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Abstract: The a- Al2O3Nps has successfully been synthesized by the green method using aluminum nitrate. nona hydrate
AI(NO3)3'9H20 , cinnamon extract in sodium hydroxide. The green synthesis is less expensive, produces less pollution,
and enhances environmental and human health safety, it is more advantageous than traditional chemical synthesis These
nanoparticles were identified by spectroscopy (Ft-IR) ,UV-vis spectroscopy , (X-Ray diffraction-(XRD) , (Scanning
Electron Microscopy- (SEM), (Transmission Electron Microscope- (TEM), (Energy Dispersive X-ray-(EDX), and ,
(Atomic Force Microscopy-(AFM) . Based on the obtained results, synthesized a- Al.OsNps was in a rhombohedral phase
with an average diameter (62.71 nm). The efficiency of the a- Al2O3Nps to various antimicrobial activities was examined
for resistance to the bacteria Escherichia coli, Staphylococcus aureus, and Candida albicans. using the diffusion method
of agar .The inhibition zone values indicate that nanoparticles effect on different bacteria .The efficiency results of the
synthesized a- Al2O3Nps as an adsorbent were tested by immersing a- A12O3Nps into a solution of divalent ions of (Cobalt,
Nickel, and Copper) the percentage of the removal of these ions were Co ™ 91.25 % , Ni D 84.42 % , Cu ™ 93.81.The
percentage of the metal ions removal was measured by using UV-visible spectroscopy.

INTRODUCTION

Recent research has shown that Both industry and biomedicine frequently use nanoparticles. Aluminum oxide
nanoparticles, also known as alumina nanoparticles, are an intriguing subset of the family of metal oxide nanoparticles.
They can be made using a variety of techniques, including sol-gel, precipitation, micro-emulsion, and hydrothermal
methods. [1]. In the latter half of the 20th century, aluminum oxide (alumina) was one of the most significant
engineering materials due to its special properties, which included chemical stability, a high melting point, and high
hardness [2]. it has been concluded that the Measurements of the mechanical, thermal, and density characteristics.
cause Increased Cu-coated Al,O3 nanoparticles to have a significant impact on composite samples. The microstructure,
hardness, compressive strength, and thermal expansion properties are all improved by the Al,Oj3 that has been coated
with Cu and is distributed well in the Al matrix. But the addition of Cu-coated Al,O3 has a worsened impact on
densification and ductility [3]. Moreover, a- Al,O3Nps also find extensive biomedical applications in biosensors [4],
biofiltration [5], and drug delivery [6]. There are many easy ways to synthesize (Al,O3;Nps ) such as: laser ablation,
hydro thermal, sol-gel, mechanical chemical [7-11] In addition to these methods, green chemistry can be used as an
environmentally friendly, less energy-consuming and highly efficient method, in which plant components are used in
parts Plants such as roots, stems, flowers and fruits, where these parts play a dual role in biological synthesis, including
its role as a stabilizer for Nb and as a natural reducing agent for the synthesis of Al,O3Nps in different sizes and

The 5th International Conference on Buildings, Construction, and Environmental Engineering
AIP Conf. Proc. 3219, 050006-1-050006-12; https://doi.org/10.1063/5.0236391
Published under an exclusive license by AIP Publishing. 978-0-7354-5074-5/$30.00

050006-1

6¥'€¥:91 20T Jequsdeqg 90



forms. In the year 2019, Suresh Ghotekar studied the plants used for the green synthesis of Al,OsNps with their
applications and diagnosis using appropriate techniques. [12]. Ravichandran. S . et al prepared A1,O;Nps by by using
a size of 200-400nm for biosynthesis using neem leaves ( Azadirachta indica) as a plant extract that has wide
applications in the field of immunotherapy, cancer treatment, and many diseases. It is also used in the field of
biomedicine such as drug delivery. [13]. Hakuta. Y. et al successfully prepared the rod-like of (a- A,O3Nps ) by using
boehmite nanoparticles and using supercritical water conditions for hydrothermal phase transformation g. [ 8]. Ismail
.R etal, [ 14 ] synthesized Al,O3Nps and showed the co-existence of the a- Al,O3 and y -Al,O3 phases by laser
ablation of an aluminum target in ethanol. Narayanan.V.M and, Rakesh .S . G [15 ], synthesized alumina Nps using
aluminum nitrate and lemon extract with an average size of 460 nm. Manyasree. D. et al [ 16 ] using Sodium hydroxide
and aluminum sulphate with a crystal size of 35 nm to prepare the alumina nanoparticles. The biological activity was
also evaluated by antimicrobial testing using Escherichia coli, which showed at (50 mg/ml) concentration the highest
inhibition zone, which is 39 mm from Al,O3Nps. At low concentrations (1pg/ml), the o - ALO3Nps demonstrated
significant toxicity toward a dominant microbial species (Bacillus licheniformis). [ 17,18 ]. Sathiya Narayanan N et,
al [ 19 ] examine how the texture of the cemented carbide tool affects the main cutting force, thrust force, and
coefficient of friction when cutting austenitic stainless steel 304. Both nanoparticles and non-nanoparticles are filled
in the texture gaps. In comparison to a conventional and textured tool, the combined effect of surface texturing and
lubrication with Al,O3; nanoparticles improved the performance of the cutting tool. Tok. A 1.Y, et al [20] have
revealed a low-cost flame spray pyrolysis technique to create agglomerated free nano -sized Al,O; with a size of (5-
30nm) .The aim of the work is used of facile green method to synthesis of a- Al,O3Nps by using aluminum nitrate.
nonahydrate , sodium hydroxide with plant extract ( Cinnamon ) , which is distinguished by various methods to support
the product a-Al,O3Nps and investigated their antibacterial activity of (Staphylococcus aureus , Escherichia coli and
Candida albicans -fungal) to give a good efficiency of a- AlO3;Nps as adsorbent for divalent metal ions ( Cobalt
Nickel and Copper). So the targets of green manufacturing is limit the amount of pollutants they produce or release
during operation. reduce emissions of greenhouse gases. Eliminate or drastically cut down on the production of waste.
Gather, repurpose, recycle, or compost waste.

MATERIALS AND METHODS

Cinnamon was procured from a local market and source. (Al (NO3);. 9 H,O) (Germany / Merck), NaOH from
(India / Alpha chemical ) , Absolute ethanol (RBL-Spain ),( CoSO4 Cobalt sulfate , CuSO4. SH,O Copper sulfate.
pentahydrate CuSO,4. SH>O and Nickel sulfate. Heptad hydrate NiSO4 .7 H,0,) (Merck — Germany) and deionized
distilled water. All chemicals are employed without additional purification. Cinnamon was taken from Baghdad
locally market (they usually collected as shown in Fig. 1).

(©)

FIGURE 1. a) Cinnamon tree, b) Cinnamon plant bark, (c) Cinnamon powder.
Preparation of Plant Extract

Making fresh cinnamon extract is the first step. To get rid of any impurities, the cinnamon is rinsed by deionized
water then dried at laboratory temperature. After thoroughly mixing, a 500 mL beaker containing 200 mL of deionized
water and cinnamon was heated at 70 °C for 30 minutes and then the plant solution extracted was allowed to cool to
room temperature, it turned from colorless to light brown. The filter paper type Whatman No: 1 was used to filter the
mixture. In a 1.5 ml tube, the centrifuged was used to separate the resulting solution for (15 min) at (4000 rpm). A
stock solution containing cinnamon extract was obtained.
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Synthesis and Characterization of a- AlO3Nps

Al (NO3)3 9H,0 weight (3.75g) was dissolved in 30 ml of deionized water, followed by the addition of 100 ml of
cinnamon extract as a dispersant, stirring, and heating at a temperature of 70 C°. After that, a solution of sodium
hydroxide (1M) was gradually added to the mixture drop by drop until the PH = 12. The resulting was allowed to
precipitate for (48 hr), forming a brown precipitate that was spun apart using a centrifuge, washed with (deionized
water, hot ethanol), and dried for (10hr) in an electric oven at 300 C°, resulting in a white powder of o -Al,O3 Nps.
The method used to create a -AlO3Nps powder. The synthesis procedure of a- Al,O3sNps powder using an aqueous
extract of Cinnamon is illustrated in Fig. 2.

‘ — |
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FIGURE 2. The preparation steps of a- ALO3;NPs powder using Cinnamon extract.
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Various approaches were used to identify a-Al,O3;NPs. as follows: Electronic Balance , (A 220 /C / 1 model), PLC
Centrifuge ( 4000 — 4500 rpm ), (FAITHFUL) Electric oven, water bath with shaking (SCL F),Tape of pH, the
spectrum of (160/UV) Shimadzu spectroscop. The studies of Ft-IR have been recorded by using (8500S) type
Shimadzu in the range (400 —4000cm-1) from Baghdad University, and (XRD) (Holland/ Phillips ) in the laboratories
center of Baghdad. (SEM) Scanning Electron Microscope type (300 Hv/ Germany-Z. S), (EDX), (TEM) type ( 100Kv
/ Germany), at (Kashan University / Iran). Atomic Force Microscopy (AFM), type (Nano surf AG . Liestal),
Switzerland was carried out at the University of Baghdad / College of Science. Disc diffusion technique in a nutrient
medium (jellose medium). The a-AlLOsNps was tested for its antimicrobial properties against two reference
Staphylococcus bacterial strains using Mueller Hinton agar., and (G-) Escherichia coli and (G+) aureus as well as
Candida albicans fungal, and the same procedure for antifungal activity using potato dextrose as a nutrient medium
(agar). Adsorption measurements were carried out by using (UV-vis) spectrum type (160/UV) Shimadzu
spectroscopy.

Antibacterial Method

(Gram-negative(-ev) and gram-positive (+ev) bacteria), specifically (Escherichia coli, and Staphylococcus aureus
as well as the fungus Candida albicans), are the pathogenic bacterial strains in this study. 0-Al,O; antibacterial activity
was evaluated using the agar well diffusion method. LB agar (luria Bertani agar) was seeded with 24-hour incubated
cultures of the respective clinical isolates and the individual bacterial strains were spread separately on the agar
medium. Nutrient media was then poured into sterilized petri dishes. Each petri plate has a well of 6 mm diameter that
is made using a sterile cork borer in an aseptic environment. Candida albicans fungal, was carried out by the technique
of disc diffusion in a (jellose- medium) nutrient medium of the (MHA: Mueller Hinton agar) variety, as well as the
same technique for antifungal activity PDA for potato dextrose. The biological activity of the nanoparticles is
evaluated using various concentrations (i.e., 2mg/ml, Img/ml, 0.5mg/ml, and 0.25mg/ml). Using sterile micropipettes,
the nanoparticles are mixed with sterile water before being added to wells. After that, plates were incubated for (36hr
at 37 C%. Each well's zone of inhibition was measured after the incubation period, and the results were recorded.
Values were calculated in millimeters (mm) for the ultimate antibacterial activity.
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Adsorption Method

This study was carried out by using a- Al,O3Nps as adsorbent with a selected divalent metal ions (Cobalt, Nickel
and Copper) with about Sppm of solution concentration, which were made by proper dilution of stock solution and
was agitated for half an hour with pH =6. The effect of the divalent ions of (Cobalt , Nickel and Copper ) was studied
by different concentrations from 1 to 10 mg /L and 0.5 gm. of adsorbent, at contact time from 1- 30 min. There was
an increase in the adsorption and then it was almost stable, after that there was a decrease in the percentage of bio
absorption.

RESULTS AND DISCUSSIONS

An aqueous extract of Cinnamon was used with AI(NO3)3 .9 H,O. The changing color solutions are shown in
(See Fig. 3a) from pale brown to brown in (See Fig. 3b), and after that to dark brown in (See Fig. 3¢), and also a
white powder of a- ALLO3Nps in (See Fig. 3d).

(a) (b) () (d)
FIGURE 3. Color change of solutions of Al (NO3)3 .9 H2O and bio —redactor of Cinnamon extract, a) pale brown, b)
brown, ¢) dark brown, and d) a- A1203 Nps powder.

From the FT-IR spectrum of a- Al;O3;Nps showed, O-H bands and C-H bond vibration are responsible for the weak
broadband at 3468 cm™! and 2300cm™'. Bands at 574cm'and 447c¢m -, which referred to the A1-OH group's bending
vibration (Al-O). Additionally, the 624 cm-1 peak represented the Al - O band's stretching vibration. [21][22].
Crystallization of alumina also showed a band at 732 cm™' due to the stretching frequency of Al-O-Al for octahedral
coordinated aluminum [23], as shown in Fig. 4.

3/14/2022 9:59:38 AM
AlAL BPC — Analysis Center
9 AR —

m__w

F74576—
3468.01—
416 62—

4474957

5@.21—\_

|||||||||||||||| [T T T T [T T T T [T T T T [T T T T [T T T T [T T T T[T T T T[T T T T [TTTT
4 3 3 2 2400 2000 Iéﬂﬂ ldOD 1400 1%00 1000 850 ﬂSD

em-1

FIGURE 4. Ft— IR spectrum of a- A2O3Nps powder
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The electronic spectrum showed an absorption peak for a- Al O3Nps at (A max= 252 nm) of UV region. Estimates
of the optical energy band gap (Eg) were made by 1239.83 /252 =4.91ev as shown in Fig. 5. [ 24].
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FIGURE 5. UV — vis absorption spectrum of a- Al2O3Nps powder

XRD for the phase formation and crystallite size. As shown in the XRD pattern (Fig. 6), diffraction peaks can be
indexed associated with 20: 27.74°, 32.44°, 46.78°, 54.08° and, 68.41° (300) with index Miller of (012), (104), (202),
(024) and (300) respectively.

(104)

(012)

Counts

(202)

(024)
(300}

| ki T i
i | 1 T T | T
70 80 a0 100 110 120 130 140 150 1680

2 Theta(degree)
FIGURE 6. XRD of a- A2O3Nps powder.

0 T T Fewry |lll
0 40 S0 a0

The crystallite size is determined using Debye-Scherer's method d = K A / 8 cos 6 [24][7], d: represented, the
average crystalline dimension perpendicular to the reflective phases, (A : wavelength of x-ray) , and (K : Scherer's
constant) (0.92), to calculate the full width at half maximum (FWHM) (B) of the diffraction peaks. When instrumental
broadening is excluded, a Bragg reflection’s, (FWHM: full width at half maximum) where (0 is the Bragg's angle).
The products' calculated average crystallite size was discovered in the range (62.71 nm). The sample's rhombohedral
structure is revealed by the obtained diffraction to be crystalline, matching reference pattern JCPDS files: 10 — 0173
and 50- 0173 as shown in Table 1. [25].

TABLE 1. XRD analysis results of a-Al2O3NPs powder.
2-Theta hKl FWHM XS (nm) Average of Crystallite Size

(nm)
27.749 012 0.638 13.49
32.443 104 0.492 17.57
46.781 202 1.067 8.48 13.266 nm
54.081 024 0.618 15.08
68.418 300 0.857 11.71
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Morphological study of SEM and TEM showed, Fig. 7 (a and b) that the size and the morphology of synthesized
(a-- A1,O3 Nps) was shaped like a plate, it was non-spherical shape and had a uniform size and distribution, with a
particle size (51.95 — 73.27 nm ) .The average particle size is (62.71 nm ). [ 26][27].

(a) (b)
FIGURE 7. (a) SEM, and (b) TEM image of a- Al2O3Nps powder

The EDX results for a- ALO3Nps. Fig 8. showed that Al and O's existence is abundantly clear. There were no
observable impurities in the alumina, which indicated it was chemically pure [28].

2000 AlKa
2500
O Ka

:.‘:D:\—-
1500
o]
200

x

] ¥ SnLp

] SnLa; KeV

Epress ' 4 i ' ! ' ! ' 10%00

FIGURE 8. EDX results for a- Al2O3Nps powder.

AFM technique is used to examine the size, shape, sorption, and structure of nanomaterials as well as their
dispersion and aggregation., Fig. 9, 10 and Table 2. showed particle analysis — threshold detection and information
with individual results and global statistics of a — AlO3NPs powder and Fig 11. showed AFM histogram and
statistical particle analysis of a — Al,O3NPs powder. length, height and width particle analysis are shown in Fig. 12
and 13. Other particle analysis and topography parameters are shown in Fig 14 — 16 [29- 31].

nm Particle analysis nm
0
150
-5000
- 100
-10000
S0

-15000 4

0 5000 10000 15000 nm
FIGURE 9. AFM particle analysis and threshold detection of a — Al2O3NPs powder.
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TABLE 2. AFM information and individual results with global statistics of a — Al,O3;NPs powder.
Information

Threshold 1 50589 %
Number of particles 518
Coverage 4.527 %
Densi 1806152 Particles/mm?
Parameters Projected Area Projected Area Mean diameter Z-maxim
Unit nm’? nm nm
Particle #1 Small 4411 37.79 109.2
Particle #2 Small 4411 37.79 109.3
Particle #3 Small 4411 37.79 109.3
Particle #4 Small 4411 37.79 109.3
Particle #5 Small 4411 37.79 109.3
Particle #6 Small 4411 37.79 109.3
Global statistics
Mean HAA AR 25261 97.61 114.7
Min HA AR 1240 24.61 109.2
Max HAAAK 758619 927.7 179.5

MountainsSPIP ® Academic 9.2.9994

100

Histogram

FIGURE 10. AFM image of particle threshold of a — A12O3NPs powder

Histogram
200
Projected Area
O small
150 O Medium
W Large
100
50
P
LI S R o
130 140 150 150 170 180 nm

Z-maximum

FIGURE 11. AFM histogram and statistical particle analysis of « — Al2O3NPs powder.
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FIGURE 12. AFM curve of particle analysis length of a — Al2O3NPs powder.
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FIGURE 13. AFM height and width calculations parameters of o« — Al2O3NPs powder.
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Sq 3.255 nm | Root mean square height Sq 6.891 nm | Root mean square height
Ssk | 0.6125 Skewness Ssk | 0.5325 Skewness
Sku | 28.11 Kurtosis Sku | 17.85 Kurtosis
Sp 39.37 nm | Maximum peak height Sp 79.48 nm | Maximum peak height
Sv 31.04 nm | Maximum pit height Sv 84.38 nm | Maximum pit height
Sz 70.42 nm | Maximum height Sz 163.9 nm | Maximum height
Sa 1.465 nm | arithmetical mean height Sa 3.784 nm | arithmetical mean height
Functional parameters Functional parameters
Smr | 100.0 % | Areal material ratio Smr | 100.0 % | Areal material ratio
Sme | 1.792 nm | Inverse areal material Sme | 5.467 nm | Inverse areal material ratio
ratio
Sde | 3.614 nm | Material ratio higher Sde | 10.69 nm | Material ratio higher
difference difference
Hybrid parameters Hybrid parameters
Sdq | 0.01821 Root mean square gradient Sdq | 0.0958 Root mean square gradient
Sdr | 0.01654 | % | Developed interfacial area Sdr | 0.4498 % | Developed interfacial area
ratio ratio
() (b)
FIGURE 15. AFM images: [(a) Roughness (S-L), (b) Primary surface] and their topography parameters of o — Al2O3NPs

powder.

Z-Axis — Scan forward Line ft = Z-Axis — Scan forward Line ft

55.5n
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FIGURE 16. 3D surface structure of o — AL2O3NPs powder using AFM.
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ANTIBACTERIAL STUDY

Using the approach of agar well diffusion, the antibacterial effectiveness for a- ALOs;Nps was assessed against
Escherichia coli, staphylococcus auras, and Candida albicans fungal. The outcomes show that the HCI dilution
negative control, and did not exhibit an inhibition zone, indicating that control in its natural state, devoid of
nanoparticles, exhibited no antibacterial activity .When the leading of a- Al,O3Nps were (2, 1, 0.5,and 0.25mg/ml),
it was found that at all these concentrations , the nanoparticles a- ALL,O; caused a growth delay of all bacteria and
Candida albicans fungal .Table 3 It showed higher antibacterial activity occurring with a decrease the concentration
from ( 2 to 0.25mg/ml) , while the lower in Candida albicans activity was occurring with a decrease of concentration
from (2 to 0.25mg/ml) . [ 32][33].

TABLE 3. The diameter inhibition zone in (mm) units for sample
(A1-A4) a- A2O3Nps in different concentrations

2mg'ml Img'ml 05mg'ml | 0.25mg'm
Inhibition area diameter in (mm) for sample (A) o-
ALO:Nps
E.coli 17mm 19mm 22mm 24mm
S.a 22mm 25mm 2Tmm 29mm
25mm 2Imm 20mm 18mm

ADSORPTION STUDY

According to the results of using o- AlLO3Nps as a good removal of various divalent metal ions of (Cobalt, Nickel,
and Copper) from a solution of distilled water (See Fig.17).The percentage of the removed ions decreased for a-
AlL,OsNps from (93.88, 85. 67 and 95.90) respectively after (10 min) to (91.25, 84.42 ,and 93.81), indicating the
number of active sites available on a- AlL,OsNps. During the first 80 minutes of the adsorption process, the sites on
a-AlL,OsNps, the adsorbent gradually became saturated [34][35]. The removal efficiencies of the divalent metal ions
of (Cobalt, Nickel, and Copper) were higher as a result of this process, as shown (92.69 %, 84.73%, and 94.97%a)
respectively.

120.00

100.00 -

80.00 —/

£ 6000 == Co(ll)
/ —&=Nill)
4000 |
/ cull)
20.00
/
0.00
0 20 40 60 80 100

t/min

FIGURE 17. Demonstrate the effectiveness of divalent ions of (Ni, Co, and Cu) removal by.
CONCLUSION

a- AbLO;3;Nps were synthesized by the green method using an aqueous extract of cinnamon.
(574 cm! and 447 cm™") bands on the Ft-IR spectrum were related to the Al-O bending vibration of the Al-OH groups.
the peak at 732cm™ for octahedral coordinated aluminum's Al-O-Al stretching frequency. The XRD and the
morphology study by SEM & TEM showed that the Rhombohedral structure in the sample's crystal structure was
consistent with reference patterns in JCPDS files.: 10 — 0173 and 50- 0173. The a-Al:O3;Nps morphology had a non-
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spherical shape, or a plate-like appearance, and had a uniform size and distribution, with particle size (51.95 — 73.47
nm). AFM showed particle analysis — threshold detection and the topography parameter. The estimates of the optical
energy band gap (Eg) were made by U.V—vis spectroscopy which is about 1239.83 / 252 = 4.91ev. Al and O were
clearly detected by EDX. Alumina was discovered to be chemically pure. a- ALO3Nps antibacterial ability was
assessed against :(Escherichia coli, staphylococcus auras and Candida albicans fungal), when the leading of
a- ALLO3;Nps were (2,1, 0.5, and 0.25 mg/ml), it was found that at all these concentrations, the nanoparticles a- Al,O;
caused a growth delay of all bacteria and Candida albicans fungal . The o- AlLO3;Np has shown excellent adsorbent
for Tons Co™2, Ni*2and Cu*? so a- ALLO3Np absorbs quickly of Co*?, Ni*2, and Cu*? indicating the presence of active
sites and over time, these websites became saturated. So, the creation of simple processes for the synthesis of non-
toxic, non-corrosive, eco-friendly nanoparticles using various natural extracts has drawn a lot of attention. The
variables that affect the synthesis of nanoparticles and the most appropriate characterization techniques have a
significant impact on the quantity and quality of various green nanoparticles. The important and reducing agent in the
creation of green nanoparticles and in biological activity and adsorbent is natural extracts.
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