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New Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2) Y-type hexaferrites were synthesized by solid state ceramic method to tailor 
their electromagnetic properties. Subsequently, the effects of Mg

2+
 and Zn

2+
 dopants on the static and dynamic magnetic 

properties at 300 MHz to 40 GHz were studied. The crystalline structure, particle size and static and dynamic magnetic 
properties were investigated by X-ray diffraction (XRD), scanning electron microscopy (SEM), vibrating sample 
magnetometer and vector network analyzer, respectively. The results showed that the saturation magnetization and the 
complex permeability values have been increased while the coercive field and the resonance frequency decreased by 
increasing the amount of dopants. The reflection loss and thickness of composite samples were optimized based on the 
maximum RL bandwidth for -10 dB. Compared with pure Co2Y-type hexaferrite, Mg-Zn doped Co2Y-type hexaferrite 
composites exhibited enhanced absorbing properties at S, C, X and Ku frequency bands. 
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1. Introduction 
 

Wireless communication industry has grown beyond 

expectations. As such, it has entered everyday life and 

captured the attention of the media and the imagination of 

the public. Many new applications, including wireless 

systems coupled with computers, smart homes, remote 

telemedicine and wireless sensors involve a lot of 

electromagnetic wave pollution [1]. Therefore, microwave 

absorbing materials are require to alleviate these pollutions 

by absorbing the unwanted microwave. New radars have 

also been developed and radar absorbing materials are, 

therefore, necessary to design stealth objects.   

 The microwave losses are correlated with the particle 

size, morphology, microstructure and other characteristics 

of the material [2-5]. An efficient EM wave absorbing 

material should be capable of enough loss with a sufficient 

absorption bandwidth. Minimum reflection depends on the 

impedance matching of the material with the free space. 

The impedance matching is associated with the relative 

complex permeability (𝜇𝑟 = 𝜇𝑟
 − 𝑗𝜇𝑟

 ), relative complex 

permittivity (𝑟 = 𝑟
 − 𝑗𝑟

 ) and thickness. When the 

impedance is matched completely with two media, the 

wave is entered without any reflection from the interface. 

The entered wave can lose its energy through dielectric 

and magnetic loss mechanisms and it is converted into 

heat. An absorbing material should be able to cause 

favorable loss in the necessary frequency range. In order to 

achieve maximum loss in a vast frequency range, selecting 

the material and controlling its dielectric and magnetic 

properties are of high importance. So far, various materials 

have been studied to evaluate their capability in absorbing 

EM waves. Among these materials, the ferrites are widely 

used due to their absorbing power. Depending on their 

crystalline and chemical composition, ferrites perform 

differently in different frequency ranges. Spinel ferrites are 

mostly utilized in a range from few MHz to GHz [6-9] 

such that their absorbing power may be reduced due to 

Snoek’s limit [10]. Hexaferrites, are capable of absorbing 

higher power in GHz frequencies [11,12]. Hexaferrites, 

depending on their chemical compositions, are divided 

into M, W, Y, U, X and Z-types [13].  

Among the hexaferrites, the Y-type hexaferrite 

(Ba2Me2Fe12O22) is constructed from the basic units of 

hexagonal barium M-type and cubic spinel ferrites which 

retain a hexagonal structure, usually with the direction of 

magnetization being parallel to the c-axis [11,14]. It has a 

good potential to control magnetic and electrical properties 

for better tuning in microwave range by substituting Ba, 

Fe, and Me with divalent and trivalent ions [15-17]. Often, 

by substituting Fe and/or Me with a large amount of other 

ions, the magnetocrystalline anisotropy can be greatly 

reduced, and even switched from a c-axis to the basal 

plane. This can reduce the saturation magnetization and 

hence, permeability. The characteristic of 

magnetocrystalline planar anisotropy and high initial 

permeability made the Y-type hexaferrite attractive for 

microwave absorbing [18].  

Moreover, most studies of Y-type hexaferrite have 

been focused on magnetic and dielectric properties with a 

view to explore magneto-electric and microwave device 

applications (for example, see Refs. [19] and [20]). 

However, there have been few studies regarding the 

complex permittivity, permeability and microwave 

absorbing properties of Y-type hexaferrite at GHz range.  

In the present work, new doped Co2Y-type 

hexaferrites, Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2), 

were synthesized by the conventional solid state method. 
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We investigated the effect of the concentration of dopants 

on the microstructure, magnetic properties, complex 

permittivity, complex permeability and microwave 

absorbing characteristics in the range of 300 MHz to 40 

GHz.  
 

 

2. Experiments 
 

Analytical grade chemicals such as barium carbonate 

(BaCO3), iron oxide (Fe2O3), cobalt oxide (Co3O4), 

magnesium oxide (MgO) and zinc oxide (ZnO) were used 

to synthesize the stoichiometric compositions as the 

starting materials. In order to obtain the composition of 

Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2), the Co
2+

 ions 

were replaced by Mg
2+

 and Zn
2+

 dopants (with equal 

ratio). The starting materials were mixed in a planetary 

mill for 1 hours and sintered in air at 1150 C for 3 hours. 

The heating rate was 6 C /min up to 600 C and then the 

rate was decreased to 3 C /min to reach 1150 C and kept 

at the sintering temperature for 3 hours. Finally, the 

sintered ferrite was crushed in a planetary mill for 1 hour 

to obtain the fine powders. The samples were prepared 

with 70 wt% of the powder and 30 wt% of paraffin. The 

powder was mixed with paraffin dissolved to homogenize 

toluene. Then, it was heated at 80 ˚C for 10 h to remove 

the toluene. The as-prepared composite samples were 

made in the form of the standard rings (outer diameter: 7 

mm, inner diameter: 3.04 mm, thickness: 2 mm) and 

rectangles (with two various sizes − length: 10.66 mm, 

width: 4.31 mm, thickness: 2 mm and length: 7.11 mm, 

width: 3.55 mm, thickness: 1.5 mm) 

 The composition and the crystalline phases were 

identified by an X'Pert Pro MPD PANalytical 

diffractometer using Cu Kα radiation (λ=1.5406) with a 

scanning rate of 0.0260 degrees at room temperature. The 

characteristic lattice parameters, a and c, were calculated 

according to the following formula [21]: 

 

 
1

𝑑ℎ𝑘𝑙
2 =

4(ℎ2+ℎ𝑘+𝑘2)

3𝑎2 +
𝑙2

𝑐2                      (1)  

 

where h, k and l are Miller indices and d is interplanar 

spacing as determined by the Bragg formula, 2𝑑𝑠𝑖𝑛𝛳 =
𝑛𝜆. The unit cell volume was calculated from the lattice 

parameters a and c using the following formula [22]: 

 

𝑉𝑐𝑒𝑙𝑙 =
√3

2
𝑎2𝑐                                 (2) 

 

The X-ray density, 𝜌𝑥 of the material was calculated 

according to the relation: 

 

𝜌𝑥 =
2𝑀

𝑁a𝑉𝑐𝑒𝑙𝑙
                                 (3) 

 

where M represents the molar mass of the sample, and Na 

is Avogadro’s number. 

Electron micrographs were taken using a LEO 

435VP Scanning Electron Microscopy (SEM). The 

particle size of the samples was estimated from SEM 

imaging. The magnetization measurements were carried 

out using VSM measurement. The coercive field and 

magnetic remanence were obtained directly from the M-H 

loop and the saturation magnetization was calculated from 

the law of approach to saturation [23]. 

The electromagnetic S-parameters of composite 

samples prepared with transmission/reflection method 

were measured using standard 7 mm coaxial airline, 

WR42 and WR28 rectangular waveguides fixtures through 

a ZVK vector network analyzer in the range of 300 MHz 

to 40 GHz. The complex permittivity and permeability 

were extracted from the measured electromagnetic S-

parameters by utilizing the Nicolson–Ross–Weir algorithm 

[24]. 

The reflection loss (RL) of a microwave absorbing 

layer with metal back was calculated based on the values 

of relative complex permeability and permittivity values in 

terms of frequency and thickness of the layer by the 

following formulas [25]:  

 

𝑅𝐿 = 20 log(
𝑗𝑍 tanh(𝑘𝑑)−1

𝑗𝑍 tanh(𝑘𝑑)+1
).                   (4)    

 

 𝑍 = √
𝜇𝑟

𝜀𝑟
 .                                              (5)      

 

𝑘 =
2𝜋𝑓

𝑐 √𝜇𝑟𝜀𝑟 .                                     (6)         

         

where Z is the impedance of the absorber medium, μr and 

εr are relative complex permeability and permittivity, d is 

the thickness of the absorbing layer, c is the velocity of 

light, and f is  the wave frequency.  

 

 
Fig. 1. X-ray diffraction patterns of doped barium 

ferrites Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2) 

powders. 

 

  

3. Results and discussion 
 
Fig. 1 shows the XRD pattern of the samples. The 

peaks for the doped Co2Y-type hexaferrites appeared at the 

same positions as those of the undoped ones, but with 

different intensities. The patterns revealed that single 

phase materials were formed that were similar to the 

standard XRD pattern of Co2Y-type hexaferrite 
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(Ba2Co2Fe12O22). The crystal structure was determined to 

be a single-phased rhombohedral with the space group 

being R-3m. The lattice parameters “a” and “c” for the 

pure Co2Y-type hexaferrite, Ba2Co2-x (MgZn)xFe12O22 

(x=0, 0.5, 1, 2), are determined and listed in Table 1, as 

shown in Fig. 2(a). The values of the pure one were 

different and near the value of the standard JCPDS 019-

0100 (a=5.8530 and c= 43.5090). 

It is known that there is a correlation between the 

ionic radius and its site occupancy with lattice parameters. 

As shown in Table 2, the total average radii of Mg
2+

 and 

Zn
2+

 for octahedral sites were lower than the ionic radius 

of Co
2+

, whereas the tetrahedral sites were close to it. 

Thus, with raising the doping concentration, the 

contraction in the lattice parameters was expected, but we 

observed anomalous behavior in the variation of 

the lattice parameters as shown in Fig. 2(a). This anomaly 

could originate from the different preference in site 

occupation of Mg
2+

 and Zn
2+

 when it substituted Co
2+ 

[26]. 

The metallic cations (Me) and iron ions could be 

distributed to six crystallographic sites: two tetrahedral 

sites (6cIV and 6cIV*) and four octahedral sites (3aVI, 18hVI, 

6cVI and 3bVI) as indicated in Table 3 [27,28]. It has been 

previously reported that Co
2+

 ions prefer to occupy 

octahedral sites (6cVI, 18hVI, 3bVI and 3aVI) [27], Zn
2+

 ions 

tend to occupy tetrahedral sites (6cIV and 6cIV*) [28,29] 

and Mg
2+

 tend to occupy octahedral sites (6cVI and 3bVI) 

[27,30]. The parameter ‘a’ was contracted for x=0.5 and 

expanded by raising doping concentration as depicted in 

Fig. 2(a). When Co
2+

 ions substituted with the Mg-Zn 

ions, Zn
2+

 ions preferred occupation of tetrahedral sites. 

Accordingly, Fe
3+

 ions in tetrahedral sites would migrate 

to the octahedral site. Occupation of Fe
3+

 and Mg
2+

 ions at 

the octahedral sites in place of the larger Co
2+

 ions led to 

the contraction of the ‘a’ parameter. On the contrary, by 

raising the doping concentration, the lattice distortion was 

increased, leading to the expansion of ‘a’ parameter.  

 

 
Fig. 2. a) The a (rectangle in green) and c ( circle in blue) lattice parameters vs. the amount of Mg-Zn dopants and 

b) the X-ray unit cell volume (rectangle in green) and X-ray density ( circle in blue) vs. the amount of Mg-Zn 

dopants. 

 

 

 

Table 1. Lattice parameters a and c, c/a ratio, X-ray unit cell volume and X-ray density vs. the amount of Mg-Zn 

dopants. 

 

x a (Å) c (Å) c/a V (Å
3
)  (g/cm

3
)ρ 

JCPDS 5.853 43.509 7.433 1290.82 5.35 

0 5.852 43.409 7.417 1287.72 5.47 

0.5 5.844 43.412 7.428 1284.16 5.46 

1 5.848 43.436 7.426 1286.73 5.42 

2 5.852 43.409 7.417 1287.72 5.36 
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Table 2. Electronic configuration and ionic radii of various cations in octahedral and tetrahedral coordination [31] . 

 

Metallic 

Ion 

 

Elect. 

Confi. 

Ionic Radius (Å) 

Octah. Tetra. 

Fe
3+a

 3d
5
 0.645 0.49 

Co
2+a

 3d
7
 0.745 0.58 

Mg
2+

 2p
6
 0.72 0.57 

Zn
2+

 3d
10

 0.74 0.6 

Mg-Zn
b
 --- 0.73 0.585 

a
On the assumption of high spin radius.   

b
Average of ionic radii in each coordination.  

 

 
 

Fig. 3. The distribution of particles for the un-doped and doped Co2Y-type barium hexaferrites a) x=0, b) x=0.5, 

 c) x=1 and d) x=2.  The particles had a hexagonal plate shape with the size of about 2 to 5 m. 

 

 
Table 3. Various metallic sub-lattices, coordination, block, the number of ions and spin orientation for the Y-type ferrite structure. 

Sub-lattice Coordination Block Number of ions 

per unit cell 

Spin 

6cIV Tetrahedral S 6 down 

3aVI Octahedral S 3 up 

18hVI Octahedral S-T 18 up 

6cVI Octahedral T 6 down 

6cIV* Tetrahedral T 6 down 

3bVI Octahedral T 3 up 

 

The parameter ‘c’ was expanded from x=0 to x=1and 

contracted for x=2 as depicted in Fig. 2(a). It can be 

explained by the weakening of the super-exchange 

interaction caused by replacing magnetic ions with the 

nonmagnetic ions [28]. The strongest super-exchange 

interaction was the 3bVI-6cIV*; moreover, the only 

appreciable perturbing interaction was 6cVI-6cIV*, both 

belonging to the T block. The entrance of a nonmagnetic 

ion in 3bVI sites might cause a drastic change in the 

magnetic order. The upper and lower parts of the unit cell 
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were linked by the strong interaction of these sites with six 

ions 6cIV*. Also, the partial substitution of iron ions in 6cVI 

sites resulted in breaking the inversion symmetry around 

3bVI sites. Accordingly, anti-symmetric interactions 6cVI-

3bVI and 18hVI-3bVI could be appreciable and the anti-

symmetric exchange vector had to be parallel to the c-axis 

[27] and the contraction in ‘c’ parameter for x=2 was 

observed. The distribution of particles for the un-doped 

and doped Co2Y-type barium hexaferrites (x=0, 0.5, 1     

and 2) are shown through the SEM images in Fig. 3. The 

images indicated that the particles had a hexagonal plate 

shape with the size of about 2 to 5 m. 

 

 
Fig. 4. Hysteresis loops measured at room temperature of Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2) samples. 

 

 

Fig. 4 shows the magnetic hysteresis loops of the 

samples at room temperature. The M-H loops indicated 

that all samples had a ferrimagnetic behavior. The Mg-Zn 

content dependence of the Ms and Hc is shown in Fig. 5 

and listed in Table 4. The Ms of the undoped sample (x=0) 

was 29 emu/g, consistent with the reported values [16,32].  

As shown in, Fig. 5 the anomalous behavior in the 

variation of the Ms with raising the amount of dopants was 

clearly observed.  This could be due to the different 

preference in the site occupation of Mg
2+

 and Zn
2+

 when 

they substituted Co
2+

. Also, this was found to be in 

agreement with the results of lattice parameters shown in 

Fig. 2 (a). As mentioned before, Zn
2+

 ions prefer 

occupation of tetrahedral sites 6cIV (spin down) and 6cIV* 
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(spin down) while Mg
2+

 tend to occupy octahedral sites 

6cVI (spin down) and 3bVI (spin up). When the magnetic 

ions in the spin down sites were replaced by the non-

magnetic ions, we expected an increase in the net 

magnetization. Also, substitution of the spin up sites 

caused the net magnetization decrease. Therefore, the 

reduction of Ms for x=1 and x=2 could be due to the 

occupation of 3bVI sites by Mg
2+

 ions. This was consistent 

with the reported values for Zn2Y-type [32-34] and Mg2Y-

type [27,35] hexaferrites. 

Values of the magnetic remanence (Mr) versus x are 

also listed in Table 4. By raising the amount of dopants 

from x=0 to x=0.5, Mr remained constant while it was 

decreased by the further amount of dopants. Mr is a strong 

function of the chemical composition, density and 

orientation. Therefore, it was expected that the decrease in 

the density of the ferrite or the substitution of the 

nonmagnetic ions would result in the reduction of Mr. Fig. 

2(b) shows a linear decrease in the unit cell X-ray density 

with an increase in the substitution level which is 

compatible with result in Table 4. 

Nevertheless, there was no change in Mr when x was 

varied from 0 to 0.5. This observation could be associated 

to the increase in the magnetization for x = 0.5. As the 

density was decreased, the magnetization increased. 

Therefore, there was probably a counterbalance between 

these opposite variations and consequently, Mr remained 

constant. Similar discussion have been reported by 

Jazirehpour et al. [36] for BaFe12-x(MgTi)xO19  (x=0, 1, 2) 

samples. In the rest of the x range, both magnetization in 

average and density had a decreasing trend, thus a making 

it inevitable for Mr.  

 

 
Table 4. Magnetic properties of Ba2Co2-x (MgZn)xFe12O22 

 (x=0, 0.5, 1, 2) powders at room temperature. 

 

x Ms 

(emu/g) 

Mr 

(emu/g) 

Hc 

(Oe) 

fFMR 

(GHz) 
 
(FMR) 

0 29 8.7 98 6.4 0.32 

0.5 35.5 9 70 5.7 0.48 

1 32 7.1 54 4.7 0.78 

2 34 4.6 23 3.1 0.96 

 

 

The behaviour of the coercivity was consistent with 

the general behaviour of the anisotropy field and saturation 

magnetization [37]. It is known that when a non-magnetic 

ion occupies the octahedral site, the magnetic anisotropy is 

reduced through either dilution of the off-centred Fe
3+

 sites 

or the reduction of their off-centering deformation [38]. 

Here, the occupation of Mg
2+

 in the octahedral Fe
3+ 

sites 

seemed to reduce the magnetic anisotropy. Moreover, it 

has been reported that the anisotropy field decreases with 

Zn
2+

 doping [26,28,33] although Zn
2+

 prefers to occupy 

the tetrahedral sites as mentioned before. Therefore, the 

reduction in the coercivity with the increasing amount of 

dopants(x) could be associated with the decrease in the 

anisotropy field. 

 

 
 

Fig. 5. Variation of saturation magnetization, Ms, and 

coercivity, Hc, versus the amount of Mg-Zn dopants (x). 

 

 

 

The complex r and r spectra of composite samples 

are shown in Fig. 6, from 300 MHz to 40 GHz. The 𝜇𝑟
  and 

𝜇𝑟
  values were increased by raising the amount of dopants 

while 𝑟
  and 𝑟

  demonstrated a slight change and weak 

frequency dependence within the frequency range. The 

conduction mechanism in ferrite could be attributed to the 

easy electron transfer between Fe
2+

 and Fe
3+

 as it had some 

effect on the permittivity. The observed decrease in 

magnetic permeability could be due to the reduction of Ms 

and Eddy current loss [39]. For the application in 

microwave absorption, the initial permeability (μi) of an 

absorber should be as high as possible, and the 

permeability of ferromagnetic materials can be expressed 

as [40]: 

 

𝜇𝑖 =
𝑀𝑠

2

(𝑎𝑘𝐻𝑐𝑀𝑠+𝑏𝜆 )
                                  (7) 

 

 

where a and b are two constants determined by the 

material composition, λ is the magnetostriction constant, 

and  is an elastic strain parameter of the crystal. It can be 

seen from equation (4) that both higher Ms and lower Hc 

are favorable to the improvement of the μi value, which in 

turn would enhance the microwave absorption. It is clearly 

observed in Fig. 5, that the Ms is increased and the Hc 

decreased with raising the amount of dopants(x) for 

Ba2Co2-x (MgZn)xFe12O22. It can be clearly seen in Fig. 3 

that particles had a hexagonal plate-shape. Therefore, the 

ferromagnetic resonance frequencies are reduced due to 

the demagnetizing contribution of plate-shape particles 

[41].  
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Fig. 6. The relative complex permittivity and permeability measured at room temperature of  

Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2) composite samples. 

 

 
Fig. 7. Optimal reflection loss plots of Ba2Co2-x (MgZn)xFe12O22 (x=0, 0.5, 1, 2) composite samples in different  

frequency bands: (a) S band, (b) C band, (c) X band and (d) Ku band. 
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This reduction in FMR was clearly seen in Fig. 6(d). 

The peak of resonance frequencies in 𝜇𝑟
  spectra appeared 

about 2 to 5 GHz with a broad band behavior, which was 

in agreement with previously reported works [41-43]. The 

relevant data for fFMR and 𝜇𝑟
 (FMR) are listed in Table 4. 

The value of 𝜇𝑟
  at ferromagnetic resonance was increased 

with amount of Mg-Zn. 

The optimal reflection loss plots of Ba2Co2-x 

(MgZn)xFe12O22 (x=0, 0.5, 1, 2) composite samples in 

different frequency bands are shown in Fig. 7. These plots 

were calculated with a computer code which found the 

optimal thickness for each material by receiving r and µr 

complex coefficients in different frequency bands based 

on the maximum RL bandwidth for -10 dB. The sample 

x=2 had some RL value below -10 dB at 72 and 100 

percent of S and C bands, respectively. Moreover, the 

composite sample with x=2 showed a good performance 

by absorbing intensity below -20 dB at 67 percent of the C 

band. Also, the sample x=1 had some RL value below -10 

dB at 100 and 58 percent of X and Ku bands, respectively. 

It was found that samples with x=1 and 2 performed better 

than the other two samples in terms of microwave 

absorption. 

 

 
 

Fig. 8. Reflection loss plots of Ba2Co2-x (MgZn)xFe12O22 

(x=0, 0.5, 1, 2)   composite    samples   in   two   different  

thicknesses, 2.5 mm and 5 mm, vs. frequency. 

 

Fig. 8 shows the frequency dependence of reflection 

loss of the composite samples with the thickness of 2.5 

and 5mm. It was clearly observed that Ba2Co2-x 

(MgZn)xFe12O22 (x=0, 0.5, 1, 2) composite materials could 

be applied as a wide bandwidth radar absorbing  or EMI 

material at different frequency bands. 

The analysis of a metal-backed ferrite layer revealed 

two matching conditions [44]. The first matching 

condition was due to the material properties, where the 

relative permittivity and relative permeability were equal 

to each other, while the second matching condition was 

due to the cancellation of the incidence and the reflected 

waves in the absorber layer when the thickness was equal 

to n/4, where n is an odd integer and  is the wavelength 

in the materials. It can be clearly observed in Fig. 6 that 

the values of permittivity and permeability were not equal. 

Accordingly, the first matching condition could not occur 

and all dips were related to matching thickness. 

  
4. Conclusion 
 

Single phase Co2Y-type hexaferrites Ba2Co2-x 

(MgZn)xFe12O22 (x=0, 0.5, 1, 2)  were synthesized with the 

particle size of about 2-5 m by the conventional solid 

state method. Magnetic properties of Co2Y-type 

hexaferrites doped with non-magnetic Mg-Zn dopants 

were characterized, and variation trends of magnetic 

parameters were studied. Variations of lattice parameters 

versus the substitution level, in addition to variation trends 

of magnetic parameters, were used to justify site 

occupancies of substituent elements and explain the 

magnetic properties. An anomalous behavior in the 

variation of the Ms and lattice parameters was observed 

with raising the amount of dopants, due to the different 

preference in the site occupation of Mg
2+

 and Zn
2+

 when 

they substituted Co
2+

. Also, the results showed that the 

saturation magnetization increased dramatically. The μ 

and μ values were found to increase by increasing the 

amount of dopants while  and  demonstrated a slight 

change and weak frequency dependence within the 

frequency range. The optimal reflection loss plots of 

composite samples in different frequency bands were 

calculated and the optimal thickness for each material was 

calculated based on the maximum RL bandwidth for -10 

dB. Compared with pure Co2Y-type hexaferrite, Mg-Zn 

doped Co2Y-type hexaferrite composites exhibited 

enhanced absorbing properties with good absorbing  

performance at S, C, X and Ku frequency bands.  
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