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Introduction:
      The magnetic properties of hexagonal barium ferrite, (BaFe12O19), have been intensively investigated as a material for permanent magnets, high-density recording media, and microwave devices (Hibst 1988 and Zeina et al: 1992). When various combinations, such as Co–Ti or Co–Sn, are substituted for some iron in barium ferrite particles, the magnetic properties substantially changes which greatly affects the magnetic stability in the media, which results in a time- dependent magnetic behavior. This time-dependent behavior is well known as the magnetic relaxation (Chantrell, 1991). Generally, at relatively high temperatures,
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the instability is produced by thermal activation that overcomes energy barriers between the metastable states. For a system with a single energy barrier, the magnetization relax following:
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      where M0 is the initial magnetization and 
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 is the characteristic time of relaxation which usually evaluated from Arrhenius Neel law (Neel 1955): 


[image: image3.wmf])

10

(

9

0

0

s

e

KT

E

-

D

=

=

t

t

t

                      (2)

      where 
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 is the energy barrier which depends on anisotropy field and applied field. 

      The time dependence of magnetization can be generally approximated with the logarithmic law (Ong et al: 2000): 
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      where 
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 is a constant; 
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 is the viscosity of the material and is applied field dependent. According to Street and Woolley (Street et al: 1949), 
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      where 
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 is the irreversible susceptibility. The idea of fluctuation field led to the concept of activation volume (
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) which is usually defined by (Wohlfarth 1984): 
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      where, 
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 is Boltzmann’s constant, 
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 is the absolute temperature and 
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 the saturation magnetization (Ong et al: 2000).

      In this paper, we report the interaction effects and magnetic relaxation study on diluted with glucose BaFe10.48Co0.76Ti0.76O19 powder systems. Influence of dilution with glucose on the mean effective anisotropy field (Hkeff), magnetic viscosity coefficient, fluctuation field and activation volume was examined. The influence of inter-particle interactions is also discussed.

Experiment:

      In this work, the samples examined were in the form of a substituted barium ferrite powder (BaFe12-2xCoxTixO19) with x = 0.76. The powder contains particles with an average diameter of 54.4 nm and average thickness of 14.4 nm, the saturation magnetisation of the bulk material (Msb=325 emu/cm3). These powders were prepared by the conventional glass crystallization method. Detailed preparation process, geometric and magnetic characterization of these systems was studied by (El-Hilo et al: 1994). Samples with different concentration were prepared by mixing the original powder with a nonmagnetic host (Glucose). The mixture was ground using a pestle and mortar until it became homogeneous and was then compressed (at 10 tons/sq inch in to disks, 1cm in diameter). Room temperature measurements of hysteresis loops, remanence curves and time dependence curves were measured using an ultra sensitive vibrating sample magnetometer (VSM model MicroMagTM 3900 of Princeton Measurement Corp.) with a noise base of 5x10-6emu. Full characterizations of the samples examined in this work are shown in Table (1).

Table (1): Sample characterization determined from VSM measurements.

	Concentration 
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	Saturation magnetisation 
[image: image17.wmf]s

M

 (emu/g)
	BaFe : Glucose
	Sample

	1
	Mso= 68.14 
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	1 : 0
	B1

	0.46703
	31.826 
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	1 : 1
	B2

	0.08097
	5.517 
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	1 : 10
	B3

	0.0435
	2.964
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	1 : 20
	B4

	0.01661
	1.131
[image: image22.wmf]3

610

x

-

±


	1 : 50
	B5

	0.00902
	0.614
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	0.00461
	0.313
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	0.00284
	0.193
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      The time dependences of the magnetization of these particles were measured in the presence of a magnetic field applied in the opposite direction to the previously applied and removed saturating field (10 kOe). The magnetization was recorded every second for a period of 60 s. Isothermal remanent curve (IRM) and DC demagnetization remanent curve (DCD) were measured in order to evaluate the energy barrier distribution present in prepared samples. As it was mentioned in (El-Hilo et al : 2004) interactions effects are usually quantified using the 
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 technique; 
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      where Md is the DC demagnetization remanence and Mr is the isothermal remanence (Kelly et al: 1989). This technique is based on the well known Wohlfarth relation and gives the interaction driven changes in the remanence states Md and Mr . Positive 
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 profile is known to arise from magnetizing (stabilizing) interactions whereas negative 
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 profile arises from demagnetizing interactions. For barium ferrite media, positive and negative 
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 profiles were observed for oriented and non-oriented systems of particles, respectively (Patel et al: 1993). The effects of particles shapes and orientations on the magneto-static interactions have been modeled and shown that the 
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 profile (positive or negative) critically depends on the shape and particle arrangements in the system (Vos et al: 1993). The irreversible susceptibility (
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) was obtained from the differential of DCD curve. The fluctuation field and the activation volume at the coercivity were calculated according to Eqs. (4) and (5), respectively. 

Results and discussion:

      Fig.1 shows the measured hysteresis loops for B1 and B3 samples. Fig.1 clearly shows the effects of dilution with glucose on the hysteresis loop where the loop for higher concentration is steeper than that for the less concentrated one. Also the measured hysteresis loops show that the remanence ratio is less than well known Stoner–Wohlfarth value (i.e. 0.5) (Stoner and Wohlfarth 1948), (Thamm and Hesse 1998). This value suggests that the predominant dipolar interactions in these systems are negative which suppress the remanence ratio below 0.5. The coercivity (Hc) of all samples examined is listed in Table 2. With decreasing concentration, coercivity remarkably increases. Fig.2 reports the typical evolution of 

Table (2): Coercivity, mean effective anisotropy field, switching field distribution, fluctuation field at Hc and Activation volume at Hc for all samples examined.

	Activation volume at Hc (Vac) 10-18 cm3
	Fluctuation field at Hc (Hf )Oe 
	Switching field distribution
	Mean effective anisotropy field (Hkeff) Oe
	Coercivity (Hc) Oe
	Sample

	9.262
	13.5
	0.229
	1780
	1244.7
	B1

	9.442
	13.2
	0.291
	1700
	1246.4
	B2

	9.464
	12.6
	0.326
	1540
	1270.8
	B3

	9.47
	13.2
	0.338
	1330
	1312.4
	B4

	9.722
	12.9
	0.341
	1188
	1325.9
	B5

	9.853
	12.7
	0.336
	1187
	1340.6
	B6

	9.745
	12.8
	0.333
	1206
	1363.2
	B7

	9.802
	12.8
	0.331
	1231
	1373.8
	B8


      The magnetization versus time with different negative applied fields near coercivity for B1 sample. The logarithmic behavior is well observed in the full time range shown in Fig.2. It is seen that the decrease rate of the magnetization depends on the applied field. By fitting the linear behavior, the magnetic viscosity coefficient for all samples was obtained. The field dependences of magnetic viscosity for B1, B2, B6 and B8 samples are shown in Fig. 3. All the curves are “bell Shaped” as defined by Mayergoyz et al. (Mayergoyz et al: 1999). With the increase of concentration, the maximum of magnetic viscosity increases which indicating the increase of magnetic thermal relaxation. This can be attributed to a decrease of the mean effective anisotropy field (Hkeff) as shown in table (2). The actual switching field distributions (SFD), which were deducted from DCD curves as equal to [H(md =0.5) - H(md = -0.5)]/Hr, are listed in Table 2, experimental details to obtain SFD were reported by Kodama (Kodama et al :1991). Here it is seen that dilution with glucose, in general, widens the switching field distribution. Doping of barium ferrite powders with Co-Ti reduces the crystal anisotropy (Zheng et al : 1992), so the reduction of crystal anisotropy after doping makes the shape anisotropy term more important, while the shape anisotropy is related to particle demagnetization factor, which is not a single value throughout the particle. This may produce a broadening of switching field distribution and increase magnetic relaxation.

      For a particle assembly, the particle interaction influences the magnetic relaxation process by changing the energy barrier distributions (Garcia et al: 1997). Fig. 4 showed the 
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 curves for the samples B1, B2, B6 and B8. The negative value of 
[image: image34.wmf]M

D

 demonstrates that the predominant interactions in diluted with glucose BaFe10.48Co0.76Ti0.76O19 powder systems are negative (dipolar interactions). Also it is clear from these data that the change in 
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 with field for the original powder (B1) is steeper than the less concentrated ones. This behavior suggests that the interaction driven changes in the remanence states in the original powder sample occurs faster than the less concentrated ones as a result of particle stacking. So Delta M is observed to be more negative with the reduction of the concentration. For further reduction in the concentration the 
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 profile becomes less negative due to the decrease in the predominant negative dipolar interactions which is consistent with our previous work (El-Hilo et al: 2004). According to Pfeiffer (Pfeiffer 1990), the influence of the interparticle interaction can be evaluated by a parameter of mean interaction field Hint, which could be estimated as 
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 correspond to the remanent coercivity on the DCD and IRM curves, respectively, for the details pleas refer to (Pfeiffer 1990). The variation of the interaction fields with concentration for all samples examined are shown in Fig.5. As it is seen, the interaction field increases with the decrease of the concentration but it decreases for further decrease in concentration. Which is in a good agreement with the discussed above 
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 data. Again the behaviour of the interaction field in these systems can be mainly attributed to the behaviour of predominate dipolar interactions.

      The fluctuation field at the coercivity for all samples examined which calculated according to Eqs. (4) are listed in Table 2. Activation volume at the coercivity was obtained by substituting the values of fluctuation fields in Eqs. (5) (Table 2). Principally, the thermal activation volume constitutes an estimate of the volume of material involved in a single activation process. If the particle reverses by coherent rotation, Vac should be equal to the particles physical volume (1.2 x 10-17 cm3). For the above samples, we found that the calculated Vac is about 60 % of the physical volume. This means that the reversal mechanism is rather incoherent in these powder systems (Ong et al: 2000).

Conclusions:
      The magnetic relaxation at room temperature has been studied on diluted with glucose BaFe10.48Co0.76Ti0.76O19 powder at various concentrations. With increasing concentration, the maximum of magnetic viscosity increased. This is mainly caused by the decrease of mean effective anisotropy field. The interparticle interaction was found to be demagnetizing. The variation of interaction field with concentration found to be non linear, which is consistent with the delta M data. The calculated activation volume was 60% of the particles physical volume, indicating incoherent magnetic reversals in BaFe10.48Co0.76Ti0.76O19 powders.
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Figure (1) The measured hysteresis loops for samples B1, B3 and B7.

Figure (2) The variation of magnetization with Ln(t) at various reverse applied fields for the original powder (B1).

Figure (3) The variation of magnetic viscosity coefficient with applied field for samples B1, B2, B6 and B8.

Figure (4) The variation of [image: image41.wmf]M

D

 with applied field for some of the samples examined.

Figure (5) The variation of interaction field with concentration for all samples examined.
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Figure (2)
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ملخص


      تم في هذا البحث التجريبي دراسة عينات من مساحيق  BaFe10.48Co0.76Ti0.76O19 المخففة بالغلوكوز بتراكيز (نسب) مختلفة. وجد أن تغيير التركيز يؤدي إلى تغير على كل من المجال القسري، ومعدل مجالات التباين المؤثرة في النظام، ومعامل اللزوجة المغناطيسي ومجالات توزيع عكس المغنطة. وجد أيضاً أن اعتماد مجالات التفاعل على تغيير التركيز يسلك سلوكاً غير خطي، ناتج عن التفاعلات بين الجسيمات في مثل هذه الأنظمة.


Abstract


      Samples examined in this experimental work were in the form of BaFe10.48Co0.76Ti0.76O19 powders diluted with glucose with different concentrations. The variation of the concentration was found to affect coercivity, mean effective anisotropy field, magnetic viscosity, and switching field distribution. Moreover the variation of interaction fields with concentration was found to be non linear and this can be attributed to the particle interactions in these systems.














PAGE  
47
Al-Manarah, Vol. 14, No. 3, 2008.


_1213348165.unknown

_1232606424.unknown

_1232691474.unknown

_1232691537.unknown

_1232691550.unknown

_1232691568.unknown

_1232691507.unknown

_1232691338.unknown

_1232691398.unknown

_1232691298.unknown

_1232605625.unknown

_1232606344.unknown

_1213348306.unknown

_1175183376.unknown

_1213348035.unknown

_1213348130.unknown

_1175499279.unknown

_1175502844.unknown

_1175502855.unknown

_1175502756.unknown

_1175499083.unknown

_1175498787.unknown

_1175499004.unknown

_1175182573.unknown

_1175182669.unknown

_1175182176.unknown

