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 Abstract 

and Structure technique.  "elg-solusing the "prepared ) powder was 4O2Fex-1ZnxMnZinc Ferrite (-Manganese

antibacterial properties of the sample were investigated by XRD, AFM, EDX, and FE-SEM. X-ray diffraction (XRD) 

The atomic force microscopy (AFM) determined that the  has a cubic structure. 4O2Fex-1Znxdetermined that Mn

average diameter of Manganese-Zinc Ferrite is (55.35nm), indicating that the sample has a nano-structure dimension. 

Energy dispersive X-ray (EDX), was conducted to assess the surface morphology and elemental compositions of 

Manganese-Zinc Ferrite.  FE-SEM was used to look at the shape of the surface. The microphotograph showed that 

nd PVDF a 4O2Fex-1ZnxMn Antibacterial properties  results for PVDF, pure  the shape was homogeneously spherical.

/AC) to  4O2Fex-1ZnxMn nt of activated carbon (PVDF:and add a constant amou 4O2Fex-1ZnxMn doped different ratio

study  the biological activity for two types of bacteria positive S-aurous and negative E-coil the result showed the 

nano-ferrite has good activity for both type and the diameter for inhibition zones was ranged (25-17) 

mm.                                                                                                                                                                                   
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Introduction  

     Recently, there has been a great deal of 

interest in studying spinel ferrite 

nanoparticles due to their unique physical, 

electrical, electronic, catalytic, and 

magnetic properties as well as their uses in 

technology. Most spinel ferrites belong to 

the Fd3m space group, however some 

Spinel  spinals exhibit lower symmetry [1].

ferrites are homogenous materials 

consisting primarily of iron and have a 

, in 4O2general chemical formula of MFe

respectively reside in  3+and Fe 2+which M

tetrahedral and octahedral metallic cation 

spots of the lattice [2]. The minuscule 

dimension of spinel ferrite makes them an 

ideal candidate in a broad spectrum of 

biological applications, including their use 

as contrast agents in magnetic resonance 

imaging (MRI) [3], targeted drug delivery, 

Among  ].4and magnetic hyperthermia [

spinel ferrites, have gained attention in 

various biomedical applications due to their 

bio-friendly character, lower toxicity than 

other metal ferrites, chemical stability, easy 

and reproducible synthesis, low saturation 

magnetization, and photo-induced catalytic 

reactant properties [5, 6].                               

-1ZnxZinc Ferrite (Mn-Manganese    

]. The unit have spinel structure [7 )4O2Fex

cell of spinel ferrite is FCC with eight 

formula units per unit cell having 64 

tetrahedral sites surrounded by four oxygen 

atoms and 32 octahedral sites, surrounded 

by six oxygen atoms [8]. In MnZn spinel 

ferrite lattice, Zn ions are on the tetrahedral 

sites while Fe and Mn ions occupy both 

tetrahedral and octahedral sites [9]. MnZn 

ferrites are preferred due to high 

permeability, saturation induction, low 

power losses and high magnetic induction 

[10]. MnZn ferrites are of great interest due 

to their wide range of applications such as 
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hyperthermia applications [11], power 

applications [12], magnetic fluid, high 

frequency power supply [13], memory 

storage devices, TV sets, biomedicines, 

magnetic resonance, and catalysis 

[14].                                                                   

      Polyvinylidene fluoride (PVDF) is 

semi-crystalline polymorphs due to the 

presence of elemental fluorine (F) of the 

starting molecular base. PVDF normally 

has a crystallinity of roughly 50% and, 

depending on the processing parameters, 

can appear in four different crystalline 

phases designated as α, β, γ and δ. PVDF 

has a glass transition temperature of 

roughly and crystalline. Poly (vinylidene 

fluoride) PVDF  and its copolymer are the 

polymer with heights dielectric constants 

,including  chemical agent resistance, 

lightness, pyroelectric, piezoelectric and  

ferroelectric .PVDF could form at least five 

different crystalline phases among which 

theα and β phases are the most common, the 

most stable polymorph of PVDF is the α-

form [15-16].                        

       There are various techniques for 

producing ferrite nanoparticles, such as the 

combustion, forced hydrolysis, redox 

process, co-precipitation, hydrothermal, 

spray drying, sol-gel, solid state reaction, 

sonochemical, thermal decomposition 

method, and electrochemical [17]. The sol-

gel method is an environmentally friendly 

and cost- effective method for synthesizing 

magnetic ferrite particles [18]. The 

advantages of sol-Gel technique include its 

relative simplicity, low cost ability to be 

performed at a low temperature without 

specialized equipment, and ability to 

achieve a Small particle size distribution 

[19]. In this study, the structure and 

Antibacterial of Mn-doped Zn ferrite nana 

ferrites were synthesized using the 

chemical "sol-gel" technique, followed by 

grinding and calcinations at 700°C. Study 

the biological activity for two types of 

bacteria positive S-aurous and negative E-

coil.                                                                             

                                          

Experimental Procedure 

1 .Preparation of Manganese-Zinc 

)4O2Fex-1ZnxFerrite (Mn 

prepared  composite was 4O2Fe0.5 Zn0.5 Mn

using the Sol-gel technique. The materials 

nitrates , 4O2Fe0.5Mn 0.5 Zn prepareused to 

(Zinc, Manganese and iron) were mixed 

with deionized water (30ml), and then citric 

acid added into solution (1:1:1:3). The 

mixture was heated under stirring at 80 °C 

for five hours, which made the mixture 

denser and formed the gel. The gel was 

oven-dried at 150 degrees Celsius for six 

hours. The powder was calcined at 700 °C 

for five hours in air to obtain the pure 

crystalline stage. Finally, the sample would 

be further analyzed using XRD, AFM, 

EDX, and FE-SEM.  

                                                                              

                                                         

2. Preparation of Bacteria 

The Staphylococcus aureus (Staph.) and 

Escherichia coli (E. coli) microorganisms 

by disk diffusion method in accordance 

with the procedure described by Hwang and 

Ma This Method is a mean of measuring the 

effects of an antimicrobial agent on bacteria 

growth in a culture. Muller-Hinton Agar 

(MHA) powder was used as a culture 

medium for bacteria growth. To prepare the 

culture medium, 19 g of agar was dissolved 

into 500 ml of distilled water, and then a 

transparent brown solvent was achieved via 

boiling the solution. MHA medium (15 ml) 

was sterilized at 120˚C for about 1 hour in 

autoclave cooled to room temperature and 

then poured into sterilized petri dishes 
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(10mm). After cooling over 24 hours, the 

bacteria are swabbed uniformly across the 

culture plate. Filter-paper disks were placed 

on the surface of agar. To evaluate the 

antibacterial activity, 100μl of each of the 

samples was dropped moderately on disks’ 

surface using a sampler. If the samples are 

effective against the bacteria at a certain 

concentration, then no colonies would grow 

and the concentration in agar is greater than 

or equal to the effective concentration. This 

region is called inhibition zone. The size of 

inhibition zone measures the efficacy of 

sample. A more effective sample produces 

a larger clear area around the disk. All tests 

were done under laminar flow hood. 

Finally, all petri dishes containing bacteria 

and antibacterial reagents were incubated at 

37˚C for 24 h. At the end of incubation 

period, the diameters of inhibition zones 

formed around disks, were determined and 

presented in mm. The results concerning 

antibacterial activity were expressed as 

strong activity diameters of inhibition zone 

is   (>13 mm), moderate activity (6 – 12 

mm), weak activity (5 mm) or no activity 

(inhibition zone < 5 

mm).                                                                     

             

                                                                                                                                                                                                                                                     

Results and Discussion 

1. X-ray Diffraction Analysis   

The X-ray diffraction spectra for the 

) 4O2Fex-1ZnxZinc Ferrite (Mn-Manganese

synthesized using the sol-gel technique are 

shown in Figure 1. X-ray spectra indicate 

 cardwith 4O2Fex-1ZnxMncubic structure 

(JCPDS NO. 96-901-3530), and the second 

 structurecubic has 3 O2Fe phase Hematite

with card (JCPDS NO. 96-900-9783). The 

main peaks at 18.2184, 29.9713, 35.2874, 

36.8678, 42.9023, 53.2471, 56.7529, 

62.3276, 70.7759, and 73.5920 correspond 

to (111), (220), (222), (311), (400), (422), 

(511), (440), (620) and (533) indicates the 

 , some4O2Fex-1ZnxMn pure formation of

extra secondary peaks (secondary phases of 

can be seen adjacent to the  )3O2FeHematite 

peak features. This may be due to the 

presence of the impurity process. 

Formation of impurity phase of hematite 

during calcination at 700°C could be due to 

hematite is thermally stable at a high 

annealing temperature. This agrees with the 

result obtained by [20]. And table1 

explained the structural properties (index 

plan, FWHM, and grain 

size).                                                         

                                                                            

4O2Fex-1ZnxMnay diffraction spectra of r-X :1 ureFig 
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powder 4O2Fex-1ZnxMn  structural properties of The :1 Table 

 

4O2Fex-1ZnxMnAFM and EDX for . 2

 

The atomic force microscope (AFM) 

micrograph of MnxZn1-xFe2O4 is appeared in 

Fig. 2. It can be seen in Fig. 2 (a,b) that the 

sample has a consistent spherical shape and 

a uniform grain distribution over the surface. 

The average diameter was determined to be 

55.35 nm, indicating that the sample has a 

nanostructure. Moreover, in order to 

characterize the elemental composition on 

the surface of MnxZn1-xFe2O4 particle, the 

corresponding energy dispersive X-ray 

(EDX) spectrum were analyzed in Figure (3) 

shows the peaks of Fe, Mn, Zn and O 

elements for MnxZn1-xFe2O4 sample. The 

result confirms the presence of the 

components Fe, Zn and Mn. The highest 

intensity of Fe may be seen in the spectrum 

of the sample. A small peak was appeared at 

2.1 KeV which indicated that presence of Au 

(gold) peak, which has been used as a sputter 

coating, while preparing the sample The 

atomic ratio of Fe: Zn: Mn: O was found to 

be (23.04:10.10:10.34:56.52) for Zn 1-xMn 

xFe2O4 . 

 

Figure 2: AFM micrograph for MnxZn1-xFe2O4 were a) 2D, b) 3D 

 

 

 

 

 

 

 

 

 

 

 

18.2759 0.6896 4.8504 11.7 (111) Magnetite 96-901-3530

24.0517 0.5747 3.6971 14.1 (110) Hematite 96-900-9783

29.8563 0.6034 2.9902 13.6 (220) Magnetite 96-901-3530

33.2184 0.4885 2.6948 17.0 (211) Hematite 96-900-9783

35.2299 0.6896 2.5454 12.1 (311) Magnetite 96-901-3530

36.9253 0.4310 2.4324 19.4 (220) Magnetite 96-901-3530

40.9195 0.4886 2.2037 17.4 (210) Hematite 96-900-9783

42.8448 0.5460 2.1090 15.6 (400) Magnetite 96-901-3530

49.5690 0.4310 1.8375 20.3 (202) Hematite 96-900-9783

53.1609 0.4885 1.7215 18.2 (422) Magnetite 96-901-3530

54.1954 0.4311 1.6911 20.7 (312) Hematite 96-900-9783

56.6379 0.6322 1.6238 14.3 (511) Magnetite 96-901-3530

57.6437 0.4885 1.5978 18.6 (332) Hematite 96-900-9783

62.3276 0.7758 1.4885 12.0 (440) Magnetite 96-901-3530

64.1379 0.4023 1.4508 23.3 (2-1-1) Hematite 96-900-9783

70.7759 0.5173 1.3301 18.8 (620) Magnetite 96-901-3530

73.7069 0.6610 1.2843 15.0 (533) Magnetite 96-901-3530

Sample 2θ (Deg.)
FWHM 

(Deg.)

dhkl  

Exp.(Å)
G.S (nm) hkl Phase card No.

Mn-Zn 

Ferrite
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Figure 3: EDX for MnxZn1-xFe2O4 

 

 

 

 

 

 

 

 

 

 

 

3. Field Emission Scanning Electron Microscope (FE-SEM) 

Field emission scanning electron microscopy 

(FE-SEM) of the manganese-zinc ferrite 

-) sample prepared by the sol4O2Fex-1Znx(Mn

gel process High-resolution FE-SEM images 

of the manganese-zinc ferrite sample calcined 

at 700 degrees Celsius for five hours are 

shown in Figure 4; the FE-SEM images 

indicate that the as-prepared sample consisted 

of well-crystallized homogenous particles, 

most of which are spherical in shape and 

smooth on the surface. It is also worth noting 

that faceted crystals can be seen, and the 

diameter of the manganese-zinc ferrite 

) particles is calculated to be 4O2Fex-1ZnxMn(

in the range D1 (58.34-75.83 nm) from Figure 

4.              
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4O2Fex-1ZnxMn SEM images of-FE :Figure 4 

4. Antibacterial activity Properties 

and pure PVDF   4O2Fex-1ZnxMn    4. 

1Antibacterial activity for  

The antibacterial activity for samples was 

conducted using Gram-positive (S. aureus) 

and Gram-negative (E. coli) as pathogens. 

The results are shown in Fig.(5)and Fig (6) 

for  pure PVDF, and Manganese-Zinc ferrite 

samples showed positive antibacterial 

activity against S. aureus with an inhibition 

zone of 20 and 21 mm in respectively, 

whereas for E. coli were 20 and 28 mm, 

respectively. The bacterial activity of ferrite 

depends on the  size, morphology, chemical 

molecule diffusion ability, and the discharge 

of metal ions. In addition, the surface area is 

crucial in the elevated and promising 

oparticles nan 4O2Fex-1ZnxMnactivity of 

against all the tested pathogenic microbes. 

There are many reasonable mechanisms for 

4 O2Fex-1ZnxMnthe antimicrobial action of 

nanoparticles, including radical groups 

generated through the redox reactions 

during the photocatalytic process attack the 

bacteria’s cell membrane components and 

inhibit the growth of these 

microorganisms.                
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Figure 5: A schematic illustration of created inhibition zones for E.coli of PVDF Figure 6: 

-Zn1xof MnS.aurous and  A schematic illustration of created inhibition zones for E.coli

                        4O2Fex 

               

ferrites   4O2Fex-Zn1xMn PVDF dopedof  Antibacterial activity24. 

 

The antibacterial activity of manganese-

Zinc ferrite of (PVDF: Mn-ZnF /AC), with 

different ratio (1%, 2%, and 3%) wt,   was 

performed on gram-positive 

(Staphylococcus aureus) and gram-

negative (Escherichia coli) bacterial strains. 

Figure 7 shows the samples have significant 

antibacterial activity against Escherichia 

coli bacteria with an inhibition area of 18 

mm, 19mm and 21 mm (Figure 7a). This 

result was higher compared to 

Staphylococcus aureus bacteria with an 

inhibition area of 17mm, 18mm, and 20 mm 

(Figure 7b). The bacterial activity of 

manganese-Zinc ferrite depends on the size, 

morphology, surface area, chemical 

molecule diffusion ability and also the 

discharge of metal ions. The antibacterial 

ability of (PVDF/mn-Zn/AC 3%) samples 

was better because of the smaller particle 

size of (PVDF/mn-Zn/AC 3%) so that it 

easily covers and penetrates the cell walls 

of bacteria. Besides, Staphylococcus aureus 

bacteria are more easily inhibited than 

Escherichia coli due to this bacterial has a 

structure with high peptidoglycan content 

so it is difficult to penetrate the cell walls of 

bacteria and inhibit its growth. Synthesized 

and tested the manganese ferrite 

antibacterial activity against 

Staphylococcus aureus and Escherichia coli 

but showed no antibacterial activity at all 

due to the small outer surface of the ferrite 

material [21]. Bactericidal activity would 

differ depending on the cell wall nature of 

bacteria. The cell wall of Gram-positive 

bacteria is wider than the cell the Gram-

negative bacteria [22] .The proposed 

mechanism of antibacterial activity of the 

photocatalytic materials are described as 

followed. When coming in contact with 

microbes, they will affect the bacterial cell 

membrane and start to influence the 

metabolism of the 

cells.                                              
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Figure 7 a: A schematic illustration of created inhibition zones for E.coli of (PVDF/Mn-

ZnF/AC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-(PVDF/Mn A schematic illustration of created inhibition zones for S.aurous of Figure 7 b:

                                                                       ZnF/AC) 

Conclusion 

 

The structural and properties of PVDF 

-1Znx(Mn  Zinc Ferrite-doping Manganese

that were prepared  ferrites-oanN) 4O2Fex

using the Sol-Gel technique. XRD results 

reveal the sample a cubic structure.  SEM 

and AFM analysis were used to examine the 

morphology and average diameter of 
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Manganese -Zinc Ferrite. An (EDX) a 

spectrum reveals the presence of transition 

metals (Mn, Zn, Fe, and O). The PVDF 

doping Manganese-Zinc Ferrite was proved 

biological activity for two types of bacteria 

positive and negative and was much active 

for E.coli because the S.aurous has hard.     
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