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ABSTRACT 
In this paper SR light is used for the observation of internal structure and damage 

evolution in composite material by three kinds of techniques: (1) Scanning X-ray 
microscopy, (2) X-ray Absorbing Imaging, and (3) X-ray Computed Tomography. By 
Scanning X-ray Microscopy, a silicon thin plate with thickness of 0.5mm was 
detected by soft X-ray. The resolution of scanning image was 2µm. With X-ray 
Absorbing Imaging technique, epoxy resin matrix composite reinforced by single 
boron fiber undergone tensile loading was observed. Also, the damage evolution for 
Bi-2223/ Ag HTS (high temperature superconducting) tapes at 77K under tensile 
loading were investigated with the same method. In order to obtaining the 3-D 
internal structures, the X-ray Computed Tomography technique was used to 
inspecting the internal topology of sintering ceramics. 
 
1. INTRODUCTION 

 
Synchrotron radiation (SR) source produces intense, tunable, monochromatic, and 

highly collimated beam, it is suitable to examining the innermost structures of opaque 
materials by measuring the X-ray energy transmitted through the materials. The X-ray 
transmission attenuation values are directly related to material’s constituents and are a 
function of the atomic number. It is useful to feature detection, density measurements, 
constituent identification, and dimensional measurements [1-9].  

Comparing with conventional optical microscopy or SEM, SR technique does not 
require polished surfaces or serial sections. It has the advantage for nondestructive 
observation of internal structures in materials. Combining with different approaches 
and selecting proper X-ray energy, it can detect various materials.   
 
2. EXPERIMENTS AND DISCUSSION 

 
(1) Scanning X-ray Microscopy  

This experiment was performed at microscopy beam line of Hefei National 
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Synchrotron Radiation Laboratory (NSRL). A thickness of 0.5mm silicon thin plate, 
which was broken by laser impact, was examined by means of scanning X-ray 
microscopy. The SR X-ray was converged as a small spot to impinge on the specimen 
that was held on two-dimensional precision movable stage. First of all SR source was 
separated into monochromatic X-ray by interferometer and the wavelength 32 Ǻ was 
selected. Then it was further focused to a micro spot by micro Fresnel zoneplate to 
scan the specimen point by point and the transmitted X-ray was detected by 
photon-counter to give the digital image. With this wavelength the transparency of 
specimen is good and the contrast is high between silicon and voids on image. The 
internal damage of silicon plate was shown in Fig.1 and Fig.2. The received photon 
numbers described the cracks and voids with different height and color. The high cliff 
in Fig.1 or red strip in Fig.2 represented the crack about 10µm width. There were 
many voids in front of the main crack, and trended to link together to form the new crack. 
The image resolution was depended on the size of focused spot. It was 2µm in this experiment. 
The scanning area was 50µm×50µm.  

 

         

Fig.1 3-D drawing for internal damage 
of silicon plate 

Fig.2 2-D drawing shown damage 
with color 

(2) X-ray Absorbing Imaging 
The X-ray absorbing imaging technique used wide spectrum X-rays coming from 

SR source.  The X-rays were directly projected on to material specimen.  The 
transmission rays were recorded by photo-resist PMMA or X-ray film.  

In order to observe the structure damage evolution, a special tensile stage was 
designed for the tension of specimen.  Tensile pull-off tests were performed on 
epoxy resin matrix reinforced by boron fiber at lithography beam line of NSRL. A 
0.3(W)×0.3(T)×20(L)-mm specimen was examined.  The boron-fiber was 130µm 
in diameter and covered with carbon layer in 20µm thick.  The experiment was done 
in the vacuum chamber.  The wavelength of X-rays was 5 Ǻ ~20 Ǻ. The PMMA 
photo-resist was used to record the image.  The flaw, damage accumulation and 
cracks growth at interface between fiber core and cover were observed during the 
fiber suffered tension, Fig.3.  It could be seen that there were original defects at 



interface 1 and 2 (Fig.3-a).  During loading, the defects developed into a group of 
micro cracks, and expanded towards the fiber core. Furthermore, new micro-cracks 3 
were produced in the vicinity (Fig.3-b). With the increase of load, the micro-cracks 
developed continuously (Fig.3-c). 

 
Another experiment on the observation of internal structure damage evolution in 

Bi-2223/Ag HTS (high temperature superconducting) tape at 77K under tensile 
loading had been done at the X-ray tomography beam line of Beijing Synchrotron 
Radiation Facility (BSRF). The X-ray wavelength range of the beam line is 0.3 Ǻ 
~2.5Ǻ. The monofilament tape was chosen to perform the experiment, and it was 
composed of oxide core Bi2Sr2Ca2Cu3Ox with Ag sheath. The specimen dimensions 
were about 3.3(W)× 0.2(T)×26(L)-mm. At beginning, the tape kept linear elasticity. 
The critical current density Jc was almost as Jco as constant (as shown in Fig.5). With 
the increase of load, the tape came into plastic flow refer to the yield point (Fig.4-b, 
Fig.5 at point σ1). The microcracks initiated in core and ran cross the tape.  Critical 
current density Jc decreased dramatically after this point. The tape began to lose 
superconducting capability. Increasing load sequentially, the microcracks became 
more and more until the microcraks assembled to macro penetrable transverse one. 
Finally the tape was fractured. 

 

 

Fig.3 Damage evolution at interface between cover and fiber core 
c  b 
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Fig.4 Damage evolution photographs of monofilament Bi-2223/Ag tape at 77K 
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Fig. 5 Jc/Jc0~strain~stress curve of monofilament Bi-2223/Ag tape 

(3) X-ray Computed Tomography 
The SR-CT system had been developed to image material structures 

nondestructively in three dimensions. Parallel X-rays pass through a specimen 
positioned on a rotation stage, then are recorded by high resolution X-ray film (better 
than 2µm). The specimen is rotated by a small angle, and another two-dimensional 
absorption image is obtained. This process continues until 1800 of specimen rotation 
has been recorded. Reconstruction software with convolution re-projection arithmetic 
converts X-ray absorption profile data into two-dimensional reconstructions of the 
linear attenuation coefficients in the specimen interior. These values are rendered into 
three-dimensional view.  

The sintered porous ceramics was investigated by SR-CT. With this technique 
3-D pore geometrical topology, quantitative
obtained. The experiment was also 
performed at X-ray tomography beam 
line of BSRF. An X-ray of wavelength 
1.34 Ǻ was selected for projection. The 
photon flux at λ=1.34 Ǻ was 6×10

 pore ratio and average density were 

 slice 
at a

10 
photons s-1 mA-1 mrad-2 0.1% BW-1. 
Specimen was a sintered ceramic 
cylinder with diameter of 5mm. The 
sintering temperature was 12000C. The 
composition of the ceramics is shown in 
Table-1. Project images were recorded at 20 
intervals, and 90 images were obtained for 
3-D reconstruction.  

Fig.6 shows a single projection

Corresponding 
to Fig.7 
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Fig.6 Projection slice at 00

ngle 00. The part of length 6mm was 



chosen for reconstruction, and 4mm for calculating pore ratio and average density. The 
reconstruction topologies of cross section for different layer were given in Fig.7. It was 
corresponding to the 2mm part in Fig.6. The innermost pores, their distribution and changes 
along longitude were clearly shown. The resolution of reconstruction image was about 10µm. The 
elements and their mass attenuation coefficients of the specimen were given in table-2.  

 
Table-1 Composition lists 

 

Table-2 Elem ficients 
Elements（i ts（μi /ρi） 

 
 
 
 
 

ents and mass attenuation coef
） Mass ratio（Ri） Mass Attenuation coefficien

Si  35.43% 0.0448 
Al  0.56% 0.0431 
Na  10.91% 0.0427 
Ca  6.0% 0.0451 
O  47.1% 0.0444 

 

 
Calculation for pore ratio ε was based on formula (1) 
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 and μ(i,j) represented sum of pixels and reconstruction linear attenuation 

coeff

uation coefficient (µ/ρ) should 

Compos  ition（i） Mass ratio（Ri）
SiO2 75.8％ 
Al2O3 1.05% 
Na2O 14.7％ 
CaO 8.4% 

Fig.7 Section topology of different layer 
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icient at pixel (i, j) respectively.  According to the reconstruction results, the 
calculated value of pore ratio was 35.74％ in volume.  

To obtain the average density, the total average mass atten



be calculated according to formula (2). 
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ρ is density and R is mass ratio. The calculated result was as following. 
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According to formula (3), the average density of the specimen was calculated 

m . Error was within the 9.7%. 

. CONCLUSIONS 

SR X-ray is a powerful tool to inspect material nondestructively. By the 
mo
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as 3/26.2 cmg=ρ . It was agreement with the value which was measured by Archimedes 
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ethod /04.2 cmg=ρ
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nochromatic synchrotron radiation, it is possible to unambiguously measure the 
absolute values of the X-ray attenuation coefficient for the different structures in the 
materials. With the development of high resolution recording transducer and SR 
techniques, it would take an important role in the materials observation. The 
availability of such experimental data should have a profound effect on the modeling 
of damage evolution in composites and other advanced materials. 
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