichincludes different oxi-
dation states of different ionsbut generally wewill use
symbol M*"whichindicatetodl positivecationsonthe
catalyst surface (Al**, Na** and Si**) which reactswith
H,0O, forming u* bound peroxide, which stabilized by

—== Pyl Paper

hydrogen bonding**™ forming activated complex [ C*]
that finally reacts rapidly reversibly with substrate
malathion oxidizingit asdescribed inequation (2).

Robbinset al.* studied the activation of hydro-
gen peroxidefor oxidation of quinadineblueindicator
by using copper 2 2 complexesand they reported that,
using of metal redox mechanismg*2 for activation of
H,O, decomposition but, intheir mechanismof activa-
tion H,0, coordinates fastly with copper 2 2 without
any changeinitsoxidation state.

Order of thereaction

Theorder of reaction isevaluated by application
the conditions of pseudo-first order reaction by keep-
ingH.0, inlargeexcess and consequently, theoveral
reaction can be expressed as showsin Eq.(3).

[H,0,] +[NaAl S, O,] +[PESTICIDES] _Kiwe 4
[PESTICIDES] ©)
Hencetherate of oxidation dependsonly on the con-
centration of

[PESTICIDES] = carbaryl /atrazine and can be ex-
pressed asfollows:
Rate=K,__[H,0,] [Na Al S

0_][PESTICIDES]  (4)

Where K e is the true rate constant but,
[NaAl .S, O,] and[H,0,] >>>[PESTICIDES]
Thusrate K. [PESTICIDES],whereK =

true [HZOZ] [NaGAIG 10 32] (5)
According tothefirst order reaction condition a
plot betweenIn(A, —A,)) and timewas constructed giv-

IN[A-A]
L}

¢ 4x10°M
—— Linear Fitting

[P I SR R T T
15 20 25 30 3¢t

Time min.
Figure(5a) : Thefirst oxidativereaction of [Atrazine]=4x10
*M with wt.of catalysis=0.02 g, in the presence of H,O, =
0.05M, Temp. 30°Cand pH =7.
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Figure(5b) : Thefirst oxidativereaction of [Car baryl]=8x10
*M with wt.of catalysis=0.02g, in the presenceof H,O, =
0.05M, Temp. 30°Cand pH =7.

ingstraight lines(FigureS, ) withslop equal to observed
rate constant K and hence, the true rate constant
K. Can beeasily evauated by knowing [catalyst] and
[H,O,]. Inthisrespect, A, and A arethe absorbance
of the[PESTICIDES] at timet andinfinity, respectively.

Pesticides concentration effect:

Figure (6,,) show the relation between the con-
centration of Atrazineand H,O, respectively withthe
evaluated rate constant (K ) anditisfoundthat, the
vauesof rate constant increasewithincreasing both of
atrazine concentration and hydrogen peroxide confirm-
ing that the oxidative degradation of atrazineisafirst
order reaction under these conditionsand hydrogen per-
oxidedependent.
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Figure6,: Thevariation of observed rate constant (K, )
versusH, 0, concentrations.

According to Eq.1 and Eq.2, both of H,0, and
pesticidesplay animportant roleinthereaction sequence
sincethehydrogen peroxideinitidly attackstheactive
centerson the catalyst surface forming p2 bound per-
oxide, which stabilized by hydrogen bonding*** form-
ing activated complex [C*] that finally reactsrapidly
and reversibly with substrate pesticidesoxidizingit as
described in equation (2). And by thesametheincreas-
inginthesubstrate pesticides concentration must leads
to correspondenceincreaseinthereaction rates.

[11.1V. Temper atur e effect

Figure(7) display the effect of temperatureonthe
reaction rate of degradation of the pesticide. Thereac-
tion between [pesticide] = 6x10* M with 0.02 g of the
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Figure(7) : Thevariation of observed rate constant (K , )
ver sustemperatures.
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catalyst at pH=7and H,O,=0.05M wascarried out
at different temperatures.

Itisfoundthat, therate of oxidative degradation of
carbaryl withNg Al Si, O, silicatescatalyst increases
withincressingthetemperature. It clear thet theincrees-
ing of temperature causes an activation to the surface
areaof theNgAl S, O,, silicates catalyst that already
reacted to reform new oneand consequently the num-
bersof active centerswill beraised yielding to corre-
spondenceincrease on the reaction rate degradation
process.

Deter mination of theactivation parameters

Figure(8) displaystheArrheniusplot of InK ver-
sus 1/T, where T isthe absol ute temperature K isthe
observed reaction rate constant at thistemperaturein
accordance with the Eyring- equationl*¥,

Linear Fitting

-5.3 =

5.4 =

In K

=55 =

56 =

-57 |~ Fig.8
1 i 1 i i i | " |

2.10 2.15 2.20 2.25 2.30

235
UTx 107 (K")

Figure(8) : Arrheniusplot for degradation of atrazinewith

Na Al Si, O,, silicatescatalyst.

K =k, T/h.e\e"RT (6)

Wherek, and h arethe Boltzmann’s and Plank’s con-

stants, respectively.

Fromthisplot, theactivation entha pywasfound to
be AH* =-234.6 KJmol & AG* =47.8 KJmol and
AS* =67.8 Jmoal K. Thesethermodynamic activation
parameters help to understand and support the pro-
posed catal ytic oxidative mechanism enhancing usto
estimate how much the ease of such thesereactionto
occur spontaneoudly.

Salt effect
Figure(9,,) show theeffect of the[KCI] and [KBr]

—== Fyl] Peper

ontheoxidation reaction rate of both atrazine/carbaryl.
Itisclear that, theincreasing of salt concentration leads
toanincreaseinthetotal ionic strengthinthereaction
medium and consequently increasing the adsorption of
the substrate on the catalyst surface. Theseresultsare
in agreement with number of articleslike®>*¥ inwhich
thekineticsinvestigations on the degradation of haz-
ardous materialsorganic substrateswere performedin
presence of hydrogen peroxide and metal oxide sur-
face catal yst2>21,
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Figure(9,) : Thevariation of observed rateconstant (K , )
versusconc. of KCI.
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CONCLUSIONS

The conclusiveremarkscan besummarizedinthe
following points:

M odd ed Hexa-Alumo-Silicates succeeded asmo-
lecular Sever and environmenta catalyst.

Degradation of atrazineand carabaryl pesticides
over Hexa-Alumo-Silicates are succeeded and proved
that the degradationisfirst order reaction and concen-
tration dependent.

ThemodeledNa Al S, O,, silicateshavetwo dif-
ferent kindsof cavities capableto capturetwo different
Sizesof atomicradius.
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