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Abstract 

   Zn-Cr and Ni-Al layered double hydroxides (LDHs) with ratio 4:1and pH  = 8 

and pH  = 9 respectively were prepared via co-precipitation technique. Thermal 

treatment at different temperature 100, 200, 300, 400, 500, and 600 °C created  

mixed metal oxide (MMO). The synthesized samples were examined using 

various approaches to determined its structural, morphological, and optical 

properties, as well as its toxicity. 

  X-ray diffraction (XRD) analysis exhibited that after Zn-Cr-LDH thermal 

treatment clearly formation the ZnCr2O4 spinal and hexagonal structure of metal 

oxide ZnO phases, while the NiAl2O4 spinal and cubic structure of metal oxide 

NiO phases evinced after Ni-Al-LDH thermal treatment. 

  The results of fourier transformation infrared spectroscopy (FT-IR) tests showed 

the lower frequency bands of the metal–oxygen and metal–oxygen–metal lattice 

vibrations bond confirming the LDHs transformed into mixed metal oxide 

structure upon calcination process for both compounds. 

  The field emission scanning electron microscopy (FE-SEM) examination 

revealed very wide size distribution and an irregular spherical shape particles 

within the nanoscale. With increase of annealing temperature promotes higher 

nanoparticle distribution density, growth, well-defined and fused of nanoparticles 

prepared, ,moreover clear aggregation that caused nanograins  with (a cauliflower-

like) shape that could possibly lead to porous nature for both compounds. The 

average particles size of Zn-Cr LDH was 37.55 nm, where were 41.16 ,42 , 

43.49,46.11 ,48.11 and 51.53 nm average particles size values at 100, 200, 300, 

400, 500 and 600°C thermal treatment temperature respectively. The Ni-Al LDH 

average particles size was 31.52 nm, while were 35.64, 36.14, 41.84, 45.74 ,49.19 



and 51.17 nm average particles size values at 100, 200, 300, 400, 500 and 600°C 

thermal treatment temperature respectively.  

  The atomic force microscopy (AFM) images confirmed a good distribution for 

nanoparticles on the surface and upon thermal treatment both values of particle 

size and surface roughness increase for both Zn-Cr-LDH and Ni-Al-LDH.   

  UV-Vis spectroscopy demonstrated a clear optical behavior for Zn-Cr-MMO-T in 

range 400-800 nm of the scanned wavelength in the visible region with 

pronounced blue-shift phenomenon which was attained along with increase of 

temperature from 100 °C up to 600 °C. Zn-Cr-LDH showed dual band gaps 

indirect 1.98 eV and direct 2.59 eV. The value of optical band gap for Zn-Cr-

MMO-T exhibited clear reduction with increased thermal treatment temperature up 

to 500 °C. 2.11, 2.05, 2.08, 2, 1.97 eV were optical band gap values at thermal 

treatment temperature 100, 200, 300 ,400, 500 respectively. In 600 °C presented 

similar value that obtained at 500 °C. The Ni-Al-MMO-T revealed a clear optical 

behavior in the UV region 300 - 400 nm followed by a gradual decline in the range 

400–800 nm with pronounced blue-shift phenomenon which was attained along 

with increase of temperature from 100 °C up to 600 °C for thermal treatment. The 

value of optical band gap for Ni-Al LDH was 3.2 eV. It is evident that the values 

of optical band gap for Ni-Al-MMO-T decreased with increased thermal treatment 

temperature up to 600 °C. 3.25, 3.10, 2.95, 2.85, 2.75, 2.65 eV represent  band gap 

values at 100, 200, 300 ,400, 500, 600 for thermal treatment respectively.   

  Synthesized samples toxicity tested MTT assay with Lymphocytes and using 

exact half-dilution method. Six half-dose concentrations 2, 1, 0.5, 0.25, 0.125, 

0.0625 µg/ml were used specifically for four samples Zn-Cr-LDH, Zn-Cr-MMO-

600 Ni-Al-HDH and Ni-Al-MMO-600.At concentration0.0625 µg/ml cell viability 



were 93 % and 120 %  for Zn-Cr-LDH and Zn-Cr-MMO-600, while were  88 % 

and 92 % for Ni-Al-HDH and Ni-Al-MMO-600. Based on MTT test results the 

half-maximal inhibitory concentration (IC50) determined. The value of IC50 for Zn-

Cr-LDH and Zn-Cr-MMO-600  were 98.53 µg/ml and 38.30 µg/ml, while were 

17.06 µg/ml and 8.89 µg/ml for Ni-Al-LDH and Ni-Al-MMO-600 this means that 

toxicity decreases after thermal treatment. 

  This thesis investigated the efficient use of synthesized samples in water 

treatment operation by two  main sections: First section photo degradation 

performance. Thermal transformation of LDHs into MMOs significantly improves 

effective photocatalyst for the degradation of organic pollutant (MO). Percentage 

degradation were 75% and 81% for treated with 400°C and 500 °C and 

demonstrated slight reduction 78%  at 600 °C for Zn-Cr-LDH, where percentage 

degradation were 78 % , 77% and 80 % for treated with 400 °C , 500 °C and 600 

°C for Ni-Al-LDH.  

  Second section antimicrobial potential of the LDH synthesized and their thermal  

treatment products were evaluated against a group of microorganisms included 

Staphylococcus aureus (Gram-positive), Escherichia coli (Gram-negative), 

Candida albicans (unicellular yeast), and Penicillium digitatum (filamentous 

fungus). The LDHs synthesized and their mixed metal  oxides are effective in 

inhibition for the four cases and the diameter inhibition zone increases with the 

increasing of thermal  treatment temperature and over time (at 48 hours). 

Staphylococcus aureus is more sensitive to Zn-Cr-LDH and Zn-Cr-MMO-T than 

Escherichia coli. Zn-Cr-MMO-600 demonstrating the highest inhibition diameter 

against Staphylococcus aureus was 40.21 mm, while against Escherichia coli was 

29.28 mm at 48 hours. Zn-Cr-LDH and Zn-Cr-MMO-T proved to be more 

performance against Candida albicans than Penicillium digitatum. Zn-Cr-MMO-

600 showed a high inhibition zone diameter against Candida albicans 35.22 mm 



and the Zn-Cr-MMO-500 sample also showed similar results 35.12 mm, while 

against Penicillium digitatum was 26.07 mm at 48 hours. Ni-Al-MMO-600 

demonstrating the highest inhibition diameter against Staphylococcus aureus was 

34.41 mm, while against Escherichia coli was 25.14 mm at 48 hours. Ni-Al-LDH 

and Ni-Al-MMO-T proved to be more effectiveness against Candida albicans than 

Penicillium digitatum. Ni-Al-MMO-600 showed a high diameter inhibition zone 

against Candida albicans 27.69 mm, while against Penicillium digitatum was 

24.78 mm at 48 hours. The techniques and treatment methods characterized in this 

study are simple to use, potent and environmental friendly. 
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1.1 Introduction      

   The term nano used as a prefix for any unit for example a second or a 

meter, and its equal a billionth of that unit. The origin of the word (nano) is 

Greek which means an abnormally short person or dwarf. In a broad term, 

the materials with the individual particle or grain sizes bellow (100) 

nanometers know nanomaterials. Nanomaterials have unique properties such 

as low weight, high strength and high surface area, thus obtaining distinctive 

and important chemical and physical properties that are strikingly different 

from bulk materials. The science that studies, synthesizes and characterizes 

materials on the nanoscale is called nanotechnology [1]. Nanotechnology has 

a significant impact on the economy and society, as it has addressed many  

problems in a wide range of environmental, medical and industrial sectors 

such as biotechnology, drug delivery, electronic, smart materials, nano-

manufacturing, electronics, energy and water [2].  

    In the 21st century, diminishing freshwater proportion stock and providing 

clean water remains a global challenge on account of declining water quality, 

increased population, and climate change especially in developing regions. 

Nanotechnology offers help build a sustainable future and water treatment 

landscape change through materials and devices with nanoscale with less 

energy, economically, and more effectively. Distinct techniques of 

nanomaterial-based developed for water treatment including nanomembrane 

filtration with nanopores that manifestation high selectivity and permeability 

for effective contaminants removal, adsorption that allows selectively adsorb 

contaminants, disinfection by targeting and inactivating microorganisms and 

catalysis through advanced oxidation operation for organic pollutants 

degradation [3-5]. 
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1.2 Earlier Research 

Ekta Tiwari et al. in (2020), studied remove plastic debris nanoparticles in 

(DI)water, synthetic hard water (SH) and synthetic freshwater (SF)  by the 

Zn-Al- LDH  that synthesized via  coprecipitation technique at pH 8.The 

(TEM ) and (FE-SEM) images showed the size of particles Zn-Al-LDH was 

less than 100 nm and while the size of  NPDs 50 nm. X-ray diffraction 

results showed regular hexagonal structure. sorption capacity studied showed 

fast removal 164.49 mg/g and 162.62mg/g was observed in(SF)and 

(DI)water Whereas, it was least in(SH) 53 mg/g of Zn-Al- LDH for removal 

Nano-scale plastic debris (NPDs) in water system [6]. 

 

Tannaz Sadeghi Rad et al., (2020), prepared Zn-Cr-LDH, Zn-Cr-LDH/BC, 

and Zn-Cr-LDH/CNT by co-precipitation method at pH=9 as 

sonophotocatalytic decomposing refractory pollutants. XRD analysis 

confirmed high crystallinity of the samples, EDX consented successful 

preparation of nanocomposites homogeneous distribution of elements Zn, 

Cr, and C, SEM and TEM images showed porous prepared nanocomposites. 

In Zn-Cr-LDH/BC sonophotocatalytic process, the degradation efficiency of 

rifampicin (RF) was (100%) within 40 min, (150 W) ultrasound and visible 

light irradiation [7].  

 

Tarmizi Taher et al, (2020), prepared Zn-Cr-LDH and Zn-Al-LDH using 

coprecipitation at pH=10 and with ratio (3:1) of each LDHs. XRD analysis 

confirmed the synthesized layered double hydroxides have good 

crystallinity. The FT-IR spectrum results showed Zn-Cr- LDH and Zn-Al-

LDH interlayer space were dominated by (CO3) as the interlayer anion 

species. Experimental data fit well with the Freundlich isotherm.  Highly 

influenced of adsorption operation toward the ion exchange caused less 
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activity adsorption capacity of Zn-Cr-LDHs against Congo red dye although 

a higher surface area of Zn-Cr- LDH [8].  

 

C. Gomez-Polo et al., (2020), examined influence Cr, N and Cr/N doping 

TiO2 nanoparticles on antibacterial action, photocatalytic and the adsorption 

capacity.N-TiO2, Cr-TiO2 and N/Cr-TiO2 NPs were prepared via sol gel 

technique Then thermally treated for two hours at 632 K. X-ray diffraction 

results disclosed the crystallite sizes range were (6, 6and 9) nm for Cr and 

N/Cr and N  doping specimens. TEM images showed a nearly spherical 

shape of prepared nanoparticles. The BET test confirmed adding  chromium 

caused lucid rise of surface area which were (80, 125 and 137) m
2
/g of N-

TiO2, Cr-TiO2 and Cr/N-TiO2 respectively. UV–Vis Analysis results showed 

that the band gap of N-TiO2, Cr-TiO2 and N/Cr-TiO2 were1.6, 1.1, 1.5 

respectively. Doping specimens showed highest adsorption capacity and 

photocatalytic activity to methyl orange dye. The antibacterial activity was 

studied against Escherichia coli, result confirmed bacteriostatic and 

bactericidal activity of Cr-TiO2 samples [9].                                                      

 

Lekbira EL Mersly et al., (2021), studied water treatment by adsorption 

photocatalysis process against organic pollutants .Zn-Cr-X LDHs where (X 

¼ Cl, SO4 and CO3) prepared via a co-precipitation  chemical method at 

pH=5.5 XRD analysis showed that all prepared phases Zn-Cr-Cl, Zn-Cr-CO3 

and Zn-Cr-SO4 LDHs were with hexagonal lattice. The band gap of Zn-Cr-

Cl, Zn-Cr-CO3 and Zn-Cr-SO4 LDHs were 2.13eV, 1.97eV and1.90eV 

respectively which calculated from the diffuse-reflectance spectra of UV 

results. TEM images indicated the particle size changes (13, 62 and 70) nm 

According to nature of the intercalated anion Cl, SO4 and CO3  respectively. 

The adsorption percentage of acid orange 7 (AO7) was 25% for Zn-Cr-SO4, 
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32% for Zn-Cr-CO3 and 49.5% for the most effective photocatalyst Zn-Cr-Cl 

[10].  

 

Angela Spoială et al., (2021), prepared ZnO nanoparticles by co-

precipitation approach. X-ray diffraction results confirmed the wurtzite 

hexagonal of ZnO nanoparticles structure with average crystallite size about 

19 nm. The TEM images exhibited a particle size were in ranging (20-30) 

nm, while The SEM images obtained micrometric agglomerations for 

preparing nanoparticles with a polyhedral-shaped manner. Fourier transform 

infrared spectroscopy exhibited the wave number (462–419 cm
−1

) was for 

Zn-O stretching vibration bond. ZnO nanoparticles showed good degradation 

capability 91% as photocatalysts against methyl orange dye (MO). 

Antibacterial activity of ZnO NPs was tested against yeast Candida and two 

different types of bacteria Escherichia coli (Gram-negative) and 

staphylococcus aureus (Gram-positive). The strongest activity for preparing 

nanoparticles was found against S. aureus with inhibition zone diameter 

19mm [11].   

 

Somia Djelloul Bencherif et al., (2021), synthesized (Zn-Cr) layered double 

hydroxide by co-precipitation technique and calcined at 500 
0
C From XRD 

patterns, Zn-Cr- LDH presented a hexagonal structure. The layered 

morphology of Zn-Cr-LDH was observed in TEM images and small 

nanoparticles was obtained after the thermal treatment. Moreover SEM 

revealed a strong agglomeration in the layered sample. In addition, the 

homogeneous distribution of Zn and Cr in the samples was confirmed by 

EDX coupled to electron microscopy techniques. The FTIR spectra of 

samples confirmed deformation and translation modes of )M-OH  ( and )M-

O-M( bonds forming below (1000) cm
1-
. The UV–Vis DRS Analysis results 

showed that the band gap of Zn-Cr-LDH 2.53 eV and Zn-Cr-500 1.83 eV. In 
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photodegradation tests Zn-Cr-500 showed high photocatalytic activity to 

crystal violet dye (87.7%) [12]. 

 

Yulizah Hanifah et al., (2022), synthesized NiAl-[SiW12O40] and NiAl-

[PW12O40]layered double hydroxide polyoxometalate by co precipitation 

approach at pH=10. DR-UV analysis showed the band gap decreased from 

4.76 eV for NiAl pristine than to 3.22 eV for NiAl-[SiW12O40] and 3.78 eV 

for NiAl-[PW12O40]. The FTIR spectra confirmed the absorption band in 500 

to 800 cm
−1

 represented the stretching vibration (M−O), (M−O−M) and 

(O−M−O). SEM images validated microsphere to the layered structure of all 

LDH samples. NiAl-[SiW12O40] and NiAl-[PW12O40] layered double 

hydroxide showed improving degradation photocatalytic performance 

compared to layered double hydroxide pristine. The percentage degradation 

of Malachite Green (MG) were 68.94% for Ni-Al LDH pristine, 84.51% for 

Ni-Al-[PW12O40]and 88.91% for NiAl-[SiW12O40][13]. 

 

Sujeong Kim et al., (2022), studied removing methyl blue daye (MB) from 

polluted water and antibacterial activity for ZnO nanoparticles. ZnO NPs 

prepared with different presence (1–4) M of NaOH by sol-gel technique. 

XRD analysis confirmed hexagonal wurtzite-structured for ZnO 

nanoparticles and crystal sizes of ZnO–1M, ZnO–2M, ZnO–3M, and ZnO–

4M were (22, 18, 19, and 19) nm respectively. TEM images showed nearly 

circular particle shape of (ZnO–1M) with presence of 1.0 M NaOH, while 

the needle shaped ZnO when NaOH concentration increases. The UV–Vis 

DRS Analysis results showed that the band gap value was 3.18, 3.24, 

3.24and 3.23 of ZnO–1M, ZnO–2M, ZnO–3M, and ZnO–4M. Methyl blue 

daye (MB) was degraded by ZnO–1M with a greater percentage degradation 

95%. 96.43% was ZnO–4M sterilization performance against S. aureus, 

where 95.72% was ZnO–4M sterilization performance against E. coli [14]. 
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Khaled et al., (2022), synthesized Zn-doped TiO2 nanoparticles by the Sol-

gel calcined at 450 
0
C for 4 h. The FTIR analysis showed appearance of 

bending vibration (Ti-O-Ti) at 495 cm
-1 

and stretching band (Zn-O) at 470 

cm
-1

. XRD analysis exhibited an average particle size range (22-30) nm of 

TiO2 nanoparticles and that decreased to an average particle size range (16-

27.5) nm after doping. BET technique results showed a high surface area for 

zinc-doped TiO2 (~26.76) m
2
. g

-1
 compared to TiO2 surface area (15.51) m

2
. 

g
-1

.
 
In wastewater treatment application 68.2%, 71.1% and 75.1% were 

adsorption activity removal results of SLS, ofloxacin and methylene blue 

respectively [15].  

 

 Sura Sabri Hasson et al., (2022), synthesized Nickel oxide NPs by sol-gel 

method at 75 °C and pH 12. Both SEM and AFM images showed that 

nanoparticles size in the range (26.80-37.96) nm. X-ray diffraction results 

disclosed the cubic structure of NiO. 3.45 eV was the value of optical band 

gap as UV-VIS spectra results confirmed.Fourier transform infrared 

spectroscopy exhibited NiO band at 627 cm
−1 

[16]. 

 

Richa Kothari et al., (2022), synthesized green Cr2O3 nanoparticles by used 

the aqueous environment of cinnamon and chromium (III). X-ray diffraction 

showed a hexagonal structure of prepared green Cr2O3 nanoparticles average 

particle size 48 nm. TEM images exhibited an average particle size 48 nm of 

Cr2O3 nanoparticles and oval-shaped structure. The FTIR spectra confirmed 

the presence of C=O stretching and Cr-O stretching vibrations. Antibacterial 

activity studied against Escherichia coli, Bacillus subtilis and Pseudomonas 

aerugenosa. A better Zone inhibition (27mm) was against Pseudomonas 

aerugenosa [17].  
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Stanslaus G. Mtavangu et al., (2022), prepared Ag-ZnO nanocomposites 

by aqueous extract of (Tetradenia riperia) leaf  using aqueous extract of leaf 

in addition their antimicrobial potential tested toward Staphylococcus aureus 

and Escherichia coli. This work showed influence pH, concentration and 

temperature. Ag-ZnO nanocomposites was examined via FTIR, FE-SEM, 

TEM and XRD. The results revealed 80 
0
C, pH(7-8) and Ag concentration 

8% were optimal for synthesized Ag-ZnO nanocomposites. X-ray diffraction 

results showed particle size reduction (23.6 to 14.8) nm by Ag-ZnO 

nanocomposites increasing and FESEM analysis agreed that. TEM images  

determined average of particles size was 14.8 nm. Antimicrobial activity of 

AgZnO nanoparticles revealed a strong antimicrobial capability against coli 

Escherichia comparing Staphylococcus aureus. Tetradenia riperia is suitable 

for Ag-ZnO nanocomposites fabrication that is employed for diverse using 

like purification of water[18].                                                                             

 

Anna Maria Cardinale et al., (2023), prepared Zn-Al-SO4-LDH, Zn-Al-

CrO4 -LDH, Zn-Al-MMO and Zn-Al-MMO-CrO4 by co-precipitation 

method at pH 8±0.5 and thermal annealing at 450 
0
C. The FE-SEM exhibited 

Morphology of the annealed LDHs. The EDXS analysis confirmed   formed 

mixed oxide. The antibacterial activity was studied for Zn-Al-SO4 LDH and 

Zn-Al-MMO against Gram-negative Escherichia coli and Gram-positive 

Staphylococcus aureus. Zn-Al-SO4-LDH inhibition diameter was 1.79 cm, 

while for ZnAl-MMO was 3.1 cm against Escherichia coli which showed a 

greater effect than Staphylococcus aureus 2.3 cm for Zn-Al-MMO. 

Percentage degradation the adsorption percentage of MO dye was 84 % for 

Zn-Al-SO4-LDH, 88 % for Zn-Al-MMO, 76 % for Zn-Al-CrO4-LDH, and 92 

% for Zn-Al-MMO-CrO4 [19]. 
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Yuquan Wang et al., (2023), prepared a highly adsorbent photocatalytic 

BiVO4/Mg-Al-LDHs by co-precipitation approach with 2:8, 3:7, and 5:5 

ratios and temperature calcination 300, 400, 500, and 600 
0
C. XRD analysis 

confirmed high crystallinity of the samples, TEM images showed Mg-Al-

LDHs were hexagonal plates with surface sizes 2 µm and an irregular block 

structure of BiVO4 has formed by the particles aggregation. The UV–Vis 

DRS Analysis results showed that the band gap of BiVO4/Mg-Al-LDHs 

2.09 eV andBiVO4 2.05 eV. BiVO4/Mg-Al-LDHs showed excellent 

photocatalytic performance than the pristine BiVO4 and Mg-Al-LDHs. 

Different MB initial concentrations (5, 10, 15, and 20) mg/L were used to 

study the adsorption capacity and photocatalytic activity, In 10 mg/L, the 

percentage of methylene blue dye (MB) adsorbed in 20 min was 66.1% and 

92.4% during 100 min of photolysis and the ratio of adsorption-degradation 

was 86% [20]. 

 

Iqra Batool et al., (2024), studied removing methyl orange dye (MO) from 

polluted water and antibacterial activity for prepared materials. The NiAl-

LDH prepared by co-precipitation method, while NiAl-LDH/Cu-MOF by a 

simple thermal impregnation strategy. The UV–Vis DRS Analysis results 

showed that the NiAl-LDH band gap (1.91 eV), Cu-MOF (2.54 eV), and 

1.38 eV for NiAl-LDH/Cu-MOF catalyst. (MO)  was degraded by NiAl-

LDH alone with percentage degradation 94%, Cu-MOF 82% and NiAl-

LDH/Cu-MOF showed excellent degradation capability 99%.  By disk 

diffusion method, antibacterial activity were studied against Staphylococcus 

aureus, Enterococcus faecalis )Gram positive) and Escherichia coli, 

Pseudomonas fluorescens (Gram negative(. The results signalized that 

Gram-negative bacteria was more vulnerable to the Ni-Al-LDH/Cu-MOF 

due to positive charge of this bacteria [21]. 
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 Sonya Dadakhani et al., (2024), synthesized histidine His/Zn-Cr-LDH by 

coprecipitation process. The FE-SEM exhibited displays accumulated disk-

like shape with submicron size for Zn-Cr-LDH and His/Zn-Cr-LDH. The 

antibacterial activity was studied in rat injury experiments depending on disk 

diffusion method for 12 h with various groups (GU, Glu + GOx, GOx, His/ 

Zn-Cr-LDH, His/Zn-Cr-LDH + Glu, His/Zn-Cr-LDH + GOx, Zn-CrLDH + 

Glu + GOx, and His/ZnCr-LDH + Glu + GOx). Inhibition rates of Glu and 

GOx were 90.62% in the presence of for S. aureus and 84.61% for E. coli. 

Results showed that His/Zn-Cr-LDH possibility expedite the disinfection and 

curing of spoiled wounds and could an appropriate for treating diabetic ulcer 

wounds [22]. 

 

Wakeel Ahmad et al., (2024), prepared Zn-Fe-LDHs by coprecipitation 

technique with a ratio1:1at pH∼12. X-ray diffraction results disclosed the 

successful Zn-Fe-LDHs formation with highly crystalline structure. The 

FTIR spectra confirmed appeared the vibrations band of (M−OH), (M−O) 

and (M−O−M) in 703 cm
−1

 and 472 cm
−1

 which associated with the brucite-

likes structure of LDH. The UV–Vis Analysis results showed that the band 

gap of Zn-Fe-LDHs, PVP/LDH and Ag-doped (1, 3, and 5wt %) samples 

were 2.81, 2.70, 2.57, 2.47, and 2.38 eV respectively. The TEM images 

provided the hexagonal plate-like structure of Zn-Fe-LDHs, adding PVP to 

Zn-Fe-LDHs looks like a lamellar structure and a gradual increase in an 

agglomeration with incorporating Ag into PVP/LDH. Percentage 

degradation of Rhodamine B (RhB) dye were in (neutral media and pH = 7) 

69.7, 76.8, 89.3, 91.5, and 92.6%, in (acidic media and pH = 3) 60.3, 69.6, 

85.9, 88.9, and 90.3% and in (basic media and pH = 12) 60.8, 70.8, 85.6, 

86.9, and 94.8% for Zn-Fe-LDHs, PVP/LDH and Ag-doped (1, 3, and 5wt 

%) respectively. The antibacterial activity was studied against Gram-
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negative Escherichia and a greater inhibition diameter was 3.65 mm for Ag-

doped (5wt %) sample [23]. 

 

Xinmiao Yu et al., (2024), synthesized spinel NiAl2O4  via the 

polyacrylamide gel approach and studied the effects of different salts 

(NiSO4·6H2O), NiSO4, (Al2(SO4)3·18H2O) and (Al(NO3)3·9H2O) on 

characteristics and photocatalytic activity of preparing material. SEM and 

TEM images showed particles size of spinel NiAl2O4 were with an average 

about 10 nm and approximately spherical. A greater degradation percentage 

of tetracycline hydrochloride (TC) was 86.3% of spinel NiAl2O4 with 

Al2(SO4)3·18H2O and NiSO4·6H2O salts. Toxicity test (T.E.S.T.) showed 

that the (TC) photocatalytic degradation in wastewater by prepared spinel 

could using for water purification [24]. 

 

Raman Duddi et al., (2025), studied using of porous Ni-Al layered double 

hydroxide as an efficient pseudo capacitive material. Ni-Al-LDH prepared 

by a single-step hydrothermal technique with ratio of 3:1. X-ray diffraction 

results revealed hydrotalcite-like structure in two-dimensional (2D). The 

SEM images demonstrated a high nano-crystallized of Ni-Al-LDH and 

possess a distinctly porous structure. BET technique exhibited a high surface 

area (~117.4) m
2
. g

-1
. TEM images exhibited nano-structure of Ni-Al-LDH 

and a porous and well-organized arrangement. At low current densities, after 

10,000 )charge/discharge cycles) Ni-Al-LDH electrode retains (91 %) of its 

initial capacitance [25]. 
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1.3 Aim of the study 

   The aim of this study is to each of Zn-Cr and Ni-Al nano biomaterials 

synthesized by co-precipitation chemical method in water treatment. Nano 

biomaterials are synthesized and characterized by the proper techniques for 

studying structural, morphological, optical properties in addition to 

evaluating its performance as photodegradative and their antimicrobial 

potential. Implement a photodegradation test on a pollutant model (organic 

dye) and detect antimicrobial activity and that prepared nanoparticles are     

suitable for the required applications.                                                                 

 

 

 



 الخلاصة

َ ي ممت  4:1ولألمىيممُو سىتممبت -ولكممدَو َولىيكمم - ممه ول ومم  ولطبقمم ث حممت حيرمميد ٌيسيَاتمميسوث    َ ممت   

علمما ولخممُولاس س اممخقسوو حقىيممت ولخدامي، ولمجممخداس  وممخ  عممه ولمع ل ممت وليدوي ممت عىممس  9َ 8حمُضمت حتمم َ  

فيُصمج  . عمسوا  قمخل واتميس   ي مت  وُ مت (600س500س 400س 300س 200س 100 ي  ث حدوية  قخلفمت  

ق  قخلفمت لخيس مس اص ئصمٍ  ولبىيُ مت َولمُيفُلُ يمت َولبصمد تس س  ضم فت وئس اخقسوو طد يردةولعيى ث ولمُ 

   اُميخٍ . إلا

حجمكلج سُضمُ   Zn-Cr-LDHسعمس ولمع ل مت وليدوي مت   أن   (XRD)أظٍد حيلي  حيُ  ولأشعت ولتميىيت   

 ولخدايم، ث أطُويس سيىم  ظٍدZnCr2O4  يَ ولخداي، ولتبيى ZnOأطُوي ولخداي، ولتسواا لأاتيس ولمعسن 

   Ni-Al-LDH.  سعس ولمع ل ت وليدوي ت  NiAl2O4 لـ  يتبيىولولخداي،  NiOَ   ولمكع،

أن ولىط قم ث ولخد   مت   (FT-IR)أظٍمدث وخم ئ  واخبم يوث  طي فيمت ولأشمعت حيمج وليممدول لخيُ م  فُي يمً   

إلما سىيمت  LDHs حؤامس حيمُ   عمسن -ولأاتم يه  -أاتم يه َولمعمسن  -ولمعسن مىقفرت لاٌخ وزوث ولجبكت ول

 .أاتيس  عسوا  قخل  عىس عمليت ولخكليس لكلا ولمدابيه

 عممه حُز ممس َواممس  ممس و للي ممت َ (FE-SEM)للم مم   ولب عممذ  امم  اجممف فيممم ولم ٍممد و لكخدَومما ولم    

عمم ز از فممت خز مم  ة  ي ممت حممدوية ولخلممس هس حضمممه ولمقيمم ن ولىمم وُ .  ممس لل تمميم ث  غيممد  ىممخ تاممدَ  شممك  

حُز س ول تيم ث ولى وُ ت َومٌُ س س  ض فت إلا حيس سٌ   يس و َوومس   ٍ س س  ضم فت إلما ح ممس َوضم  حتمب، 

ولقممدوبي (  ممم  قمس  ممؤ   إلمما طبيعممت  تم  يت لكمملا ولمممدابيه. امم ن زٌممدة فما حبيبمم ث و وُ ممت كوث شممك    جمبً 

 41.16ا ومج قميت  خُام  ح مت ول تميم ث  هحي فا و وُ خدس Zn-Cr LDH  37.55  خُا  ح ت  تيم ث

 300َ 200َ 100و وُ خد عىس  ي ت حدوية ولمع ل مت وليدوي مت  51.53َ 48.11َ 46.11َ 43.49َ 42َ

وم وُ خدس  Ni-Al LDH 31.52 تميم ثلا ولخُولا. ا ن  خُام  ح مت   ي ت  وُ ت ع 600َ 500َ 400َ

ومم وُ خد  خُامم  قمميت ح ممت ول تمميم ث عىممس  51.17َ 49.19س 45.74س 41.84س 36.14س 35.64سيىممم  ا وممج 

 . ي ت  وُ ت علا ولخُولا 600َ 500س 400س 300س 200س 100 ي  ث حدوية ولمع ل ت وليدوي ت 

حُز ع مم   يممس و لل تمميم ث ولى وُ ممت علمما ولتممط س َعىممس ولمع ل ممت  (AFM) أاممسث رممُي   ٍممد ولقممُة ول ي ممت

  .Zn-Cr-LDH َNi-Al-LDH ولتط  للك   ه  وليدوي تس وز و ث قيت ح ت ول تيم ث َاجُوت



 -Zn-Cr  امملُا   سصمد    َوضممي   لمـ (UV-Vis  أظٍمد ولخيليمم  ولطيفما ل شممعت فمُس ولبىفتمم يت َولمدئيمت   

MMO-T  و وُ خد  ه ولطُ  ولمُ ا ولممتُ  ضُئي   فا ولمىطقت ولمدئيت  مس ظم ٌدة  800-400فا وط س

 ي ت  وُ ت.  600 ي ت  وُ ت إلا  100وو     أزيس َوضيت َولخا حت حيقيقٍ   س ز   ة  ي ت وليدوية  ه 

إلكخمدَن فُلمج.  2.59إلكخدَن فُلج َ ب شدة  1.98   َ ت غيد  ب شدة  ط قت ُةف  Zn-Cr-LDH أظٍد

ووقف ض   َوضي    س ز م  ة  ي مت حمدوية ولمع ل مت  Zn-Cr-MMO-T لـ تولبصد  تط قف ُة ول قيمتأظٍدث 

 1.97َ  2َ  2.08َ  2.05َ  2.11ولبصممد   ط قممت ي ممت  وُ ممت. ا وممج قمميت ف ممُة ول 500وليدوي ممت حخمما 

ا. فما علما ولخمُول 500َ  400َ  300َ  200َ  100إلكخدَن فُلج عىس  ي مت حمدوية ولمع ل مت وليدوي مت 

-Ni-Al د ي مت  وُ مت. أظٍم 500  عىمس ظٍدث قيمت  م رلمت لخلم  ولخما حمت وليصمُ  عليٍم ي ت  وُ ت  600

MMO-T   ومم وُ خدس حمملاي ووقفمم    400-300امملُا   سصممد    َوضممي   فمما وطمم س ولأشممعت فممُس ولبىفتمم يت

قٍم   مس ز م  ة  ي مت و وُ خدس  س ظ ٌدة وو     أزيس َوضيتس َولخا حت حيقي 800-400حسي  ا فا ولىط س 

 لمـ بصد تول ط قتوليدوي ت. سلغج قيمت ف ُة ول  ي ت  وُ ت للمع ل ت 600 ي ت  وُ ت إلا  100وليدوية  ه 

Ni-Al LDH 3. 2 ولرمُئا لمـ ط قمتج. َ مه ولُوضم  أن قميت ف مُة ولإلكخمدَن فُلم Ni-Al-MMO-T 

س 2.95س 3.10س 3.25 وُ ت. حمز  ولقيت  ي ت  600ووقفرج  س ز   ة  ي ت حدوية ولمع ل ت وليدوي ت حخا 

للمع ل مت  600س 500َس 400س 300س 200س 100عىمس  ط قمتإلكخدَن فُلج قميت ف مُة ول 2.65س 2.75س 2.85

 .وليدوي ت علا ولخُولا

ولقلا م  ولليمف َ متس َكلم  س امخقسوو طد قممت َ MTT س اممخقسوو واخبم ي يرمدةميت ولعيىم ث ولمُ حمت واخبم ي امُ   

 (0.0625س 0.125س 0.25س 0.5س 1س 2  يتيق. وامممممخقُس ج امممممخت حدوايممممم  وصمممممفولىصمممممفا ولمممممسقولخقفيمممممف 

م  لأيسمس عيىم ث   -Zn-Cr-MMO-600 َ Ni-Al-HDH َNiس Zn-Cr-LDHَ يكدَغدوو/ م  اصيص 

Al-MMO-600 .  120َ% 93%  ييُ مت للقلا م ولولفع ليمت س سلغمج  يكدَغدوو/ م   0.0625عىمس ولخدايم 

-Ni-Al-HDH َNi لكم   مه 92َ%  88س سيىم  سلغمج Zn-Cr-LDH َZn-Cr-MMO-600% لك   ه

Al-MMO-600 سى ل  علا وخ ئ  واخب ي MTT ولمزمب  ولأقصما ولىصمفا س حمت حيس مس ولخدايم. (IC50)  سلغمج

 يكدَ دوو/ م  َ  Zn-Cr-LDHَ Zn-Cr-MMO-600 98.53   ولمزمب  ولاقصما ولخدايم  ولىصمفا قيمت

 َ Ni-Al-LDH  يكدَ دوو/ م  لمـ 8.89 يكدَ دوو/ م  َ  17.06ا ومج س سيىمم   يكدَ دوو/ م  38.30

Ni-Al-MMO-600  ُميت حىقفض سعس ولمع ل ت وليدوي تٌَ و  عىا أن ولت. 

فما  ع ل مت ولميم ي  مه املا  قتمميه يئيتمييه:  يرمدةعيىم ث ولمُ ولفعم   للامخقسوو لاو طدَحمتٌ ي ولا خى َ ح   

  يمميفافمم لة ولخ MMOs إلمما LDHs يُتممه ولخيممُ  وليممدوي    .أ ول ولخيلمم  ولرممُئا فع ليممتولاَ  ولقتممت 



% عىمس ولمع ل مت 81% َ 75سجمك   ليمُظ. سلغمج وتم، ولخيلم   (MO) ولرُئا فا حيل  ولملُد ولعرُ 

 ي مت  وُ مت  600% عىمس 78 ي ت  وُ تس سيىم  أظٍدث ووقف ض   طفيف م  سىتمبت  500َ 400سسي  ث حدوية 

 500َ 400% عىس ولمع ل ت سمسي  ث حمدوية 80% 77َ% 78َس سيىم  سلغج وت، ولخيل  Zn-Cr-LDH لـ

 .Ni-Al-LDH ي ت  وُ ت لـ 600َ

وليدوي مت ضمس  ل خٍم َ ىخ م ث  ع  يرمدةولمُ  LDH فا ولقتت ولز واس حت حقييت ولقمسية ولمرم  ة للميكدَسم ث لمـ

ولعىقُ  ممت ول ٌبيممت   ُ بممت ول ممدوو(س َو شممد كيت  ولمكممُيوث حخرمممه   مُعممت  ممه ولك ئىمم ث ولييممت ولسقيقممت

ولقُلُويممت  امم لبت ول ممدوو(س َولمبيرممت ولبيرمم ل  اميممدة َحيممسة ولقليممت(س َولبىتممليُو و رممبعا  فطممد ايطمما(. 

ولمعسويمت ولمقخلطمت فعل لمت فما ولخزبمي  فما وليم لاث ولأيسمسس َ م  و  قطمد   َأا اميسٌ يرمدةولمُ  LDHs جا وم

ام عت(. حعُمس ولمكمُيوث  48 ىطقت ولخزبي   س ز   ة  ي ت حدوية ولمع ل ت وليدوي مت َ مس  مدَي ولُقمج  سعمس 

  -Zn  ه و شد كيت ولقُلُويمت. أظٍمد Zn-Cr-LDH َ Zn-Cr-MMO-T ولعىقُ  ت ول ٌبيت أازد حت ايت لـ

Cr-MMO-600  متس سيىمم  سلم  ضمس  40.21علا قطد حزبي  ضس ولمكمُيوث ولعىقُ  مت ول ٌبيمتس حيمذ سلم  أ 

فع ليمت  أابمد ضمس   Zn-Cr-LDH َZn-Cr-MMO-T ام عت. أربمج 48 ت سعس  29.28و شد كيت ولقُلُويت 

ضمس  قطمد حزبمي  عم     Zn-Cr-MMO-600 أظٍمد .Penicillium digitatum ولمبيرت ولبير ل  ق يومت  سمـ

وخ ئ   م رلتس حيمذ سلم  قطمد ولخزبمي   Zn-Cr-MMO-500 َأظٍدث عيىت . ت 35.22ولمبيرت ولبير ل سل  

 ام عت. َأظٍمد 48 مت سعمس   Penicillium digitatum  26.07 تس سيىم  سل  قطد ولخزبي  ضس فطمد 35.12

Ni-Al-MMO-600   أعلا قطد حزبمي  ضمس سكخيد م  Staphylococcus aureusمتس  34.41  س حيمذ سلم 

-Ni-Al ام عت. َأربمج ام ن  مه 48 مت سعمس  Escherichia coli  25.14 سيىم  سل  قطد ولخزبمي  ضمس سكخيد م 

LDH َNi-Al-MMO-T فع ليمت أابمد ضمس فطمد Candida albicans ق يومت  سفطمد  Penicillium 

digitatum َأظٍمد Ni-Al-MMO-600  ىطقمت حزبمي  ع ليمت ولقطمد ضمس فطمد  Candida albicans س

 48 مت سعمس   Penicillium digitatum  24.78 متس سيىمم  سلم  قطدٌم  ضمس فطمد 27.69حيمذ سلم  قطدٌم  

 ت فا ٌ ي ولسيوات اٍلت ولااخقسوو َفع لت َرس قت للبيوت.ولمُرُف ولخقىي ث َطدوئق ولمع ل ت  .ا عت
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