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Abstract 
 

In this study, the Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductors with x = 0.0, 0.05, 0.1, 0.15, 

0.2, 0.25, and 0.3 were synthesized at annealing times of 32, 48, 64 h using a sol-gel method. 

Then, the effect of Ba doped, the annealing times, ac magnetic fields and frequencies in 

 the improvement of the coupling between grains of the Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy 

(BPSBCC) superconductors were studied. In order to determine annealing temperature, TGA 

analysis of x = 0.0 was performed. The structural and ac magnetic susceptibility prepared 

samples were characterized using an X-ray diffraction, an ac susceptometer and scanning 

electron microscopy (SEM). The results of ac magnetic susceptibility and structural of the 

samples indicated that the improvement of the coupling between grains and the stability of 

the Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductors with value of x = 0.2 at 845 C for 48 h have 

been increased.  

Keywords: Bi-based superconductor; Ba substitution; Magnetic susceptibility; XRD; 

Frequency; Sol-Gel 

PACS: 74.72.Hs 

1. Introduction 

The high-temperature cuprate superconductors are classified into several categories such 

as La2-xMnxCuO4 (LMCO), YBa2Cu3O4+ (YBCO), based compounds Bi, Ti, Hg with the 

general formula AM2Can-1CunOx where A = Bi, Tl and Hg and M = Ba or Sr. Among the 
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cuprate superconductors, the Bi-based superconductor with general formula Bi2Sr2Can-

1CunO2n+4+ with n = 1, 2 and 3 is very much considered. Here, n = 1, 2 and 3 refers to the 

number of CuO2 layers incorporating and indicates the number of the main phase [1]. The 

structure of the Bi-based superconductor is a peroveskite structure. The unit cells this 

superconductor is depended on the number of copper oxide plates along the c axis. Therefore, 

the unit cell of this superconductor consists of a chain of pages in form (BiO2)2 – Can-1- 

(CuO2) n. So the number of pages of the CuO2 is increasing with n increases [2]. Also, the 

structure of Bi-based superconductor contains three main phases which are called the  

Bi-2201 phases (n = 1, Tc 20K), the Bi-2212 phase (n = 2, Tc 85K) and the Bi-2223 phase 

(n = 3, Tc 110 K). Here, we have used the abbreviation Bi-2201, Bi-2212 and  

Bi-2223 phases for n =1, 2 and 3, respectively. In these three phases, the Bi-2223 phase is the 

most attractive, because it has the highest superconducting transition temperature, Tc about 

110 K [3, 4]. However, the Bi-2223 single-phase is difficult to obtain due to the coexistence 

of the Bi-2223 phase with Bi-2201, Bi2212 phases, and possible impurities. Formation of  

Bi-2223 phase and the improvement of the intergranular weak links are influenced by many 

preparation conditions such as annealing time, annealing temperature, type and quantity of 

substitution, and operational procedures. Therefore, the major limitations of the Bi-2223 

phase superconductor application are the intergranular weak links and the presence of 

residual secondary phases. Guo et al revealed that the Bi-2201 phase was located mainly 

between the superconducting grains, preventing the super-current flow [5]. The ac magnetic 

susceptibility is widely used for the determination and characterization of the intergranular 

component in high-Tc superconductors [6]. It has been shown that the dependence of ac 

magnetic susceptibility on the ac field amplitude (Hac) was determined by the pinning 

strength parameter [7, 8]. A tremendous effort has been applied to improve the links between 

the grains and the properties of the Bi-based superconductor, doping them by various 
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elements such as Pb and Sb [9, 10], Ag [11, 12], Cd [13, 14] and CdO nanoparticles [15]. 

Mubeen and et al have been studied the substitution of cerium (Ce) on the calcium site of the 

nominal compositions of Bi1.6Pb0.4Sr1.6Ba0.4 (Ca1−x Ce x) 2 Cu3Ox ceramic superconductor 

using the sol-gel method [16]. It seems that the doping of Ba on the ac magnetic 

susceptibility properties of the Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor synthesized by the 

sol-gel method has not been properly studied. Solid-state reaction (SSR) method is the oldest, 

simplest and still most widely used for preparing polycrystalline materials. This method is 

intrinsically slow because the formation of the superconductivity phase proceeds via 

diffusion in the solid-state. Multiple grindings and prolonged thermal treatment at high 

temperature are necessary to obtain a single phase. To achieve better mixing of the initial 

products, many chemical preparation techniques for precursors have been developed. The 

most popular and interesting method is carried out by the sol-gel reaction (SGR). It is well 

known that the SGR method is superior to the SSR in terms of chemical homogeneity and 

chemical reactivity, which is an important requirement in obtaining optimal superconductor 

ceramics. In this respect, wet chemical methods have increasingly been used in the 

fabrication of high temperature ceramic superconductors and compared to solid-state 

methods, the chemical routes effectively replace the time-consuming and laborious 

conventional processes, avoiding contamination, loss of stoichiometry and allowing a better 

control on particle size and morphology. Moreover, the starting solution in the sol-gel 

method is a homogeneous mixture of the metal ions in the desired stoichiometry ratio. By 

using the SGR method, not only does the phase purity improves, the grain size also decreases 

[17, 18]. Study of superconductivity properties of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor 

synthesized by the sol-gel method in this research indicated that the optimum annealing time 

is t = 48 h, whereas for example in the solid-state reaction (SSR) method, annealing times are 

t = 270 h [6], t = 170 h [2] and t = 96 h [19]. In this work, we have systematically studied the 
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effects of Ba substitution for Sr in Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor with x = 0.0, 

0.05, 0.1, 0.15, 0.2, 0.25, and 0.3 by the sol-gel method and the ac magnetic susceptibility 

and structural properties of the samples were studied. 

 2. Material and methods 

Samples of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy with x = 0.0, 0.05, 0.1, 0.15, 0.2, 0.25, and 0.3, at 

respective annealing times of 32, 48, 64 h were prepared using a sol-gel method. In order to 

prepare Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy using the sol-gel method, the high-purity raw materials of  

Bi(NO3)2. 5H2O, Pb (CH3COO)2. 3H2O, Sr(NO3)2. 0.5H2O, Ba(NO3)2.0.5H2O, Ca 

(CH3COO) 2. H2O, Cu (CH3COO)2. H2O and acetic acid were used as precursors. The 

required quantities of reagents were weighed (m = 10-4 mg). First, the Bi (NO3)2.0.5H2O in 

acetic acid (100 %) was solved. Afterward, Sr(NO3)2.0.5H2O, Ba(NO3).0.5H2O, 

Ca(CH3COO)2.H2O, Cu(CH3COO)2.H2O, and ammonium hydroxide (25 %) were dissolved 

and this solution was added to the initial solution. Also, Pb (CH3COO)2. H2O was separately 

dissolved in deionized water and added to the previous mixture. In order to the form of a 

homogenized solution; the entire dissolved mixture was stirred with 3 h by a magnetic stirrer. 

To prevent deposition of the solution, the pH value of the solution was adjusted at 5.5 with 

ammonia hydroxide (25 %). A concentrated gel was formed by heating the solution at 70 C. 

The gel was placed in the electric oven at 110 C until it turned into a dry-gel. By increasing 

the temperature, ammonium hydroxide and nitrate groups were released and as a result, the 

whole citrate complex was consumed. In order to prevent the growth of additional phases 

during the process, the dry-gel was annealed at 820 C for 15 h in the air. The powders were 

taken out from the furnace, re-ground, and pressed (at 447 M Pa) into the shape of bars. The 

bars were sintered in the air at 845 C for annealing times of 32, 48, and 64 h. The XRD 

patterns were performed ( = 110-3 degree) using a Philips X-ray diffractometer Model 

PW1840 to investigate the structural properties. The ac magnetic susceptibility 
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measurements were performed ( = 110-4) using a Lake Shore ac susceptometer, Model 

7000.  

3. Results and discussions 

Fig. 1 shows the thermo-gravimetric analysis (TGA) and differential thermal analysis (DTA) 

curve of the dry- gel precursor of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor with x = 0.0 by a sol-

gel method. During heat treatment of the samples, several processes such as dehydration, 

decomposition, and sintering take place. The TGA curve reveals six distinct steps of weight loss. The 

first step weight loss within the temperature range from 96 °C to about 256 °C is associated with 

the elimination of water and evaporation of volatile organic compounds remaining in the sample. 

The second step weight loss from 256 °C to 384 °C is mainly caused the burning of nitrates and 

organic compounds in the sample. The third step weight loss from 384 °C to about 565 °C could be 

due to the elimination of all acetates in the sample. The fourth step weight loss from 565 °C to 631 °C 

has a phase which is due to the formation beginning of Bi-2201 phase. The fifth step weight loss from 

631°C to 858 °C is related to the formation of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor.  In the 

sixth step from 858 °C to about 1201°C, very low weight loss has been observed, which is due to 

removal of elements in the Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy composition and the gradual formation 

of additional phases. From Fig. 1 we see that the DTA curve has two endothermic peaks 

around 577 °C and around 1050 °C and two exothermic peaks around 240 °C and 345°C. The 

endothermic peak at 577 °C is due to the formation beginning of Bi-2201 phases. The endothermic 

peak at 1050 ºC is attributed to the decomposition of elements in the sample and the gradual 

formation of additional phases. The exothermic peak at 240 ºC can be due to burning and 

decomposition of nitrates and other organic compounds. The exothermic peak at 345 ºC can be due to 

the elimination of all acetates in the sample [20, 21].  

The XRD patterns of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy annealed at 845 °C with annealing times of 32, 

48, and 64 h are shown in Fig. 2. Based on our XRD measurements, we observed that the 

substitution of Ba for Sr in the sample with an amount of x = 0.2 cause an increase in the 
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fraction the Bi-2223 phase, which this increase probably is related to the creation of a liquid 

phase in the sample. With increasing of x  0.2, the volume fraction of the Bi-2223 phase 

decreases. The XRD patterns of samples with x = 0.2 and annealing times of  32, 48, and 64 

show that with increased annealing up to 48 h, a fraction of the Bi-2223 phase increases. The 

volume fraction of the phases can be estimated with relation 1 [22]. The volume fractions of 

the phases for all samples are given in the Tables 1-3. As shown in the Tables 1-3, the 

maximum volume fraction of the Bi-2223 phase is obtained for the sample with x = 0.2 and 

an annealing time of 48 h. The lattice parameters of the samples with Ba contents of x = 0.0, 

0.1, 0.2, and 0.25 at an annealing time of 48 h and also samples with annealing times of t = 

32, 48, and 64 with x = 0.2 were calculated and are given in the Tables 4 and 5. The results 

of Tables 4 and 5 reveal that the volume of the unit cell and lattice parameter of the doped 

sample increase compared to those of the undoped samples, which indicate substitution of Ba 

for Sr.  
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Figure 3- (a), (b) and (c) show SEM micrographs for the samples with amounts of  

Ba of x = 0.0, 0.2 and 0.3 with annealing time of 48 h. It seems that with increasing the 

amount of Ba (x = 0.3) leads to the formation of a liquid phase that act as an insulating layer 

around the superconductor grain. Also, for the amount of x = 0.0 leads to the formation of 

more pores. These pores act as a weak links between the grains. These pores and insulators 

layers destroy grains connectivity and disrupt current flow. It can be seen from Figure 3- (b) 
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which weak links between the grains in the sample with x = 0.2 are better than those that of 

the other doped and undoped samples. 

Figure 4a shows the temperature dependence of the real (   ) and imaginary (   ) parts of ac 

magnetic susceptibility for samples with Ba contents of x = 0.0, 0.1, 0.2, 0.25 and 0.3 and an 

annealing time of 48 h in the ac field of 0.0628 Oe with a frequency of 333 Hz which is 

applied parallel to the long dimension of the samples. In particular, the imaginary component 

(   ) of the ac magnetic susceptibility has been widely used to probe the nature of the weak 

links in polycrystalline superconductors. The real part of the ac magnetic susceptibility (   ) 

in the polycrystalline samples shows two drops as the temperature is lowered below the onset 

of the diamagnetic transition and correspondingly the derivative of the   (T) displays two 

peaks. The first sharp drop at the critical temperature is due to the transition within the grains 

and the second gradual change is due to the occurrence of the superconducting coupling 

between the grains. The imaginary part (   ) shows a peak which is a measure of the 

dissipation in the sample. When the peak of (   ) shifts to lower temperatures and broadens, 

the intergranular coupling between the grains decreases and destroy the superconductivity of 

the samples (x = 0.0, 0.3) [23, 24].  According to the data given in this Figure, it can be 

concluded that the onset critical temperature of the samples is about 108 K. Although the 

intragranular critical temperature of the samples is almost the same, but the intergranular 

critical temperature it occurs at different temperatures. It can be seen from the curves that the 

intergranular coupling between the grains of the samples is increased with increased Ba 

content up to x = 0.2. Therefore, the intergranular transition temperature and coupling 

between the grains of the sample with x = 0.2 occur at a higher temperature than that of the 

undoped sample (x = 0.0). For samples with x  0.2, the superconductivity properties such as 

the ac magnetic susceptibility, intergranular transition temperature, and coupling between 

grains were decreased (x = 0.3). Therefore, it can be concluded that the diamagnetic and 
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conductivity properties and weak links between the grains in the sample with x = 0.2 are 

better than those that of the other doped and undoped samples [25, 26]. 

Figure 4b shows the results of the ac magnetic susceptibility measurements of the sample 

with x = 0.02 and annealing times of 32, 48, and 64 h for an ac magnetic field of 0.0628 Oe 

with a frequency of 333 Hz. From Figure 4b, it can be seen that with increasing annealing 

time up to 48 h, the peak of shifts to higher temperature. These results indicate that the 

intergranular coupling between grains have been increased up to 48 h. The  curves show 

that two phases are present in each case and these shifts towards the right of the temperature 

scale after each annealing time. The diamagnetic transition in (T) occurs sharply in the first 

phase and this diamagnetic transition increases with an increase in annealing times. The slow 

transition in the case of the second phase is reflected from the granular structure of the 

material with weak links in the intergranular regions. The first phase is referred to as the  

Bi-2223 phase for all of the annealing times. The second drop in (T) for 32 and 64 h 

annealing times is observed while the Bi-2223 phase in this region has fallen.  For 48 h 

annealing time, the second phase was far from the expected, so it can be safely stated that 

this second drop in (T) is due to intergranular coupling transition. The magnitude of the 

diamagnetic increased with increasing annealing time up to 48 h, which shows an increase in 

a superconducting fraction; however, an actual estimate of the superconducting fraction is 

not possible. The sample with 64 h annealing time has the weakest magnitude of the 

diamagnetic among all the samples. This implies that step-wise annealing time is more 

favorable for magnetic properties of the superconductor [27, 28, 29]. 

Figure 4c shows the results of ac magnetic susceptibility measurements for the sample with  

x = 0.2 and an annealing time of 48 h for various ac fields with a frequency of 333 Hz. AC 

losses in the type II superconductors arise from viscous flux flow motion and hysterics due to 

pinning of flux vortices [30]. Many researchers have observed that the complex ac magnetic 
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susceptibility of high-Tc superconductors is strongly dependent on the ac magnetic field 

amplitude (Hac). It has been shown that the dependence of ac magnetic susceptibility on ac 

field amplitude (Hac) is determined by the pinning strength parameter. It is clear from Figure 

4c that as the field increases the peak of    shifts to lower temperatures and broadens. 

Therefore, with increasing ac magnetic fields, superconductivity of the samples is quenched. 

 The peak temperatures (Tp) for x = 0.2 with different ac magnetic fields are shown in Fig. 5. 

It can be seen in the Fig. 5 that with increasing ac magnetic field amplitude, peak temperature 

(Tp) shifts to lower temperature.  The intergranular peak shifts to lower temperature as the ac 

field amplitude increases for the samples studied as reported previously [31, 32, 33]. 

According to these data, it is clear that the penetration of ac field and the shielding current 

into the center of the sample take place below the superconducting transition temperature of 

the sample in the presence of the ac magnetic fields. From Fig. 5 one can see that for the 

fields above 5.026 Oe the superconductivity properties of the drop in comparison with others. 

Figure 6 shows the results of ac magnetic susceptibility measurements for the sample with Ba 

content of x = 0. 2 and an annealing time of 48 h with different frequencies of f = 33, 333, 

666, and 1000 Hz for a field of 0.0628 Oe. Many researchers such as Muller have observed 

that the complex ac magnetic susceptibility of high-Tc superconductors is weakly dependent 

on the frequency and strongly on the amplitude of ac magnetic field.  

From Figure 7a, it can be seen that with increasing frequency, the peak temperature (Tp) of 

the imaginary part () slightly goes high temperature. Also, it can be seen that with 

increasing the amplitude of ac magnetic field the peak temperature (Tp) of the imaginary part 

() goes high temperature (Figure 7b) [34].  

In order to reach full flux penetration, the effective intergranular pinning force density must 

be weakened. Since the pinning force density weakens with increasing temperature, the peak 
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temperature (Tp) must increase with increasing frequency. The maximum   (T) is at a 

frequency given by the following relationship:   

 









TK

U
ff

B

exp0                                                                                                        (2) 

In the above equation, 0f is an attempt frequency and U  is the activation energy for 

flux creep.  

Fig. 8 shows a plot of ln f vs. 1/Tp for the sample with x = 0.2, Hac = 0.0628 Oe, and an 

annealing time of 48 h. The value of BKU /  can be obtained from the slope plot of Fig. 

8, where activation energy for this sample is U = 29.44 10-20 (J) [35, 36].  

 

4. Conclusions 

 
The role of the sol-gel method and doping of Ba in the drastic reduction of the annealing time 

and the improvement of the coupling between grains of Bi1.6Pb0.4 Sr2-xBaxCa2Cu3Oy 

superconductor was investigated. For example, the study of superconductivity properties of 

Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy superconductor synthesized by the sol-gel method in this research 

indicated that the optimum annealing time is t = 48 h, whereas in other fabrication methods 

such as the solid-state reaction (SSR) method, annealing times are t = 270 h or 190 h. From 

XRD results, we can conclude that the sample doped with Ba having x = 0.2 at annealing 

time of 48 h, showing an increased in the percentage of the Bi-2223 phase. Also, the lattice 

parameter and volume of the unit cell of doped samples were increased with respect to 

undoped samples, which shows that Ba has been substituted by Sr. It can be seen from SEM 

images which weak links between the grains in the sample with x = 0.2 are better than those 

that of the other doped and undoped samples. The results of ac magnetic susceptibility 

measurements for the samples show that the diamagnetic fraction and coupling between the 

grains in the sample with Ba content of x = 0.2 and an annealing time of 48 h is higher than 
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those in the other samples. The results of ac magnetic susceptibility show that with 

increasing ac field, the peak of  shift lower temperature and consequently coupling 

between the grains decreases. Although, with increasing frequency, there is no significant 

change in the real part ac magnetic susceptibility, but the imaginary part shows a slight shift 

to higher temperature. In this regard, the frequency dependence of ac magnetic susceptibility 

can be attributed to intergranular flux creep or magnetic relaxation.  
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Figure 1:  TGA and TDA curves for the gel dried at 110 . 

 

Fig. 2a: XRD patterns of samples with Ba contents of x = 0.1, 0.2, 0.25, and an annealing 

time of 32 h. 
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Fig. 2b: XRD patterns of samples with Ba contents of x = 0.0, 0.1, 0.2, 0.25, and an 

annealing time of 48 h. 

 

Fig. 2c: XRD patterns of samples with Ba contents of x = 0.1, 0.2, 0.25, and an annealing 

time of 64 h. 
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Fig. 3: The SEM micrographs of samples with different amounts of Ba: a) 0.0, b) 0. 2, 

and c) 0.3 with annealing time of 48 h. 

 

Fig. 4a: Temperature dependence of the magnetic susceptibility for samples with 

different Ba contents, Hac = 0.0628 Oe, f = 333 Hz, and an annealing tame of 48 h. 
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Fig. 4b: Temperature dependence of the magnetic susceptibility under different annealing 

times, Hac = 0.0628 Oe, f = 333 Hz, and x = 0.2.   

 

 

Fig. 4c: Temperature dependence of the magnetic susceptibility under different ac 

magnetic fields, x = 0.2, f = 333 Hz, and an annealing time of 48 h.   
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Fig. 5: Plot of ac magnetic field (Hac) vs. peak temperature (Tp). 

 

Fig. 6: Temperature dependence of the ac magnetic susceptibility under different 

frequencies, Hac = 0.0628 Oe, f = 333 Hz, and an annealing time 0f 48 h. 
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Fig. 7a: Temperature dependence of imaginary part of the ac magnetic susceptibility 

under different frequencies 

 

Fig. 7b: Temperature dependence of imaginary part of the ac magnetic susceptibility 

under different ac magnetic fields, x = 0.2, f = 333 Hz, and an annealing time of 48 h. 
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Fig. 8: Plot of ln f vs. 1/Tp. 
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Table 1: Relative volume fractions of Bi-2223, Bi-2212, Bi-2201, and PbO of 
Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy samples with an annealing time of t = 32 h. 

0.25 0.2 0.1 x 

54.64 62.94 39.88 Bi-2223 
21.72 15.38 48.26 Bi-2212 
16.09 14.40 11.86 Bi-2201 
7.55 7.28 0.0 PbO 

 
Table 2: Relative volume fractions of Bi-2223, Bi-2212, Bi-2201, BaBiO3 and PbO of 

Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy samples with an annealing time of t = 48 h. 

 
0.25 0.2 0.1 0.0 x 

55.09 69.01 44.07 43.15 Bi-2223 
27.14 18.93 42.10 44.49 Bi-2212 
7.91 4.02 7.26 7.54 Bi-2201 
7.88 7.28 6.57 4.82 PbO 
1.98 1.76 0.0 0.0 3BaBiO 

Table 3: Relative volume fractions of Bi-2223, Bi-2212, Bi-2201, and PbO of 
Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy samples with an annealing time of t = 64 h. 

0.25 0.2 0.1 x 
37/47 40.34 21.56 Bi-2223 
33.17 39.69 44.88 Bi-2212 
23.23 14.11 27.08 Bi-2201 
6.13 5.86 6.49 PbO 

 
Table 4: Lattice Parameters of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy samples with an annealing 

time of t = 48 h. 

 

 
Table 5: Lattice parameters of Bi1.6Pb0.4Sr2-xBaxCa2Cu3Oy samples with a Ba content of x 

= 0.2 
 

t(h) 32 48 64 
a (Å) 5.4208 5.4068 5.4178 
b (Å) 5.3712 5.3948 5.4823 
c (Å) 36.9396 37.0255 36.9078 

 

0.25 0.2 0.1 0.0 x 
5.4617 5.4068 5.4296 5.4065 a (Å) 

5.3035 5.3948 5.3814 5.3951 b (Å) 

37.0851 37.0255 36.6711 30.4954 c (Å) 



Figures

Figure 1

TGA and TDA curves for the gel dried at 110 .

Figure 2

XRD patterns of samples with Ba contents of x = 0.1, 0.2, 0.25, and an annealing time of 32 h.



Figure 3

XRD patterns of samples with Ba contents of x = 0.0, 0.1, 0.2, 0.25, and an annealing time of 48 h.

Figure 4

XRD patterns of samples with Ba contents of x = 0.1, 0.2, 0.25, and an annealing time of 64 h.



Figure 5

The SEM micrographs of samples with different amounts of Ba: a) 0.0, b) 0. 2, and c) 0.3 with annealing
time of 48 h.



Figure 6

Temperature dependence of the magnetic susceptibility for samples with different Ba contents, Hac =
0.0628 Oe, f = 333 Hz, and an annealing tame of 48 h.

Figure 7

Temperature dependence of the magnetic susceptibility under different annealing times, Hac = 0.0628 Oe,
f = 333 Hz, and x = 0.2.



Figure 8

Temperature dependence of the magnetic susceptibility under different ac magnetic �elds, x = 0.2, f = 333
Hz, and an annealing time of 48 h.

Figure 9

Plot of ac magnetic �eld (Hac) vs. peak temperature (Tp).



Figure 10

Temperature dependence of the ac magnetic susceptibility under different frequencies, Hac = 0.0628 Oe, f
= 333 Hz, and an annealing time 0f 48 h.

Figure 11

Temperature dependence of imaginary part of the ac magnetic susceptibility under different frequencies



Figure 12

Temperature dependence of imaginary part of the ac magnetic susceptibility under different ac magnetic
�elds, x = 0.2, f = 333 Hz, and an annealing time of 48 h.

Figure 13

Plot of ln f vs. 1/Tp.


