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y-Al;03—NPs were synthesized by a green synthesis process based on Boswellia carterii resin extract and
aluminum sulphate in an alkaline medium. Boswellia carterii resin extract is a significant reducing and stabilizing
agent for synthesizing y-Al,O3—NPs.Several techniques, including Fourier—transform infrared (FT-IR), UV-visible
spectroscopy, x-ray diffraction, electron microscopy (XRD), energy dispersive x-ray (EDX), scanning electron
microscopy (SEM), Transmission electron microscopy (TEM), and atomic force microscopy (AFM), were utilized
to investigate the final product. XRD and SEM confirmed a plate-like crystalline structure with an average size of
17.5 nm. FT-IR analysis identified aluminum oxide stretching vibrations (655, 451) cm’l, U.V.-visible spec-
troscopy exhibits an absorption band at 252 nm, and the energy gap, Eg, of 4.91 eV. EDX confirmed the presence
of Al, and O TEM and AFM showed agglomerated spherical plates. Antimicrobial assay revealed the highest
inhibition at 0.25mg/mL with a decrease in concentration from 2mg/mL to 0.25mg/mL for Staphylococcus
aureus, Escherichia coli, and Candida albicans fungi. Adsorption studies by U.V-visible spectroscopy demonstrated

high metal ion (II) removal efficiencies: Co (89.18 %), Ni (87.33 %), and Cu (90.42 %).

1. Introduction

Enhancing the environmentally friendly and sustainable pathways
for producing nanoparticles (NPs) is an essential component of green
nanotechnology [1]. Successful methods have been used in green
chemistry for the synthesis of aluminum oxide nanoparticles, so these
methods are effective in terms of reducing environmental pollution.
Hazardous, costly, time-consuming, and hazardous to both people and
the environment [2-7].

Green synthesis methods present a feasible option through which
biobased materials, like microorganisms, plants, and agricultural waste,
can serve as environmentally benign sources for nanoparticle synthesis
[8,9].

Nano- Aluminum oxide (N-AlO) has desirable properties: chemical
stability, high melting temperature, strong electrical insulation, low
thermal conductivity, superior corrosion resistance, high strength to
density ratio, and light weight [10]. Al,03 NPs, employed in many fields
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such as ceramics and the textile industries [11,12] .

Recently, there has been an interest in preparing Al,Os Nps and
selecting them as suitable for antibacterial inhibition, and capacity for
removing metal ions from aqueous solution by adsorption media. This
study thoroughly evaluated the primary techniques for the synthesis and
functionalization of nanoparticles, clarified the fundamental mecha-
nisms that drive their antibacterial properties against both Gram-
negative and Gram-positive bacteria, and analyzed the impact of
morphological variations on their antibacterial efficacy [13].

Nano-structured y-Al;O3NPs synthesized by the Arc Discharge
method showed potent antibacterial activity against drug-resistant
Acinetobacter baumanii, with an inhibition zone diameter of 19 mm
[14]. Musa F.H.et al. prepared y-Al;O3NPs by using aqueous clove
extract. The size range of nanoparticles was (28- 37) nm. Antimicrobial
activity showed inhibition activity of y-Al,O3NPs against Escherichia coli
negative (G"), Staphylococcus aureus, positive (G ™), and Candida albicans
fungal with concentration (2-0.25) mg / mL in the range (31- 15) mm.
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v-Al,O3NPs used as absorbent on binary metal ions: Co, Ni, Cu, by
removing them from water with efficient absorbance. 93.22 %, 87.49 %,
and 93.17 % respectively [15].

Another study, y-Al,O3NPs were prepared using aqueous cinnamon
extract with a particle size of 62.71 nm. The efficiency of the Al,O3NPs
was examined for resistance to the bacteria E. coli, Staphylococcus aureus,
and Candida albicans with a concentration of 2-0.25 mg/mL. The effi-
cient inhibition (17 — 27) mm. Al,O3NPs used as an adsorbent to remove
binary metal cations, Ni, Co, Cu, from aqueous solution. The percentage
of these ions that were removed was 84.42 %, 91.25 % and 93.81 %
respectively [16]. The study aims to prepare y-Al;OsNPs by using
aqueous extract of Boswellia Carterii — Resin, for the potential applica-
tion as antibacterial activity and good removal of ions from aqueous
solution based on a low—cost, simple, and reliable method.

2. Experimental section
2.1. Materials

The chemicals used in this study are aluminum sulphate, Al(SO4)3
(Germany/Merck), NaOH from (India/ Alpha chemicals), Absolute
ethanol (RBL/Spain), cobalt (II) sulphate, CoSO4, copper (II) sulphate
pentahydrate, CuSO4-5H20, and nickel (II) sulphate heptahydrate,
NiSO4-7H20. Boswellia Carterii resin was taken from the local Baghdad
market, where it is collected.

2.2. Instrumentation

Electronic Balance (A220/C/1 model), PLC Centrifuge (4000-4500
rpm), (FAITHFUL) Electric oven, water bath with shaking (SCL F), Tape
of pH, spectrum of (160/UV) Shimadzu spectroscopy. The studies of
FTIR have been recorded by using (8500S) type Shimadzu in the range
(400-4000cm™) from Baghdad University, and (XRD) (Holland/Phil-
lips) in the laboratory center of Baghdad. (SEM) type (300 Hv/Germany-
Z.S), (EDX), (TEM) type (100Kv / Germany), at (Kashan University
/Iran). A (AFM), type (Nano surf AG. Liestal), Switzerland, was con-
ducted at the College of Science /University of Baghdad. The Synthetic
v-Al,O3NPs were tested against two reference bacteria, Staphylococcus
aureus (G"), E. coli (G'), and the fungal Candida albicans, by diffusion
method and nutrient medium, type Mueller Hinton agar (MHA), and
Potato Dextrose Agar (PDA).

2.3. Preparation of the plant extract

In the biosynthesis process, initially, to prepare the extract, 20 g of
Boswellia carterii (male frankincense) resin is taken from the bark of the
tree, washed well with water to get rid of any contaminants, and then
left to dry at the lab temperature. After that, a 500 mL beaker is filled
with the pulverized plant resin, then 200 mL of deionized water is added
to it, and mixed well through continuous stirring for 30 min to obtain a
milky-colored extract solution, then left to cool at room temperature and
then filtered using Whatman filter paper (No.1). After that, the resulting
solution is separated by using a centrifuge at 4000 rpm for a quarter of
an hour. After that, the product containing the extract solution of Bos-
wellia resin is collected in a round flask.

2.4. Synthesis and characterization of y-Al;03—NPs

In 30 mL of deionized water, 3.75 g of Al2(SO4)s was dissolved, fol-
lowed by the addition of 100 mL of Boswellia carterii resin extract under
continuous stirring. As the temperature decreased, a 1 M NaOH solution
was gradually added while monitoring the color change of the mixture
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Fig. 1. The preparation steps of y-Al;03—NPs powder using Boswellia carterii
resin extract.

Fig. 2. Colour change of solutions of Al5(SO4)3 and bio-redactor of Boswellia
carterii resin extract (a) dark Peggy, (b) Milky, (c) Pale Peggy, and (d)
y-Al,O3—NPs powder.

until the pH reached 12.0. The product was then allowed to stand for 48
h to precipitate, forming a creamy precipitate, which was separated by
centrifugation and dried in an electric oven at 300 °C for 10 h. This
process yielded a white powder of y-Al-Os nanoparticles. The synthesis
procedure of alumina nanoparticle powder using the aqueous extract of
Boswellia carterii resin is illustrated in Fig. 1.

2.5. Antimicrobial method

In this work, the pathogenic bacterial strains are E. coli (G-) bacteria,
Staphylococcus aureus (G1) bacteria, and Candida albicans. The diffusion
approach was used for evaluating y-Al,O3NPs’ antibacterial activity.
y-Al0s3. Petri dishes were sterilized and used in addition to Luria Broth
Agar (LBA), where individual bacterial isolates were grown in an incu-
bator for 24 h and spread separately on an agar medium. A cork was
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Fig. 4. UV-vis absorption spectrum of y-Al,O3—NPs powder.

drilled to create a well with a diameter of 6 mm, making sure that it was
under sterile conditions.

The propagation method was used on fungi of type Candida albicans
in the presence of a tablet with a nutrient medium of type (MHA), and its
antifungal activity was assessed using the same technique. Potato was
used as a mediator for nutrients agar of type (PDA) dextrose with
different concentrations of y-Al,O3—NPs, which are 0.25mg/mL, 0.5mg/
mL, 1 mg/mL, and 2 mg/mL.

In this case, sterile water is used to disperse y-AloO3—NPs, and fine
sterile pipettes are added to the wells. The plates were incubated at 37 °C
for 36 hr., and then the inhibition zone values for each well were
recorded. The values were noted, and then, for the ultimate antibacterial
activity, these values were computed in mm.

2.6. Adsorption method

While applying this method, I used a variable ionic metal solution
with a concentration of 0.00005 g/mL prepared by optimal dilution of
stock solution with stirring for 30 min at pH= 6, and in the end, it was
filtered and then filtrated, after which the effect of changing the con-
centration of metal ions cobalt, nickel, and copper from 1-10 mg/L with
0.5 g of adsorbents was studied at the contact time, which is 30 min.

3. Results and discussion

An aqueous extract of Boswellia carterii resin was used with
Al(SO4)3. The changing colour solutions are shown in (Fig. 2a) from
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Fig. 5. XRD pattern of y-Al,03—NPs powder.

dark Peggy to Milky in (Fig. 2b), and after that to Pale Peggy in (Fig. 2c),
and also a white powder of y-A1203-NPs as shown in (Fig. 2d).

3.1. FT-IR spectroscopic study

FT-IR spectrum of the Al;O3NPs is shown in Fig. 3, with a very weak
broadband exhibited at 3400 cm™ due to O—H bands and band vibra-
tion of C—H bond located at 2300 cm™. Bands in the range 566 cm™! to
451 cm™, attributed to the Al-O of bending vibration for Al-OH groups
[16,17].
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Table 1
XRD analysis results of y-Al,03—NPs.

2-Theta hkI FWHM Xs(nm) Average Crystallite Size (nm)
33.395 200 0.412 20.58 17.5

36.501 311 0.57 15.33

39.89 222 0.58 15.23

44.161 400 0.407 22.01

56.505 511 0.473 19.92

63.937 440 0.82 11.93

The Al-O stretching vibration was represented by the band at 655 cm”
1 [18]. The peak at 771cm-1, which is due to the Al-O-Al stretching
frequency for octahedral coordinated aluminum, also showed alumina
crystallization [19].

3.2. Studies and evaluation of (UV-vis) spectroscopic and band gap
energy

The electronic spectrum of Al,O3—NPs displayed a peak at Aypax =
252 nm in the UV region Fig. 4 [16]. The equation calculated the energy
band gap (Eg): Eg (eV) = 1239.83 / A (nm), where A is wavelength, Eg is
the energy gap, Eg =1239.83/252 = 4.91 eV [20,21].

3.3. XRD analysis

For the phase formation and crystallite size, as shown in paragraph
Fig. 5, diffraction peaks can be associated with 26: 33.39°, 36.50,
39.89, 44.16, 56.50°, and 63.93", with index Miller of (200), (311),
(222), (400), (511), and (440) respectively.

The reflection and broadening indicate the nano crystals’ inherent
nature. The calculated crystalline size was from (FWHM). Diffraction
peaks and () were used from the method of Debye — Scherer, using the
simple equation of d = K\ /Bcos 6, where d refers to the average crys-
talline dimension perpendicular to the reflective phases, f is the full
width at half maximum (FWHM), K is Scherer’s constant 0.92, J is the x-
ray wavelength, 0 is the Bragg’s angle [22,23]. The Bragg reflection
intensity without the use of an instrument for broadening, and the
average crystallite size of the products was determined to be 17.5 nm.
The obtained diffraction exhibited the nature of the crystalline sample
with the pure rhombohedral structure phase of y-Al,OsNPs matched
with reference pattern JCPDS card No: 00-029-0063, as shown in
Table 1 [24]. The calculation of crystallinity index is by using Eq. (1)
below:

D, (TEM)

lev = D, (XRD) W

Where I .y is the crystallinity index; D, is the particle size (TEM), and
Dey is the particle size (Scherrer equation). The I.;y index was higher
than 1.0, illustrating that y-Al,O3NPs were polycrystalline [14].

/4
D1 =50.07 nm

DS = 26.23 nm

D3 =46.71 nm

D4 =18.68 nm
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3.4. Morphological analysis
The SEM and TEM images (Fig. 6A and 6B) showed that the
morphology and size of the synthesized Al;Os—NPs are irregularly
spherical and uniform in size with a plate-like distribution. The average
particle size is 17.5 nm [25,26].
3.5. EDX analysis

The EDX results for Al,O3-NPs, Fig. 7, showed no impurities,
revealing the presence of aluminum and oxygen. This proves that
alumina is chemically pure [27].

AKa

Element | Wt% | A%

Al 48.50 | 35.83

2000 o 51.50 | 64.17

Total 100

A AuLl AuL o keV
! ' ' 1000
Fig. 7. EDX of y-Al,03—NPs powder.
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Fig. 8. AFM particle analysis and threshold detection of y-Al;O3NPs powder.

Fig. 6. (A) SEM and (B) TEM images of y-Al,O3—NPs powder.
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Fig. 9. AFM image of particle threshold of y-Al,O3—NPs powder.

Table 2
AFM information and individual results with global statistics of y-Al,O3—NPs
powder.

Individual Results

Particle Projected Area Projected area Mean Z-maximum
(nm?) diameter (nm) (nm)
Particle Large 26,881 93.29 105
#1
Particle Large 26,881 93.29 105
#2
Particle Large 26,881 93.29 105
#3
Particle Large 26,881 93.29 105
#4
Particle Large 26,881 93.29 105
#5
Particle Large 26,881 93.29 105
#6
Global Statistics
Metric Projected area Mean diameter (nm) Z-maximum
(nm?) (nm)
Mean 64,247 134.9 111.2
Min 7560 60.75 105
Max 7948,858 3073 223.5
Information
Parameter Value
Threshold 1 105.0 nm
Number of particles 2134
Histogram
800 T
Projected Area
= small
[ Medium
§ B Large
[
s
3
5
=4
R T T T T
120 140 160 180 200 220 nm
Z-maximum
Fig. 10. AFM histogram and statistical particle analysis of

y-Al,03—NPs powder.
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3.6. AFM analysis

This AFM technique was used to investigate the aggregation and
dispersion of nanomaterials, in addition to their shape, size, structure,
and sorption (Figs. 8 and 9), and Table 2 showed particle analysis—
threshold detection and the information with individual results and
global statistics of y-Al;03—NPs powder [28,29].

The AFM histogram and statistical particle analysis of y-Al;O3—NPs
are shown in Fig. 10 [15] .Length, width, height particle analysis are
shown in Figs. 11 and 12, and the topography parameters of other
particle analysis are shown in Figs. 13a, 13b, 14a, 14b, and 15 [30,31].

3.7. Antimicrobial study

The antibacterial inhibition of Al,O3NPs was previously tested
against several pathogens [14,32-35].

The antibacterial properties of y-Al;OsNPs in diluted HCl were
evaluated against E. coli, Staphylococcus aureus, and Candida albicans
fungi using the diffusion method. Through these obtained results, it was
found that HCI dilution did not show any inhibition zone, according to
the antibacterial negative and positive anti.

The results are presented in Table 3, showing a higher antibacterial
activity occurring with a decrease in concentration from 2 mg/mlL, 1
mg/mL, 0.5 mg/mL, and 0.25 mg/mL, and also an increase in the
Candida albicans activity occurring with decreasing concentration from
2 mg/mL to 0.25 mg/mL [36].

The main mechanism suggested that the electrostatic interaction of
Al,O3NPs with the bacterial outer membrane/cell wall and formation of
Al can enable the bacteriostatic effect of these nanoparticles, and that
will initiate a reactive oxygen species (ROS) increment and oxidize the
cell wall [13].

The WHO’s 2024 Bacterial Priority Pathogens List highlights critical
and high-priority antibiotic-resistant bacteria to guide research and
public health interventions effectively. Scientific studies have demon-
strated their significant antibacterial properties against various bacterial
strains, including multidrug-resistant clinical isolates. Aluminum oxide
nanoparticles exhibit bacteriostatic and bactericidal effects, largely
through mechanisms such as electrostatic interaction with bacterial
membranes and induction of oxidative stress via reactive oxygen species
(ROS) generation. Their effectiveness has been shown against both
Gram-negative and Gram-positive bacteria, with inhibitory concentra-
tions varying by strain but generally demonstrated at concentrations of
1000 pg/mL or higher [37].

3.8. Adsorption study

Several analytical methods have been developed to remove trace
amounts of heavy metal ions from industrial wastewater, such as
adsorption, chemical precipitation, , ion flotation, and electrochemical
ion exchange, and these approaches can effectively remove heavy metals
from water [38].

Most of the time, these methods are complex and cost a lot. Alter-
native methods, using adsorbents, like resin, nanometal oxide, have
been studied to remove Cd (II) from outlet water [39,40].

Dodonaea angustifolia extract-assisted green synthesis of CuyO /
Al;03 nanocomposite for the adsorption of Cd (II) from water achieved
by Girma M. W et al.

The Cup0/Al,03 nanocomposite adsorbed rapidly, and after 60 min,
it attained adsorption equilibrium, removing 97.36 % of Cd (II) from the
water. In connection with our previous research [9].

y-Al;03—NPs were obtained by using aqueous extract of Boswellia
carterii resin, used as an adsorbent for metal cations from aqueous so-
lution. considering Fig. 16, the data clarified the rate of adsorption of
metal bivalent cations. Co, Ni, and Cu from aqueous solution were 89.42
%, 90.90 %, and 86.92 % respectively. The results indicate that the
effectiveness of metal ion removal increased with 10 min.
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Fig. 12. AFM height and width calculations parameters of y-Al,O3—NPs powder.
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Fig. 15. 3D AFM images of y-Al;03—NPs powder.
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Table 3
The diameter inhibition zone in (mm) units for samples (C;—C4) y-Al,O3—NPs
powder.

Microorganism 2 mg/mL 1 mg/mL 0.5 mg/mL 0.25 mg/mL
(CD) (C2) (C3) (c4)
S. aureus 18 22 20 24
E. coli 20 22 25 27
C. albicans 20 22 21 25
120.00
100.00
" — 3 _M.M
80.00 |— =t
£ 60.00 - —o—Co(Il)
= Ni(II)
40.00
cu(In
20.00 |
0.00 ¥
0 20 40 60 80 100
t/min

Fig. 16. Explain the efficiency of the removal of metal ions (Co, Ni, and Cu) by
y-Al,03—NPs powder.

Within 10 min, equilibrium was reached in the adsorption process.
After 10 min to 80 min, there was no discernible difference in metal ion
elimination. The removal amount was enhanced by y-AloO3—NPs
because in the first phase of adsorption, many potential sites are un-
filled, and with the continuation of time, after the potential sites become
saturated [41-43].

4. Conclusion

y-Al;03—NPs were synthesized by the green method using an
aqueous extract of Boswellia carterii with a particle size of 17.5 nm.
v-Al203—NPs have a uniform size with plate-like and distribution. The
antibacterial effect of AlpO3—NPs is generally sustained at concentra-
tions ranging from 2 mg/mL to 0.25 mg/mL. This effect is attributed to
the adsorption of these nanoparticles onto the bacterial surface and the
formation of Al*>*, which promotes the generation of reactive oxygen
species (ROS) that oxidize bacterial cells, resulting in cell death. The
reported Al,O3—NPs on Candida albicans showed growth delay in it as
well. This study focused on the removal of bivalent metal cation ions
(Co, Ni, Cu) due to the unique features, such as active site, stability, and
homogeneous large surface area. According to the high antibacterial
activity and excellent ability to remove cations from aqueous solution,
the prepared Al;03—NPs can be considered as potent saviors against
antibacterial activity and excellent adsorbents. We recommended in
future used another plant of resin gums, such as Commiphora Myrrh
Resin or Acacia Senegal, for future green synthesis and made a
comparative study with Boswellia Carterii resin, and also studied the
pharmaceutical and medical applications, focusing on potential drug
delivery systems for these plants of resin gums.
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