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Abstract. It was proposed that the gray value distribution contour curve of the fracture surface of
material was used to represent the true contour curve of fracture surface, the gray value distribution
contour curve was extracted by the image analysis software IPP(Image Pro-Plus), and the fractal
dimension of the gray value distribution contour curve of the fracture surface was measured by the
structure function method as polypropylene (PP) was the sample, in order to characterize the
morphological characteristic of the fracture surface of material. The results indicated that the gray
value distribution contour curve could reflect the multilevel of the fracture surface of the material;
the fractal dimension of gray value distribution contour curve of PP was 1.6375, the linear degree of
fitted by the structure function method was high and the correlation coefficients obtained were more
than 0.99. The strong linear correlation indicated that impact fracture surface of the PP had
significant fractal characteristics. Thus using the fractal dimensions to describe the fracture surface
morphology of material may provide a new approach to investigate the morphology of fracture
surface of materials.

Introduction

The morphology of tensile, impact, and bend fracture surfaces of materials were treated as the
deviation of average surface in the traditional traditional analytical method, and characterized by the
common statistical parameters and roughness as characterizing the other rough face [1-3], and
which were used to propose the fracture mechanism of materials. But , the reports on the
micro-morphology characteristics of fracture surface found that an uneven fracture surface with low
smoothness would formed during subjecting to external load due to the different material structure
and molding parameters, and the surface topography of the fracture had multi-levels [4-6]. The
much finer structure in the fracture surface will appear constantly with the increasing of
magnification times of the scanning electron microscope.

Moreover, the contour curve of the fracture surface is not smooth at different magnifications;
there is no tangent at any point of the contour curve. So, the contour curve function is not
differentiable; in addition, when the contour is enlarged, the probability distribution of the enlarged
surface is very similar with the original surface.

Early in 1978, Sayles [7] believed that the surface morphology was unstable stochastic processes,
the traditional some statistical parameters could not characterize the random behavior and detailed
features of the fracture morphology comprehensively. As the fractal geometry came into being, in
1984, Mandelbrot [8] first proposed to characterizing the morphology characteristic of fracture
surface of metal quantitatively by the fractal dimension; from then on, the fractal geometry was
used to characterize the characterize the morphology characteristic of fracture surface of materials
widely. In the last years, the Duan Chenlong [9] found that the morphology of fracture surface of
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printed circuit board and its components were fractal. The study of Xian Yu [10] took the
bamboo-plastic composite as the experimental sample, obtained the impact fracture surface of the
composite, and found that the fracture surfaces of the composites were fractal obviously. Wang Liang
[11] analyzed the fracture morphology characteristics of the 6061 aluminum alloy composites
reinforced aluminum borate, and found it was fractal.

It was one of the research highlights on characterizing the fractal characteristic of fracture
surface that the relative principles of fractal geometry was used to process the contour curve of the
fracture surface of materials, and the fractal dimension was used to characterize the morphology
characteristic of the fracture surface. Many kinds of methods used to calculated the fractal
dimension were developed based on the contour curve of fracture surface of materials, and divided
into two types [12-13]: the first type was indirect method, including vertical section method,
variable metric method, the secondary electron line method, and structure function method, etc; the
other type was direct methods, the slit island method, box dimension method, and so on. The
structure function method among the methods mentioned above was accurate, efficient, and stably.
In the past study[14-15], the fractal characteristic of fracture surface of polymer composite were
investigated as the samples of hollow glass bead filling the ABS polymer composite and the
polypropylene filled with nano-calcium carbonate composite. In this study, the gray value
distribution contour curve of fracture surface of PP material based on the SEM of the fracture was
extracted, and the fractal dimension was calculated by the structure function method.

Extracting the Gray Value Distribution Contour Curve

It is well known that salient points in the fracture surface of the material are bright pixels in the
SEM, while the pits in the fracture surface are the darker pixels, the slope between the salient points
and pits in the fracture surface displays shade with different gray value. so, the smoothness degree,
coarseness degree, and the difference among the morphology characteristics of different fracture
surface of material can be judged by observing the bright and shade degree of the SEM. But, this
method can only characterize the morphology characteristic quantitatively. If extracting the gray
value of the pixel point in the SEM, the relative position of the mass point to average surface of the
fracture surface can be reflected; if obtaining gray value of a series of continuous point, one can get
a continuous contour curve of gray value, the contour curve can reflect the relative positions of all
mass points relative to the average surface of the fracture surface.

The idea mentioned above can be realized by the digital technique of picture with the
development of image processing and analyzing technique. In this study, a image processing
software named IPP (Image Pro-Plus) was used to extract gray value of the SEM and the gray value
distribution contour curve based on the SEM of the fracture surface of the material. The specific
operations are as following:

1) To open the IPP, and import the SEM of the fracture surface of the material;

2) To use the pixel obtaining tool to obtain the gray values of an optional horizontal line in the
graphical map of the SEM;

3) To import the gray values to the excel,

4) To import the gray values in the Excel into Matlab 7.1, and draw the gray values, then the gray
value distribution contour curve is obtained .

Results and Discussion

Gray Value Distribution Contour Curve of the Fracture Surface of PP Material. Figure 1
shows the 5 optional and horizontal positions in the SEM of the PP. One can see from Figure 1 that
the fracture surface is uneven, looks like the wave. If magnifying the fracture surface, much finer
structure like little wave will be displayed.
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Fig.1 five horizontal lines of the image of the fracture surface
The gray valves of at different pixel point of the horizontal lines of the SEM of the fracture
surface was gain based on the extraction method mentioned above. The gray value distribution

contour curve of the fracture surface of PP material were showed from Figure 2 to Figure 6.
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Fig.2 Gray value distribution contour curve of the horizontal line 1
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Fig.3Gray value distribution contour curve of the horizontal line 2
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Fig.4 Gray value distribution contour curve of the horizontal line 3
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Fig.5Gray value distribution contour curve of the horizontal line 4
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Fig.6 Gray value distribution contour curve of the horizontal line 5

From Figure 2 to Figure 6, we can find that the gray value distribution contour curves at the
different positions of the image of the fracture surface of the pure PP sample have the similar
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profiles and have the similar gradation level. That is to say, the gray value distribution contour
curve can reflect the true morphology of the fracture surface of the PP.

Fractal Dimension of the Gray Value Distribution Contour Curve. The theory principle of
the structure function as following: [16~17]

S(0)=([2(x+0)-2(x)] ) =e"" )
Where, Z(x)is gray value; xis the pixel position; S(t) is arithmetic mean value of the

difference quadratic;tis optional value of the time interval, and is integer; D, is fractal dimension of

the contour curve. The S(t) is calculated at the different t based on the discrete data of the
contour curve.
To take the logarithm of Eq.1, and Eq.2 is got:

Ig[S(¢)]=1gc+(4-2D, gt )
To fit the Ig[S(t)]and 19t yith least square method one can get a equation of linear regression:
Y =C+DX (3)

Where Y =Ig[S(t)],C =lgc, X =Igt.
The slope of the fitting equation D:
D=4-2D, 4)
Then the Equ.4 can be transferred to:
4-D
D, = — (5)
The DLs of five different horizontal lines of SEM of the PP was calculated, and the average of
the five DLs was regarded as the final result. The calculated curves and fitting curves for DL of
fracture surface were shown in Figure 7.
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Fig.7calculated curve for D, value of fracture surface

It can be seen from Figure 7 that the fitting curve between Igs(t) and Ig(t) of gray value
distribution contour curve of fracture surface at the different horizontal position of the SEM is
accordance with linear model:

lg(S(t)=b+algt (6)
Where a and b are constants related to the gray value distribution, the larger the a is, the
larger the D, is, the more complex the contour curve is, and the more fine structure is. From Eq. 5,
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one can know that D, = 2 —a / 2, the a,b, R and D related to the calculation of D are

shown in Table 1.
Table 1D, value of fracture surface

Linear regression The average

Horizontal line R D,

equations DL
1 lg(s(t)) 0.999 1.623
=2.1175+0.7524Igt 8 8
5 lg(s(t)) 0.998 1.648
=2.1099+0.7021Igt 5 9
lg(s(t)) 0.999 1.658
3 =2.0299+0.6827Igt 8 7 1.6375
4 lg(s(t)) 0.999 1.625
=2.0520+0.7488lgt 2 6
5 lg(s(t)) 0.997 1.630

=2.0292+0.5391Igt 6 4

We can see from Table 1 that the correlation coefficient of linear regression analysis is larger
than 0.99. The high correlation indicates that the contour curve of fracture surface is fractal
evidently.

Conclusions

The gray value distribution contour curve of fracture surface of material was extracted by the image
processing software and the data processing software, and the fractal dimension of the ray value
distribution contour curve of fracture surface was calculated by the structure function method based
on the relationship between the morphology characteristic of the fracture surface of the material and
its pixel gray value distribution contour curve. The gray value distribution contour curve based on
the SEM of the fracture surface of the material could reflect the true morphology characteristic of
the fracture surface. The confidence coefficient of structure function method used to calculate the
fractal dimension of the gray value distribution contour curve is high. So, the fractal dimension
could be used to characterize the multilevel characteristic of the fracture surface of the material
quantitatively.
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