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Abstract 

Computed microtomography is a non-invasive and non-destructive essential tool for morphological and topological studies of 

internal structures of different materials allowing 3D visualizations. Currently, many studies focusing industrial applications 

using microCT as a tool are being developed. In all applications, microCT proved to be an adequate technique for the 

characterization of different materials allowing accurate and reliable qualitative and quantitative assessments.  
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1 Introduction 

Computed tomography  (CT) scanners for medical imaging go back to the early 1970s, the first scanner built by Nobel Prize 

winner Hounsfield in 1969 and the first patient brain scan performed at the Atkinson Morley Hospital, Wimbledon, UK, in 

October 1971. From the early 80's, CT became popular for material analysis and non-destructive testing (NDT). The first 

attempts to perform dimensional measurement using CT scanners appeared in the early 1990s, and an important breakthrough 

came in 2005, when the first dedicated dimensional CT machine was exhibited at the Control Fair in Germany. From then on, 

several other machine vendors started offering larger and more powerful industrial CT devices. [1–3]. 

High resolution computed microtomography (micro-CT) is a powerful imaging technique that produces 3-D digital images of 

volumetric objects, with resolution of the order of microns or below, in a nondestructive way and without requiring a specific 

sample preparation. The physical principle of microCT is based on x-ray attenuation that when interacting with the sample are 

modulated according to the physical characteristics of the sample (atomic number, density and thickness) generating a series of 

projections with the object rotating on a single axis with constant rotational steps (most industrial equipment). In a second step, 

using mathematical algorithms, this series of projections are reconstructed producing a series of 2D slices that can be viewed 

on the axial, coronal, sagittal axes, and as 3D models. In these reconstructed digital images, each pixel or voxel will represent 

the absorption of x-rays in that particular region [4–6]. 

The characterization of a material microstructure is usually an exercise of loss and gain, since tests that destroy the sample are 

often required due to the availability of characterization instruments (micro-machining techniques). In other cases, it is 

possible to obtain a detailed image of the physical microstructure although limited to regions very close to the surface not 

characterizing the whole sample (optical microscopy) [7]. To circumvent those limitations, computed microtomography 

emerges as a state-of-the-art technique of non-destructive analysis providing high-resolution 2D and 3D images of internal 

structures of different materials. Some studies can be found in [8–12]. Currently, many studies focusing on industrial 

applications using microCT are being developed at the Nuclear Instrumentation Laboratory (LIN) at the Federal University of 

Rio de Janeiro. Among the materials studied, we can mention: propellants, polymers, composite materials, pressure armors, 

concrete, weld beads and welded joint. These studies are aimed at both, qualitative analyses (visualization of the internal 

structure) and quantitative data collection, examples of these studies can be seen in [13-15]. Next will be presented three new 

studies.  

2 Methodology 

These studies were conducted using two differents computed microtomography systems Phoenix Vtomex m manufactured by 

GE and Skyscan/Bruker model 1173. The acquisition and reconstruction parameters were optimized in each study. The first 

study used three (3) samples of solid propellant (P1, P2 and P3) and had the purpose of quantifying porosity and view internal 

structure after manufacture process. The second study was the qualitative analysis of a composite material. To this end, a 

composite (polymers reinforced with glass fiber) pipe was cut into four (4) square pieces of approximately 20.00 x 20.00 ± 

0.25 mm. One of these samples was analyzed immediately after being cut (original) and the other three were placed into 

different substances (sea water, oil and alkaline liquid), where they remained for six months. Then, microtomography images 

of the samples were obtained and qualitatively analyzed. The third application is the inspection of circumferential welded joint. 

In this study, a segment of a 1-inch nominal diameter pipe and 4.55 mm wall thickness containing different defects generated 

during the welding process was scanned. The Table 1 shows the acquisition settings for the three applications of this work. 
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Table 1 – Acquisition Parameter  

 Study 1 Study 2 Study 3 

Voltage (kV) 110 50 200 

Current (μA) 220 160 200 

Integration 

(Frames) 
5 5 5 

Effective Pixel 

Size (μm) 65,38 14.00 30.00 

Projections 2050 720 1000 

Filter -- 0.5 mm (Al) 0.3 mm (Cu) 

 

3 Results 

In the first study, the quantitative analysis of the samples, obtained through the segmentation process, the P3 sample presented 

a higher porosity, of 14% of the total volume. However, other samples, as P1 and P2 have low porosity. The Figure 1 

summarizes the results and presents the histogram of the number of pores by size range (mm2) for each saple. The pore space 

(blue regions), can be better observed in the 3D models of the samples shown in Figure 2. 

 

 
Figure 1: Summary of results and histograms of the number of pores by pore size range (mm2). 
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 Figure 2: 3D models of the propellants (P1, P2 and P3) highlighting the pore space (in blue). 

 

In the second study, the structures of the samples of composite materials were assessed in microCT images that showed some 

pores and lack of adhesion between the layers of the original sample. However, the lack of adhesion between the layers 

increased greatly in the sample that was immersed in the alkaline liquid, which did not occur in the other two samples. The 

sample that was immersed in the alkaline liquid also suffered the greatest degradation of its structure, mostly beginning at the 

edges and propagating to the inner part of the sample (Figure 3). The sample immersed in sea water presented some amount of 

salt deposited on its surface, which did not propagate into the sample. The sample deposited in oil presented the lowest 

structural change when compared to the original sample.  
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Figure 3: sample of composite immersed in alkaline liquid a) and b) cuts, the red arrows indicate the sites of structural degradation c) and d) 

3D models highlighting the internal structure of the sample. 

 

 

The third study presents the inspection of a circumferential welded joint, the goal was to investigate critical welding flaws. The 

microCT permits a quantitative investigation all over the structure of the welded joint. The sample studied presented defects as 

cracks and pore, the defect volume was 22.56 mm3. The porosity parameter can be very important since it is related to the 

properties of alloy interconnects, such as degradation of mechanical performance. However, have been identified some slag 

inclusion and tungsten inclusion (high density).  The high density material were also quantified and a value of 0.15 mm3. The 

Figures 4 and 5 shows a 3D model and the defects and inclusion distribution.  

 

 

Figure 4: a) 3D model of the circumferential welded joint sample, b) Correlating the 3D model and the defects and inclusion distribution and 

c) Highlighting of defects (in red) and inclusions (in blue). 
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Figure 5: a) 3D model of the circumferential welded joint sample (longitudinal cut), b) cracks and pore defects (in red) and c) slag inclusion 

and tungsten inclusion (in blue). 

 

Conclusions 

The results obtained so far show the potential of microCT in studies focusing the industry and have consolidated it as an 

essential technique for material inspection and characterization. In the three studies, high-resolution computed 

microtomography proved to be an adequate technique for the characterization of the assessed materials, able to aid and add 

information in the characterization of the different materials analyzed, showing in three dimensions the structures that compose 

them. The results demonstrate the growing range of applications of the microCT technique and its potential uses in the industry 

for both, high and low density materials. 
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