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Abstract. Barium M-hexaferrite were synthesized with Co-Ni doping ions (BaFe12-2xCoNixO19) using the co-precipitation 
method, based on the natural iron sand of the Loang Balok beach, Sekarbela District, Mataram, Indonesia. The synthesis 
was carried out with variations in the concentration of doping ions (x = 0.0, 0.6, and 1.0). The characterization of the sample 
was completed using XRD, SEM-EDX, TEM. The XRD results showed that the sample had a hexagonal structure because 
it had a c / value of 2.3 to 2.6. In contrast, SEM-EDX showed that the sample size of BaFe12CoNiO19 had reached the range 
of nanoparticles from 41 nm to 151 nm which was evenly distributed, with a composition of Ba = 12.22%; Fe = 49.1%; Co 
= 8.78%; Ni = 4.76%; and O = 21.37%, and slight impurities Cl = 3.77%. 

INTRODUCTION 

This research focuses on the synthesis of BaFe12-2xCoNixO19 based on natural iron sand to determine its structural 
properties. Furthermore, BaM (BaFe12O19) has been known to be a high-performance permanent magnetic material, 
theoretically possess a saturation magnetic of 72 em /g [1], the coercivity of 6700 Oe [2], Curie temperature of 502°C 
[3], good chemical stability, and corrosion resistance [4]. Besides, it has a hexagonal structure, with the same values 
for a and b = 5.8920Å, while c = 23.1830Åwas different [5]. 

Type-M hexaferrite MeFe12O19 (Me = Ba, Sr, Pb) is the earliest developed hexagonal ferrite class, which is also 
interesting to be studied because its magnetic properties are easily engineered according to the desired application [7]. 
However, this characteristic is modified by substituting Fe3+ ions with trivalent ions, including Cr, Al, Ga, In, Sc [8]. 
Besides, modifications are made by adding tetravalent ion combinations consisting of Ti4+, Ru4+, Zr4+, or Sn4+, with 
divalent varieties, such as varieties Ni2+, Co2+, Zn2+, Ti2+ or Sn2+ [9]. 

Barium M-hexaferrite in its application as a wave absorbent material must possess a low coercivity value, or be 
soft magnetic. Hence, substitution or drying is required. Moreover, there are two commonly used approaches for ionic 
exchanges. First, single-ion substitution approach, which has been conducted in previous studies, e.g., synthesized it 
by adding Ce doping [10], used La [11], adopted Eu [12], used Cu[13], Mn, and Ti, and utilized Sr and Mn [14]. The 
second, double ions method adopted in prior studies involving Co-Zn, Co-Mn, and Mn-Ni [15], Mn-Ti, Co-Ti, Ni-Ti, 
and Zn-Ti [16], and Co-Zn and Ni-Zn [17]. 

One possible technique used as co-precipitation contemporarily applied in the synthesis of inorganic compounds, 
based on the deposition of more than one substance together, after it passes the saturation point. This is widely 
employed by researchers, including the synthesis of BaM to determine its structural, electrical, and magnetic properties 
[18]; Determination of its magnetic properties [19]; Verifying the absorption properties of waves produced [20]; while 
ascertained the magnetic properties [21,22].  

Many studies used the co-precipitation method due to its various advantages. Those advantages include comprising 
the requirement of low temperature, ease of particle size control; hence, the time needed is relatively shorter, and its 
ability to produce homogeneous particle size in the nano order. Doping applied as cobalt (Co) and nickel (Ni) metals, 
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included in period four transition elements, and precisely in group VIIIB elements. Furthermore, their horizontal 
similarity is greater than the vertical, the elements’ nature picture was based on the horizontal group of each of the 
three, termed triads, according to the nomenclature of the best-known element. Therefore, there are iron, palladium, 
and platinum triads, respectively, known that Co and Ni tend to possess the same characteristics. Furthermore, some 
investigations employed the use of either metal as doping to reduce BaM properties, e.g., Ni [23,24]; Co-Ti alloys 
[25]; and Zr-Co [26].  

METHODS 

The synthesis of BaFe12-xCoxNixO19 was carried out with variations in the Co-Ni doping mole fraction, x = (0.0; 
0.6; and 1.0). Meanwhile, Fe3O4 was dissolved in HCl, using a magnetic stirrer at 70 °C for 30 minutes, and BaCO3 
was also diluted into HCl solution by using a magnetic hot plate stirrer at 70 °C for 120 minutes. Furthermore, 
CoCl2.6H2O and NiCl2.6H2O were powdered for each mole fraction (x = 0.0; 0.6; and 1.0) in H2O, through the use of 
magnetic stirrers until they were completely dissolved or homogenized. Subsequently, all these solutions were mixed 
and stirred for 45 minutes until homogeneous. Therefore NH4OH 6.5 M was dripped slowly until a precipitate was 
formed, and the sediments filtered with a filter paper and wash with distilled water until pH = 7 was achieved. Besides, 
the precipitates were dried at 80 °C for 4 hours, and sequentially ground to the point where the smooth precursor is 
calcined at temperature variations (T = 400, 600, 800 and 1000 °C) and further characterized using XRD, SEM-EDX, 
TEM. 

RESULTS AND DISCUSSION 

Results from XRD Characterization 

Characterization using XRD was performed on samples, BaM doping x = 1.0 (BaFe10Co-NiO19) mole fraction at 
800 °C. The data obtained from XRD were X-ray diffraction intensity, and the two angles depicted in the graph showing 
the relationship and function, as shown in Fig. 1. The pattern also illustrated several parameters, e.g., scattering angle 
(2θ) and particle size (D) for variations in doping composition, including each -one as shown in Table 1. 

 

TABLE 1. Lattice constants, c/a, unit cell volume and particle size of the BaFe12-2xCoxNixO19 

Sample Value a = b (Å) Value c (Å) c/a Cell volume (Å3) Particle Size (Å) 

x = 0.0 5.0287 13.4346 2.671585 339.7317 296.48 

x = 0.6 5.7591 13.7134 2.381171 454.8355 376.25 

x = 1.0 5.8602 13.7453 2.345534 472.0403 401,85 

 

 

FIGURE 1. XRD pattern result of the BaFe10Co-NiO19. 

 
 

Mess data Co-Ni (1.0 800C) 
Barium Iron Oxide 
Hematite 
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The results are shown in Fig. 1, indicating that the dominant phase formed was Barium Iron Oxide (BaFe12O19) 
and Hematite (Fe2O3). Besides, the scattering angle data, interplanar distance, FWHM value, and particle size for each 
were listed in Table 1. Fig. 1 showed the formation of not only BaFe12O19 but also the Fe2O3 phase. According to [27], 
the presence of the latter is a natural phenomenon that occurs as a result of “in principle” iron oxide (Fe3O4) particles 
experiencing rapid oxidation. This is, however, unavoidable during synthesis, as other oxides or sub-oxides existed 
on the surface. This corresponds to a report of the Fe2O3 phase as stable for iron (III) oxide, derived from the heating 
process of the magnetite (Fe3O4) during synthesis [28]. Meanwhile, at temperatures of about 250 °C maghemite was 
formed, which dominated at 350 °C, while at 450 °C the composition of the phase began to decline, thus, at 550 °C, 
it changed into hematite, which prevailed at 700-800 °C [29]. Besides, to obtain a single-phase BaM, calcination must 
be carried out at temperatures above 800 °C, because previous research reported a single-phase being formed at 1100 °C 
and 1200 °C [30]. In Fig. 1 it is clear that the greater the amount of Co-Ni doping, the larger the particle size while 
the smaller c/a ratio [31]. 

Results of SEM-EDX Characterization 

Characterization by SEM-EDX was carried out for BaFe10Co-NiO19 samples calcined at a temperature of 800 °C. 
The data of the distribution spectrum of the elements contained obtained in the form of graph and the number of 
sample elements in the percentage, as shown in Fig. 2. Fig. 2 and 3 show the results of SEM-EDX characterization 
for BaFe10Co-NiO19 samples that were calcined at 800 °C. Based on Fig. 2a and 2b, the particle size was in the nano 
order range, from 41 nm to 151 nm. Fig. 2. illustrates the morphology of the sample at a magnification of 20000 and 
5000 times to look like evenly distributed grains or lumps, some of which overlap and form a pore. 

 

  
(a) (b) 

FIGURE 2. SEM results of BaFe10Co-NiO19 with a) 20000 and b) 50000 magnification 

 

 
FIGURE 3. Composition diagram of BaFe10Co-NiO19 

 
SEM image analysis has not been able to recognize each sample constituents directly, therefore, further 

characterization is required using EDX.  The composition diagram of the BaFe10Co-NiO19 was shown, which indicated 
the elements in the composition of the sample to be Fe (49.1%), as shown, while O (21.37%), Ba (12.22%), Co 
(8.78%), Ni (4.76%), and little impurity of Cl (3.77%), followed respectively. Meanwhile, Co and Ni did not appear 
in the test using XRD because their percentage was relatively insignificant. However, the impurity (Cl) was derived 
during co-precipitation reactions, which did not evaporate entirely at 800 °C. 
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Results of TEM Characterization 

Characterization with TEM was conducted as SEM-EDX on BaFe10Co-NiO19 calcined at 800 °C, and the data 
obtained are presented in Fig. 4. 

 

  

FIGURE 4. Results of TEM of the BaFe10Co-NiO19 

 
Figure 4 shows the results of characterizing calcined samples at 800 °C, with the use of TEM, aimed at observing 

the barely visible crystal structure formed while using SEM-EDX, due to its higher resolution. Based on these images, 
hexagonal components were observed and circled in red lines. The structure formed in this sample was hexagonal 
because the less than 3.98 c/a ratio [32, 33]. This further strengthens the outcomes of XRD analysis, depicting 
hexagonal structures that were based on lattice constant ratio c/a, in the range of 2.3 to 2.6.  

CONCLUSION 

Based on the results of the research and discussion, the synthesis of natural iron sand based BaFe12-2xCoxNixO19 
samples resulted dominantly in barium iron oxide and hematite phases. Furthermore, it also possesses a hexagonal 
crystal structure, with a = b = 5.8602 Å, and c = 13.7453 Å, as well as particle size in the nano order range between 
41 - 151 nm. 
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