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ABSTRACT

Reverse micro emulsion route with subsequent several heat-treatments
was considered to synthesize y and o ?alumina nanoparticles. The study
clarified that metastable y-Al,O, phase was gross through the annealing
temperature (650°C-900°C) with particle size ranged (2nm-4nm). The
increase of temperature to more than 900°C, leads to a well formation of
stable a-Al,O, with particle size 80nm. The investigations confirmed that,
v-alumina is characterized by its great roughness, surface area and pore
volume, while a-alumina is distinct by small porosity. These two alumina
phases were tested in water detoxification. Their efficiency to remove
lead from water was measured. The measurements indicated that the re-
moval efficiency after 7h for y and o alumina reaches 94.5% and 92%
respectively. These resultstogether with the characteristic study of rough-
ness and porosity recommended that y-Al,O, can be applied as catalyst
support in adsorption of toxic heavy metals, while, a-AlLO, can be used
in fabrication of water desalination membrane.
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The heavy metas are introduced into natural
water resources by waste water discharged from
industries such assmelting, meta plating, cadmium,
nickel and lead storage batteries, phosphate fertil-
izer, mining, galvanizing, paints, pigments, cosmet-
ics, stabilizer and alloy manufacturing*#. The re-
moval of heavy metals from natural waters or soils
isvery critical. It represents an essential topic that
has attracted a considerabl e attention. It could enter
thefood chain through drinking water and cropirri-

gation from waste water which is considered to be
a widespread problem. Lead is nonbiodegradable
and tends to bio-accumulate in cells of the living
organismg®. Lead causes severe damageto thekid-
ney, nervous and reproductive systems, liver and
brain. The conventiond technol ogiesfor theremoval
of heavy metal ions from aqueous solution include
chemical precipitation, ion exchange, reverse osmo-
sis, electrochemical treatment and adsorption®*2,
Among the different treatments described above,
adsorption technology is attractive due to its merits
of efficiency, economy and simple operation method
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without yielding harmful by-products™®.

Now, most of researchers directed to alumina
studies have considered the adsorption of toxic ma-
terial such as Pb?*, Cd*, Zn?* and Ni#43, Alu-
mina nanoparticle with different phasesis the most
preferable method to remove heavy metals. Physi-
cal phenomenarelated to the growth and phase for-
mation of alumina, Al,O,, were investigated™>#,
Theusual synthesis of the transition aluminaphase
consists of two steps. Thefirst step is the prepara-
tion of aluminahydrates such as amorphous aumi-
num hydroxide, bayerite, and boehmite. The second
isthe transformation from alumina hydratesto alu-
minathrough thermal decomposition by calcination.
The metastable phase (y) is involved in transition
sequences, which al irreversibly end in the trans-
formation to the stable (o)) phase at high degree of
temperature depending on the preparation techniques.
Thus, achieving low-temperature growth of a-alu-
minaand/or high-temperature stability of metastable
aluminaarethemain goas of the present study, which
would be of great importance and would increase
the range of possible applications?!. Several re-
searcherd??" studied the different phases of au-
mina to choose the most important one in applica-
tions in catalysig?*%, opticd*¥, electronicd®!, ad-
sorptiont®! and biomedical applicationg®®.

Numerous methods have been adopted for syn-
thesisAl O, nanoparticles, which include mechani-
ca milling, sol—gel method® 4%, hydrolysisand pre-
cipitation, hydrothermal method, combustion synthe-
sis, and electrospinning method?*4Y, Water-in-oil
(W/O) microemulsions or reverse microemulsions
techniqueis one of the most recognized methods*®
due to its advantages, such as, soft chemistry, de-
manding no extreme pressure or temperature con-
trol, easy handling, and requiring no special or ex-
pensive equipment, and was invented as an effec-
tive process for preparing nanoparticles*d. W/O
microemulsion is coexistence of excesswater phase
and the surfactant mol ecul esthat aggregate in theoil
phasein the form of reverse micelle?®l,

Inthe present work, aluminananoparticleswere
prepared using reverse microemulsion method. The
morphology, particle size and composition were
studied as a function of the heat treatment for the
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prepared samples. The synthesized y-Al,O, and o-
Al,O, nanoparticles were employed as asorbent for
removal of lead metal from water. The effects of pH
and the contact time on the adsorption processwere
studied and optimized.

EXPERIMENTAL

Samplepreparation

All the chemicals used here to synthesis Al,O,
were of analytical grade, aluminum nitrate
(AL(NQ,),. 9H,0), ammonia (NH,.H.0), Triton X-
100 (polycthylene glycol octylphenyl ether), n-butyl
alcohoal, cyclohcxanc, nitric acid and lead nitrate.

Cyclohexane, Triton (X-100) and butanol were
used asoil phase, surfactant and co-surfactant mixed
magnetically with a magnetic stirrer (MODEL 78-
1) with ratios 20:1:4 until the mixture becomestrans-
parent. The mixture was divided into two parts. 1.6
M Al(NO,), was added to the first part while am-
moniawas added to the second part until pH equals
11. Then the mixture containing ammoniawas added
drop by drop to the mixture containing Al,(NO,),
until pH isadjusted at 8.5-9. The final mixture was
stirred using magnetic stirrer for one hour and then
aging for 24 h. The precipitate washed with ethanol
by ultrasonic (Wise clean) and followed by centrifu-
gation. The powder was dried for an hour at 60°C.
Then the powder was annealed for two hours at dif-
ferent temperature 650-1150°C.

Samplecharacterization

X- ray diffraction analyses were carried out us-
ing aProker D, advance X- ray diffractometer with
CuK  radiation (A = 1.5418 A) to identify phases
formation of Al O, after each calcination tempera-
ture. The X-ray diffraction pattern was recorded at
room temperature in a wide range of Bragg angles
20 (20°<26<80°) with 0.02° step size. The crystal-
lite size was calculated from the X-ray data using
Scherrer’s formulal®®. FTIR spectra were obtained
with JASCO-FTIR-4100 using the potassium bro-
mide; each spectrum was collected after 32 scans
between 400 and 4000 cm'! at aresolution of 4 cm’™.
Scanning electron micrographs as well as energy
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dispersive X-ray analysis (EDX) of theinvestigated
samples were performed using SEM (JEOL-JSM
6100), operating at 30kV as an accelerating volt-
age. EDX was used to examine the morphology of
the surface and percentage of Al and O. AFM of
model Wet — (SPM-9600) (Scanning Probe micro-
scope, Shimadzu madein Japan Non-Contact mode)
has been used to measure the roughness, porosity
and surface area of the investigated samples. AFM
was performed to measure the vertical and horizon-
tal deflection of the cantilever with pico-meter reso-
[ution. Zetapotentia measurementsof thetwo phases
of alumina nanoparticles dispersed in water have
been obtained using zeta seizer nano series (Nano
ZS), Malvern, UK, size range 0.6 to 6000 nm and
zeta potentia range of (-200 to 200 mV). The con-
centrations of heavy metal ions after reacting with
aluminahave been analyzed at different pH and time
with an atomic absorption spectrometer (PERKIN
ELMERA. Analyst 100) using standard atomic so-
[ution.

Batch experiment of Pb? removal

To study the optimum pH val ues of Pb?" adsorp-
tion, the experiments were carried out in a series of
250 mL flasks containing (0.1g/L) of nano alumina
powder in 2ppm of lead nitrate. Lead ions adjusted
at different pH values from 2-11. The investigated
solutions were dispersed well using electric shaker
(ORBITAL SHAKER SO1) at 250 rpm for 60 min
at room temperature. The supernatant solutionswere
then collected and filtered through 0.2um syringe
filter. Lead concentrationsin the filtrate were mea-
sured using atomic absorption spectroscopy (Zeenite
700P, Analytical Jena) at 25°C. Every experiment
was run in triplicate and average values were used
in theresults. The optimum contact time was exam-
ined by repeating the above step with adjusting the
pH value at its optimum measuring value and the
atomic absorption was measured after different con-
tact times(1to 24h). Thealuminaremoval efficiency
is calculated according tol*4.

Removal (Adsor ption) efficiency % =100 x (C -
C)/C. (1)

where C and C aretheinitial and final concen-
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trations (mg/L) of lead ion solution, respectively.
RESULTSAND DISCUSSION

XRD analysis

Figure (1) illustrates XRD pattern at room tem-
perature for the prepared samples calcined in air at
different temperatures combined with [ICDD 00 029
0063] and [ICDD 04 004 2852] of y-ALQO, and a-
Al O, respectively. XRD pattern for the as-prepared
sample without any heat treatment shows a diffuse
peak indicating amorphous structure of thissample.
After annealing the samples in air at 650°C and
700°C, the diffraction peaks can be indexed as the
major diffractions of y-ALQO, [ICDD 00 029 0063].
The appearance of broaden peaks at 700°C confirm
the formation of y-Al,O, with very small
nanoparticle (2.8nm), based on the Scherrer equa-
tion; the crystalitesize of asampleisinversaly pro-
portiona tothefull-width at half maximum (FWHM).
With reaching the annealing temperature to 900°C a
better crystalinity was obtained with completely
identifications of [ICDD 00 029 0063]. Thisimplies
that, the stability of the single phase formation of y-
Al QO,, with cubic spinel structure and space group
Fd-3m began from 650°C and settled up to 900°C.
With increasing the cal cination temperatureto more
than 950°C, the cubic structureis deformed and con-
verted into hexagonal shape and aperfect phasefor-
mation of a-ALQO, with space group R-3C was ob-
tained as matched with the [ICDD 04 004 2852].
Accordingly, these results give single metastable
phase of y-AlL,O, in the temperature range
650°C<T<900°C and stable single phase of a-ALO,
from 900°C to above 1150°C (900°C <T>1150°C).
The comparison with the results of Ref.[*3 confirms
that, the two phases of alumina were successfully
prepared inthe present work at lower annealing tem-
peratures and better crystallinity.

The lattice parameters (a, b, c) of the investi-
gated system have been calculated for the cubic
structure (a=b=c) using therelation

a= dhklvth2+k2+|2)i (2)
and for the hexagonal structure systemwerecal-
culated using the rel ation(
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Figure 1 : The XRD patterns of the aluminum oxide

nanoparticles annealed in air at different temperatures

for 2h with the ICDD cards [00 029 0063] and [04 004

2852]

vd, , =4(h? +hk+k?)3a2+12 (3)

Here (h, k, |) are the Miller indices and d,, is
the corresponding d-spaces. Also, the particle size
D has been calculated, from the X-ray data, using
the Scherrer’s equation!*® 44
D= KA/Bcos 6 (4)

K is the particle shape factor, A is the target
wavelength, 3 isthefull-width at half maximum, and
0 isthe position (angle) of the maximum peak.

The calculated particle size D and the lattice
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parameters for the unit cell are reported in TABLE
1 at different annealing temperatures. It isnoted that,
the cal culated values of thelattice parameters agree
adequately with that of the|CDD cards[00 029 0063
and 04 004 2852]. It is known that! the cal culated
particle size is defined as the center-to-center dis-
tance between two neighbor particles. With increas-
ing the annealing temperature from 650°C to 1150°C,
the particle sizeincreasesfrom 2.8nmto 147nm, in
other words the center-to-center distance between
particles was increased from 2.8nm to 147nm. The
condensation and growth of thisinter particlesdis-
tance play asignificant role in the physical proper-
ties of the samples (porosity, hardiness adsorption,
and so on).

Thermal analysis

In order to clarify the thermal stability of the
prepared alumina samples the quantitative TGA-
DTA analysis was estimated. When the precursor
powder was heated in Nitrogen atmosphere three
distinct weight losses were observed as shown in
Figure [2: &, b]. According to TGA curve, the as
synthesized material shows dight massloss of about
-4% from 26°C to 100°C. On the other hand, the ma-
jor masslossisobserved at 100°C to 249°C. It isof
the order -70%. Thelast masslossthat isabout -6%
occursinthetemperaturerangefrom 249°Cto 654°C.

DTA curve showstwo main endothermic peaks
at about 213°C and 307°C. They are corresponding
to the evaporation of the absorbed water and to the
evaporation of the constitution water in the alumi-
num hydroxideAlOOH. Moreover, some of the other
exothermic peaks appear in the tempurature range
from 370 to 781°C. They are associated with the

TABLE 1: The calculated XRD parameters at different annealing temperature

T . . Calculated cell parameter ICDD card cell parameter
0 Particlesize(nm)  Structure 3 3
(C) a(A) c(A) VolumeA® A (A) C(A)  VolumeA
650 24 Cubic 7.9235 497.46
700 28 Cubic 7.9217 497.12
y I 7.9240 497.55
800 38 Cubic 7.9207 497.10
900 3.6 cubic 7.8693 487.30
950 80 hexagonal  4.7209  13.0126 251.12
1000 88 hexagonal  4.7601  12.9555 254.23 4.7602  12.9933 254.98
1150 147 hexagonal  4.7472  13.0174 254.05
flano Sclence and Nano Technology
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Figure 2 : Thermal analysis of the as prepared alumina (a) TGA and (b) DTA

conversion precursor of.
Al(OH),—>AIOOH —> y-ALO,. (5)

It is worthwhile noting that, no mass loss oc-
curred above 781°C. This, inturn, indicatesthat the
metastable state yAl,O, is already formed
before781°C. This result agrees with that obtained
from XRD analysis. The endothermic peak at 1012°C
corresponds to the formation of a-AL,O,. Accord-
ingly, itisconcluded that, the experimental techniques
considered in thiswork confirmed the formation of
metastable of yAl,O, and oAl O, at lower tem-
peraturesthan those reported previous work!8 222,

FTIR

Figure (3) showsthe FTIR spectrafor Al,O, an-
nealing at different temperatures. Thefiguredisplays
broad bands around 3500cm™ and 1630cm™. They
are assigned to stretching and bending modes of
adsorbed waterl. It iswell known that®, the bands
in the region of 400-1000cm™ are generally associ-
ated with the stretching vibration of Al-O bonds.
The identification of the obtained bands for the
sample annealed at 700°C referred to the formation
of y aumina. The appearance of very small Al-O
stretching modes of [A1Q,] at 767, 624, and 579
cn?, in addition to the two bands at 1434cm and
1512cm* confirmed theformation of y alumina. The
intensity of the bands in the region 400-1000 cm?
increases with increasing the annealing temperature
which clarifies a better crystalinity of y alumina
formed at 900°C. It is hoted that the phase transfor-
mation was obtai ned when the cal cination tempera-
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Figure 3: FTIR spectra of the alumina samples annealed

at 650°C, 700°C, 800°C, 900°C, 950°C, 1000°C and

1150°C

ture become greater than 900°C, where the bands
576 and 763cm* disappeared and new bands were
formed at about 450, 591, 650 and 1113 cm™. These

results are consistent with those reported in Refs.!1":
21, 283, 45 46].

SEM

The size and morphology of the particles were
further characterized by the scanning electron mi-
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Figure 4 (a, b) : SEM micrographs of (a) y-alumina annealed at 900°C and (b) e-alumina annealed at 1000°C

croscope (SEM). Figure (4: a, b) illustrates the
(SEM) micrograph of the prepared aluminaannealed
at 900°C and 1000°C. Very fine particles aggregated
in large grainsin platelets form with irregular geo-
metrical shape appeared in the micrograph of they-
alumina sample that is beside the presence of very
small pores. The a-alumina micrograph is charac-
terized by better crystalinity of small spherical par-
ticles slightly accumulated and surrounded by some
large pores. These micrographs promised that, the
annealing temperatureincreasesthe particlesizeand
improvesthe crystalinity of the prepared samples.
Figure (5: a, b) shows the EDX quantitative
analysis of y- AlLO, and a-Al,O,annealed at 900°C
and 1000°C respectively. The data assured the pure

preparation of the samples. The obtained weight
percentage of each of Al and O werein comparable
values with the stoichiometric ratio of AlLO, with a
dlight increase of the oxygen ratio that is due to the
performance of annealinginair.

BET analysis

The prepared aluminawas characterized by N,-
adsorption / desorption measurements (BET Analy-
sis). The surface area, average pore size and pore
volume analysis of a-AlLO, and y-ALO, were de-
termined and provided in TABLE (2). Thedataclari-
fiedthat, y-ALO, characterized by large surface area
and large pore volume. Accordingly, it is recom-
mended that y-AL,O, can be used in the purification
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Figure 5(a, b) : EDX analysis of (a) y-alumina annealed at 900°C and (b) a-alumina annealed at 1000°C

TABLE 2: The calculated BET parameters: Surface area (S), Pore volume (P,) and Pore diameter (P,) of each of y-

AlLO, and a-ALO,

Sample S (m%g) Py (cm¥g) Py (nm)
v-Al,04 136 0.06579 0.193
0-Al,Os 19.29 0.00921 0.191

and desalination of water. On the other hand, the
dataindicated that o-ALQ, is preferably employed
to support adesalination membrane.

AFM

Atomic force microscope (AFM) is a powerful
tool for the determination of topography and the
roughness in even nano-scale. Figure (6: a, b) rep-
resents AFM (non-contact mode) 3D topographic
images of y-ALO, annealed at 900°C and a-ALO,
annealed at 1000°C, while the plane image of these
two aluminaphasesisillustrated in Figure (7: a, b).
Itisshown that, the height differencefor a-ALQO, is
279.45nm while that for y-ALQO, is 303.31nm, this
means that; Gama alumina characterized by higher
roughness surface than Alfa alumina. Thisis con-
sidered as a reasonable guide for the application of
v-Al,O,ascatalyst support and in adsorption of toxic
metals because of its roughness and large surface
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area, while, a-A1,O, can be used as a support in
fabrication of water desalination membrane.

Adsorption studies

Most of atoms are unsaturated on the
nanoparticles surface and can easily bind with other
atoms. Nanoparticles are characterized by high ad-
sorption capacity, besides, rapid adsorption pro-
cess*l, The metal ionsin the aqueous solution may
undergo solvation and hydrolysis. The process in-
volved for metal adsorption is as follows.

M** + nH,0 = M(H,0)F (6)
M (H,0);"_[M(H,0),,(OH)]" + H*
M** +nH,0 < [M(H,0),_,(0H)]" + H+(8)
Thecolloidal stability of suspensionsof alumina
particles has been investigated by measuring zeta

potential. Zeta potential (C) was determined as a
function of pH. When particles are dispersed in an
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Figure 6(a, b) : 3D AFM image of (a) y-AlL,O, annealed at 900°C and (b) a-AlL,O, annealed at 1000°C
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Figure 7 : AFM plane image of (a) y-AlL,O,annealed at 900°C and (b) a-ALO, annealed at 1000°C

aqueous medium, the surface chargesonthe particles
are bound to influence the state of dispersion or ag-
gregation by the particles. A well dispersed sub-
stance can be obtained with high surface charge den-
sity to generate strong repulsive force. The surface
chemical properties of the powder were determined
by the H* and OH- ions adsorb on the particle sur-
face*® 49, If al suspended particles havelarge nega-
tive or positive zeta potential then they tend to repel
each other and thereis no tendency to flocculate. If
the particles have low zeta potential, then there is
no force preventing the particles coming together and

floccul ating. Particles with zeta potential more posi-
tivethan +30 mV or more negativethan-30 mV are
normally considered stabl€'4. Figure (8: a, b) shows
the effect of pH value on zeta potential of y and a-
alumina. The isoelectric point (iep) is the point at
which the surface concentration of H* and OH" are
equal. The (iep) of y and a- alumina powder were
found at pH equals 4.3 and 6.5 respectively. The
surface charge is negative at pH greater than (iep)
and positive at pH less than (iep). From Figure (8:
a, b), the particleisstableat pH 9 because  reached
to its largest value and it was larger than -30 mV.
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Figure 8(a, b) : Zeta potential in water as function of pH of (a) y-ALO,annealed at 900°C and (b) ¢-ALO, annealed
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Figure9: The dependence of theremoval percent of Pb*2
using a-ALO, and y-ALO, on the pH values. Conditions:
sorbent concentration 2mg/L, temperature 293K and
contact time 1h

Similar trend was for the dependence of  potential
on the pH values for both of y and a- Al,O, with
slightly increasein its value of a-AlQO, than that of
7-ALO, which indicates that the a-ALQO, is more
stablethany-ALQ,.

The pH vaue of the solution has a significant
impact on the uptake of heavy metals, sinceit deter-
mines the surface charge of the adsorbent and the
degree of ionization*¥. In order to establish the ef-
fect of pH on the adsorption of Pb*?, the atomic ab-
sorption measurementswere carried out for lead ni-
trate solution adjusted at pH ranged (2to 11) asdis-
cussed abovein the experimental part. Theremoval
efficiency was calculated according to Eq. (1). Itis
well known that!*, at higher pH values, the OH- on
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the surface of nanostructure alumina provides the
ability of binding cations. The decrease of pH pass-
ing by the neutralization of surface charge causes
the OH- to be displaced from the surface. A continu-
ousdecrease of pH creates asurface of nanoparticles
aluminawhich carries+ve chargesand thisisasuit-
able condition to adsorb aniong*™. Although, the data
in Figure (9) shows nearly equal removal percent at
pH 6 and 9, but the favorable experimental work is
considered at pH 6. Thisisdueto as pH of the solu-
tionincreased A 7, Pb started to precipitate out from
the solution and the removal percentage cal culation
isincreased as the resultant of the combination of
both adsorption and preci pitation effects*”. Accord-
ingly, pH 6 is the optimum value for Pb*" adsorp-
tion. A closer look to Figure (9) illustrates higher
removal percent of y-AL, O, than that of a-AL,O,, this
is back to y-AL O, characterized by smaller particle
sizeasclarified from TABLE 1, higher surface area
and higher pore volume as determined from BET
dataand reported in TABLE 2.

Figure (10. @) illustrated a comparison between
the contact time effect on theremoval efficiency of y
?aluminafor Pb?* ionsat pH 6 and 9. It isclear that,
the adsorption efficiency increased with contact time
anditsvauefor pH 9ishigher than that of pH 6. As
discussed above, thisis reveals that the removal of
Pb?" at pH 6 is only due to the alumina adsorption,
while at pH 9 there are two factors affecting on the
removal mechanism, the adsorption effect and the
chemical precipitation process'¥. Figure (10: b)
shows the effect of contact time on the removal of
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Figure 10(a, b) : The conditions. sorbent concentration 2mg/L and temperature 293K ; (a) Effect of contact time on
the removal per centage of Pb* at pH 6 and pH 9 using y-ALO; (b) Effect of contact time on the removal per centage

of Pb* at pH 6 using each of y-ALO, and a-ALO,

Pb*" ions from water at pH 6 using the two alumina
phases. It is noted that, the removal efficiency per-
centage, using y alumina, reached to about 91% af-
ter 1h

and up to 94.5% after 7h. Thiscan beinterpreted
asfollows, theremoval processoccursintwo steps,
at the beginning alumina has rapid uptake and then
followed by slower uptake. The rapid uptakeis as-
sociated with the external surface adsorption, and
when al the active sites are occupied, the equilib-
rium is reached and the rate of alumina uptake de-
creased. The results of thiswork clarified that, the
efficiency of the prepared y and o alumina
nanoparticle to remove Pb?* from water after 7h is
reached to (294.5% and 92%) respectively. These
results attained economic fruitful outcomes where
low cost was required for preparing nano y alumina
phase with highly removal efficiency.

CONCLUSION

1-ALO, and a-AL,O, phases have been synthe-
sized at low annealing temperature 650°C and 950°C
respectively viareverse microemulsion route using
Triton (X-100) as surfactant and Butanol as co-sur-
factant. Theremoval efficiency of lead 2mg/L from
water increased with contact time, its values at pH
6 after 7h reached to (x94.5%) and (92%) using 0.1g
of nanoparticles powder of y and a aluminarespec-
tively. These results backed to the smaller particle

size, highly roughness, larger surface area and po-
rosity volumeof y-ALO, than that of a-AlQO, phases.
Accordingly, y-ALQ, isrecommended to usein pu-
rification of water, while, a-ALO, is preferably
employed to support the desalination membrane.
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