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Abstract

This present research work contains the study of Natural fractal material, coral stone. X-ray diffraction, FTIR, optical, dc and ac electrical characteristics are studied. The study includes Arrhenius like plots for both wafer and powder form of the material. Measurements show a possible partially irreversible phase transition occurs when coral is heated for a long time at an about 115 oC. From XRD data it has been also established that coral stone contains nano sized clusters which is supported by dc electrical measurement. The variation of ac conductivity of coral with thickness of the sample is studied and found exhibit an interesting feature of fractal solid. A scaling relation between ac conductivity and thickness has also been proposed here.  Over all behavior of the specimen is that like that of  a fractal system. 
1. Introduction

The scaling behaviors of transport properties are very important for understanding the transport mechanisms of the fractal-like networks in fractal solid. Such studies have received extensive attention recently. Attempts have been made to analyze the transport properties including electrical conductivity, heat conduction, convective heat transfer, laminar flow, and turbulent flow in the networks and also derive the scaling exponents of the transport properties in the networks. It has been analyzed [1] that the scaling laws are different for different transport processes and the scaling exponents are sensitive to microstructures of the networks.
Coral stone is composed of mainly CaCO3, Silica and have a trace of rare earth elements along with organic matter. It has a fractal structure. Studies of fractal solid are of considerable scientific and technological interest. Fractal solids may show some interesting characteristics functional properties [2]. It is also important in the field of electronics and telecommunication [3]. In a recent study [4] it has been demonstrated that a morphometrical method to quantify and characterize coral or corallites using Richardson Plots and Kaye’s description of fractal dimensions was possible. The study estimates the fractal dimension of coral as  γ=1.92. A Jurassic coral species (Aplosmilia spinosa) and five recent coral species were analyzed using the Box-Counting Method. The method depicts the characterization of their morphologies at calicular and septal levels by their fractal dimensions (structural and textural). It is possible to establish the differences between species of Montastraea and to tackle the high phenotypic plasticity of Montastraea annularis. Application of fractal dimensions versus conventional methods (e.g., measurements of linear dimensions with a calliper, landmarks, Fourier analyses) to explore a rugged boundary object was analyzed. It appears that fractal techniquies have the potential to considerably simplify the morphometrical and statistical approaches, and be an important addition to methods based on Euclidian geometry. 
 In this present work, X-ray diffraction (XRD), Fourier transformed infrared spectroscopy (FTIR), optical spectroscopy (UV-VIS) and electrical measurements are carried out over natural coral specimen. A.c. and d.c. electrical properties of coral wafer are also investigated. The objective of this work is to investigate the fractal nature and scaling effect on ac/dc electrical characteristics. The overall results are discussed and analyzed in the following sections.
2. Material and experimental instruments
The specimen, coral wafer (Fig.1.) was cut from a coral branch that collected form Chennai. Two different cuts used as specimens for electrical experiment were transverse and longitudinal section of coral tree stone. 
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	Figure 1: Transverse cross-section of Coral branch.


Crushed coral powder specimen was made by grinding coral with a grinder. The powdered specimen was used in Foruier Transformed Infra Red (FTIR) spectroscopy. The FTIR spectroscopic analysis has been found to be an effective probe in composition analysis of biomaterial. The FTIR spectroscopy was carried using Shimadzu (Japan) model IR Affinity 1, in KBr window. UV-VIS absorption spectra of the sample were studied with 2450 UV-VIS spectrophotometer, Shimadzu, Japan in the range between 225 to 900 nm with sampling interval 0.5 nm and slit width 5 nm. The XRD of coral wafer was done to investigate its micro-structure and carried out with Cu Kα (λ = 1.541 nm) lines (PW 1836 (PHILLIPS), at 35kV, 25mA). The dc electrical properties were measured with KEITHLEY 2400 Source Meter. Ac measurement was done with HIOKI 3522-50 LCR HiTESTER, (JAPAN). Temperature was recorded with Tektronix DTM 900(USA). All the measurements were carried out at room temperature 25 C.
3. Results  
In Fig.2 the XRD of coral stone is shown. This shows a clear manifestation by indicating the numerous peaks in XRD corresponding to possible fractal structure in the specimen.
	
[image: image2.emf]10 20 30 40 50 60 70 80

40

60

80

100

Relative Intensity

2



 in degree



	Figure 2: XRD of coral wafer.


Using Scherrer formula [4] it is found that the average particle size is of the order of 26.1nm. The occurrence of complicated and huge number of peaks in XRD pattern is the hall mark of fractal structure of natural coral stone.   The presences of nano sized particles are also reflected in dc CVC [5]. The relevant intensity peaks are also compared with that of coralline hydroxyapatite [6]. 
	
[image: image3.wmf]3000

2000

1000

1

2

3

4

Absorbence

Wave number (cm

-1

)



	Figure 3: FTIR absorption spectra of coral.


The FTIR absorption spectrum is shown in Fig 3. Presence of primary amines and free secondary amines (3691 to 2997 cm-1band) and amino acid (3390 cm-1) confirms the structure rich in protein. Strong absorption peaks due to amide I, ketones, nitro urea, aromatic nitro compounds, sulfoxides, sufonic acids are also present. Such compounds are relevant because coral is produced by living micro organisms.

Fig.4 shows the UV-VIS absorption spectrum of coral specimens. The inset of the graph shows the nature of absorption over entire region. It shows almost uniform absorption in VIS region saving from strong absorption, in UV region, characteristics of bio-material. The graph shows some absorption peak between 600-900 nm due to presence of natural impurity in it. Graph A, for Coral specimen in wafer form that is in its fractal structure, is different from that for its powdered specimen in which there is no fractal structure. The difference in optical absorbance between the two forms of Coral stone may be attributed due to the spatial structure.
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	Figure 4: UV-VIS absorption spectrum. (A)- Coral in wafer form, (B) –Coral in powder form.


The dc CVC of coral wafer is shown in Fig 5.  This noise like oscillation is due to the structural complexity of the specimen. This is the feature of electronic conduction in porous fractal solid at room temperature (RT). The zigzag pattern is due to nano sized cluster and not due to noisy or bad data points [5]. It has been established that there is definite relation between separation of consecutive peaks of CVC and cluster size [7].
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	Figure 5: The dc CVC of coral wafer line.


 Fig.6 shows the variation of electronic conductivity  of powdered sample as the function of temperature by Arrhenius like plot. The result exhibits non-Arrhenius nature. This indicates coral powder suffers a phase transition (at point 1) where slope of the curve changes from 38.151 to 2.134. It has been found that the nature of variation can be fitted by the expression, Tn =exp(-0/KT) and using plateau region, value of ‘n’ is estimated as -0.8. Here, 0 is the activation energy.  
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	Figure 6: Arrhenius plot for Coral powder.


Fig. 7 summarizes the plot of measured ac current vs. impressed ac electric field at 60 kHz for eight samples with different thickness, ranging from 2.24mm to 4.3 mm. 
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	Figure 7: Variation of measured current vs. applied voltage at 60 KHz with varying thickness. Sample thickness are 4.3mm (A), 3.9mm (B), 3.4mm (C), 3.2mm (D), 2.87mm (E). 


 In vertical axes current per unit length is plotted. The curves become more and more stepper as thickness increases. It is clear that ac conductivity depends on thickness and nonlinearity (second order) is also present. The dependence of conductivity on thickness is shown in Fig. 8 with frequency of impressed field as a parameter. Frequency of ac field ranging from 5 kHz to 60 kHz is used for the measurement. The dependence of conductivity on thickness is exponential. On the physical ground the conductivity never be very large for long coral samples. We proposed that ac conductivity (d), being a function of thickness d, is given by  
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  (1)

where  , 0 and d are positive constants. Here d0=2.8, γ=2.0, and 0 = 1.8 and =.001 are used in equation (1) to fit the experimental data of Fig. 10.  
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	Figure 8: Conductivity vs. thickness at different frequency. (from bottom to top 5,10,15,30,60KHz respectively)
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	Figure 9: Conductivity vs. frequency plot of longitudinal (A) and transverse (B) cross-section of coral sample with same thickness. 
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	Figure 10: Variation of conductivity of coral with thickness at 60 kHz. Dot represents experimental data and circle represents fitted data.


4. Discussion

Figure 9 shows the variation of a.c. conductivity of coral specimen with frequency of a.c. field. It also compares the results of longitudinal and transverse section of coral specimen. In both the cases the variation is found to be linear and hence the conductivity does not exhibit any power law variation with frequency of the impressed a.c. field. The figure however clearly indicates the anisotropy in electrical conduction which is again an indicator of fractal nature of the coral specimen. The feature is unusual in poor conducting material. It follows that imaginary part of dielectric constant of the coral stone is dispersion less.

The variation of electrical conductivity with the thickness of coral specimen is shown in Fig 10. Conductivity increases with increasing thickness of the specimen upto a value of d=4.8 mm and then it follows a slow declining trend upto d=6.2 mm. The observed nature of variation is a general feature of critical phenomenon. The variation of with d over the measured range has been fitted to an optimized mathematical formula given by equation (1). In the three parameter formula given by equation (1), d0 represents a critical length for onset percolation. The peak or saturated value corresponding to d > d0 is the limiting bulk conduction in coral specimen.

Results of simulation studies showed that porosity of a fractal solid varies with its size. However constant porosity indicates a homogenous structure without any fractal characteristics. The said results may be summarized by the fact that porosity stabilizes to an almost constant value for definite cell dimension depending dimension of the fractal. But for still larger sizes there is a slow but definite decrease in porosity. This shows that though the structure is homogenous for small sizes a fractality appears above a certain cutoff scale. This effect is more prominent for low porosities. The porosity of fractals is directly related to percolation density and later is related to bulk electrical conductivity in the solid. The result of this work provides a direct evidence of the mentioned phenomenon. 
Following quantum mechanical theory the finite electrical conductivity of an otherwise crystalline solid may explained in terms of electron-phonon interaction. Phonons are quasi-particle corresponding to dynamical excitation of the solid. The introduction of the notion of fractal index associated with the universal class quasiparticles, termed fractons [ 9], which obey specific fractal statistics. In a fractal solid in general quasi-particles are neither phonons nor fractons but have an inter-mixed nature. For a dimension- length of solid less than a characteristics length (L0 ), fractons are excited however for length L > L0  , the phonons are excited. At intermediate length scale the quasi-particle are generalized as fracnons. Electron –fracton interaction was found [10] to be important in explaining formation of electron pair in some disorder system. Recently [11] it has been reported that the interaction may explain the origin of conductivity maxima in metallic system.
The results obtained from the variation of ac conductivity with specimen thickness (transverse) is a clear indication of fracton excitation and subsequent phonon excitation with a probable fracton phonon cross over that exhibit conductivity maxima.  In fact the observed electrical conductivity variation can be explained by scaling behavior in fractal solid. In the fitted scaling law the value of the exponent γ=2.0 may be compared that of fractal dimension of coral [4]  γ=1.92.
5. Conclusions 

The overall results provide a clear indication for a possible porous fractal structure of the coral stone along with its functional properties. This material is appears to be a natural fractal solid containing nano structured unit which finds various novel properties important in material science. The scaling behaviour of electrical conductivity in fractal solid like coral is established.
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