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ABSTRACT

In the present communication dependence of dc conductivity on physical properties like density, moisture
content and thickness of the graded bamboo samples is seen. This aims at determining the positional dependence
of dc conductivity of bamboo. It was found that experimentally determined σdc values of bamboo at different
radial locations from center to periphery are almost in agreement with those values obtained from the equation.
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Introduction

A good deal of work has been done on electrical properties of natural fibers (Baley, C., 2004; Van De Velde,
K., P. Kiekens, 2002; Walter, L., 1992; Ahmad, M.M., M.A.Gaffar, 2007; Titok, V., V. Leontiev, 2006). But
there is hardly any discussion about the positional dependence of dc conductivity. Bamboo is known to grow
rapidly and mature in 4 to 8 years. However, the bamboo taken for this study was only 6 month old. It was so
because it is relatively tender while the specific gravity and mechanical strength remain considerably stable after
this period. Bamboo is a natural lignocelluloses. Application wise bamboo is preferred in construction over wood
because of its strength, straightness and lightness. Further it can be split into strips easily than wood. It is also
possible to use it as a reinforcing member in a composite (Barton, F.E., D.E. Akin, 2002).  Electrical properties
like resistivity (and so conductivity) of both wood and wood composites were reported in the past Chand et al.
(2006). Earlier Chand and Jain (2006) have reported the dielectric behavior of bamboo.

The macrostructure of bamboo-stem is similar to many species of grass family with distinct nodes and
internodes. Analysis of chemical constitution of bamboo shows that bamboo is mainly composed of cellulose,
hemi cellulose, lignin, carbohydrates, fat and protein. The cell wall consists chiefly of cellulose, hemi cellulose
and lignin. The cellulose of bamboo is a natural linear macromolecular compound. The cellulose content in
bamboo is assumed to vary from 40% to 50% in its different species. 

Moisture content measured in bamboo is not high but is sufficient to support conduction. In an earlier
communication Chand et al. (2006) had reported  mechanical properties of bamboo in radial and longitudinal
direction by determining it experimentally and through FEM analysis. There is definite yet systematic variation
in density due to difference in fiber concentration with location and across its cross-section. The mechanical
properties including density of bamboo vary from the center to the periphery due to the change in composition
at different radial positions Chand et al. (2006). Hence there is every possibility of variation of dc conductivity
at different distances from centre to periphery in the bamboo. Considering those facts the objective of this study
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was to develop a model for dc conductivity of bamboo based on above factors specially density gradient in radial
direction. Theoretically developed model is tested against experimentally found dc conductivity.

2 Equation Formulation

Since the concentration of fibre changes from center to periphery we study the positional dependence of dc
conductivity in bamboo. 

It is known that conductivity depends on the fiber concentration (x); Following assumption’s are made
“Conductivity in bamboo fibers is due to the lignin concentration in it. 

Lignin is a complex polymer of phenylpropanoid mainly deposited in its cell walls, which imparts rigidity
to the walls. 

Other factors responsible for conductivity in bamboo samples being
Existence of charge carriers
Diffusion of ions
Moisture content , etc 

Above parameters, which influence conductivity, are considered in the development of model. As most of
the charge carriers and impurities are present in lignin. The relation for dc conductivity with mobility of ions and
concentration can be given by Einstein’s equation (Navin Chand, 1982)

   (1)dc ne 

Now since mobility (μ) is defined as 
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Where in the above equation,
e is the charge on ion
D is the diffusion coefficient
k is the Boltzmann constant
T is temperature

As the area (A) of the test sample of given thickness, is proportional to mass (w) of the sample

 A w
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P0 is the proportionality constant.

Diffusion of ions can be calculated from the assumption that it depends on density of fibers in the bamboo
sample, location of sample in the bamboo i.e. its distance from periphery. So we can expect dc conductivity to
depend critically on location of the sample in the bamboo. We also assume that there is a linear relation between
density and location of samples. Some of the factors such as thickness and weight of the samples are also
considered. Based on the said assumptions we define the diffusion of particles as a function of density/weight
and function of density in relation to distance from periphery. The equation thus arrived at uses data from Fig.1
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Here constant P0 is the adjustable factor whose value is calculated from the slope of change in mass with
length of the sample
On substituting this value of D in equation 2 we get,
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Fig. 1: Shows the  density of different samples from periphery to centre

Substituting value from equation 5 to equation 1 we get an equation for dc conductivity based on location
of the sample in the bamboo.
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        Model Equation 6 can be used to calculate dc conductivity theoretically.
Here,   nl is the lignin concentration in bamboo,

nm is the moisture content in samples,
e is the ionic charge,
k is Boltzmann constant,
T is temperature, at which experimental values are recorded,           
d is the density of samples,
l is the thickness of the samples,
w is the mass of the sample,
X is the distance of sample from center.
P0 is the proportionality constant.

3 Verification of the Proposed Equation

For verification of the proposed equation we undertook following experimentation.  

Materials and method

The bamboo (dentrocalamus strictus) used in this study was collected from Sehore, India. This was about
6 month old. It has ample lignin as one of the component.

As is known Lignin is an aromatic macromolecular compound (Lignin’s are complex hydrocarbon polymer
with both aliphatic and aromatic constituents) together with cellulose and hemi cellulose in lignified tissue, mostly
concentrated in intercellular layers (Faughey, G.J., H.S.S. Sharma, 2000). In the lignified tissue, lignin mainly
serves as a binder to stick the cellulose and hemi cellulose. Its content ranges from 15% to 35%. Figure 2 shows
the structure of lignin, which is mostly responsible for conductivity in bamboo.

3.2 Sample Preparation

Strips from known distances from the center to outer periphery were cut from the bamboo stem as shown
in Fig.3. The test samples were cut from these strips. Uniformity of sample surfaces was achieved by polishing
opposite surfaces of the sample with silver, which also provide contact for the electrodes.
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3.3 dc Conductivity Measurement

Sliced samples were coated by air-drying type conducting silver paint on both the sides. Resistance values
of the sliced bamboo samples were measured by using a Keithley

Electrometer model 610C. The dc conductivity was calculated from resistance by using following equation

σdc  = 1/ ρ 
L

RA


Where, σdc is the dc conductivity of bamboo, R is the resistance, A is the area and L is the thickness of the
sample. Sample designation is shown in Table.1

Fig. 2: [Kindly refer 3]

Fig. 3: Schematic diagram of bamboo sections 

3.4 Density Measurement

Test samples were cut in to the form of sheet of approximately 2×2 cm2 area from the bamboo strips. The
density was determined by dividing weight with volume. [See Table 2]

Result and discussion

  Table.1 lists the sample designation with distance from center to periphery for the sliced bamboo samples.
Slices were numbered as samples 1, 2, 3, and 4 respectively. 
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Table 1: Sample designation in terms of the distance from the periphery
S.N. Sliced sample designation Distance from center to periphery 
(cm)1. Sample 1 ( Near to center) 0.2
2. Sample 2 0.4
3. Sample 3 0.6
4. Sample 4 (periphery) 0.8

Table 2 lists the parameters used during formulation and validation of the proposed model, density of fiber
is considered as the most responsible factor, in contrast to mass and thickness.

Table 2: The different parameters of bamboo samples used  in the theoretical model i.e. thickness, density and mass.
S.N. Thickness (cm) Density (g/cc) Mass (g)
1 Near to Center 0.135 0.67 0.0666
2 0.158 0.72 0.0867
3 0.21 0.75 0.0954
4 Periphery 0.236 0.80 0.1065

Table 3 lists the dc conductivity values arrived at by proposed equation. It also gives values of the dc
conductivity found experimentally. As is evident both the data are in good agreement. A small difference in the
dc conductivity arrived at theoretically and experimentally can be due to proportionality constant (which relates
variation in mass with position).

Table 3: the theoretically and experimentally calculated values of  dc conductivity.   
S.N. Theoretical dc conductivity (S/cm) x10-10 Experimental dc conductivity (S/cm) x10-10

1  Near to Center 2.38 2.31
2 2.55 2.53
3 2.80 2.67
4 Periphery 2.96 2.84

To a satisfactory extent thus the dc conductivity for different bamboo samples from the outermost surface
(periphery) to inner core can be calculated by the following equation,
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Table 4 lists the variation in the theoretical dc conductivity with position. This study demonstrates that the
position of the sample influences the conductivity i.e. as we go from center to periphery dc conductivity
increases. This model can find use in the interpretation of conductivity data obtained for samples taken from
different locations and / or having different densities. 

Table 4: Theoretical dc conductivity and the sliced samples from different zones. 
S.N Theoretical dc conductivity Sliced samples fromdifferent zones

(S/cm) x10-10  (periphery to center) (cm)
1 Near to  center 2.38 0.8
2 2.55 0.6
3 2.80 0.4
4 periphery 2.96 0.2

Graphs for experimental and theoretically obtained dc conductivity are shown in figure 4

Conclusions

C dc conductivity values calculated increases from center to periphery just as do the experimental values.
C Proposed model enables us to find the dc conductivity at different radial positions.
C Small  difference between theoretical and experimental values may be due to constant proposed whose value

is slope of change in mass with position of the sample

Appendix

e          is the charge on ion
D         is the diffusion coefficient
k          is the Boltzmann constant
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T          is temperature
P0            is the proportionality constant.
nm        is the moisture content in samples,
d          is the density of samples,
l        is the thickness of the samples,
w       is the mass of the sample,
X         is the distance of sample from center.

Fig. 4: Graph for Experimental and theoretical dc conductivity
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