
HeliScan MicroCT

Non-destructive high-quality 3D X-ray  
imaging for materials science



Introduction 

Micro-computed tomography (microCT) instruments are becoming a standard laboratory 
tool in materials science applications as they quickly and easily produce quantitative 3D 
images of almost any structure. As microCT images are generated with non-destructive 
X-rays, you can gain a thorough understanding of your analyte without the need for 
any additional preparation or loss of your sample. Internal structure, geometry and 
composition are readily accessible without staining, slicing, cutting or cross-sectioning.

To generate the 3D model, or reconstruction, samples are placed on a rotating stage 
and illuminated by a micro-spot X-ray source. The transmitted X-rays, influenced by 
the material, are captured by a detector, creating a 2D projection (the tomogram). As 
the sample rotates a series of these projections is collected, which are subsequently 
recombined into a digital 3D model.

The HeliScan microCT 
The Thermo Scientific™ HeliScan™ microCT provides several 
advantages over conventional microCT systems. First, 
conventional tools use simple circular trajectories whereas the 
HeliScan microCT follows a helical trajectory; this allows the 
use of a large-cone-angle X-ray source with increased flux and 
avoids the stitching of multiple scans for large sample volumes.

This means that reconstructions generated by the HeliScan 
microCT require no post-processing, which is particularly useful 
as signal-to-noise ratio reducing filters can have an adverse 
effect on image quality. Dramatically increased signal-to-noise ratio due to the higher X-ray flux of the 

HeliScan system. Note the stitching artifact in the conventional microCT image.

Diesel-engine oil filter. Diameter = 120 mm.

Multi-scale analysis available on the HeliScan microCT.

Non-destructive analysis
While computed tomography is generally 
a non-destructive imaging technique, the 
HeliScan microCT excels at producing 
large, contiguous datasets. That means 
that something as big as a diesel-engine oil 
filter (200 mm x 105 mm) can be analyzed 
in one sweep with a 40-micron resolution. 
Thanks to the HeliScan microCT’s “Region 
of Interest” mode you can then seamlessly 
zoom in on a specific area to produce 
a detailed subsection with a resolution 
below 1 micron.
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Metrology
In order to use tomographic data in quantitative analysis, an 
absolute image scale is frequently needed. This is especially 
important in the determination of measurement uncertainty in 
manufacturing and simulated experiments (e.g. mechanical 
deformation, fluid flow).

In addition to measured 2D projection data, reconstruction 
requires knowledge about acquisition geometry. To obtain this, 
significant system alignment is necessary, and the accuracy of 
the alignment directly impacts image quality and your ability to 
correctly determine voxel size. The HeliScan microCT instead 
employs sphere distance measurements to quantify voxel-
size accuracy. As these measurements are made without any 
assumptions regarding hardware accuracy, there is no need for 
system pre-calibration.

Versatility
Maintenance of the true microstructure of your sample combined 
with high signal-to-noise-ratio imagining makes the HeliScan 
microCT the ideal solution for your quantitative materials analysis. 
The HeliScan system has been successfully used in a wide variety 
of applications including;

1. Additive manufacturing
While additive manufacturing has experienced rapid growth in 
recent years, the complex manufactured parts must be carefully 
designed, tested, generated and then inspected for quality control. 
With microCT, components are kept intact while being examined, 
making it a desirable process for verifying the quality of parts 
in a variety of industries including aerospace, automotive and 
biomedical engineering.

The HeliScan microCT enables you to discover defects within 
manufactured components at a resolution below 400 nanometers.  
By measuring the dimensions of complex parts down to the 
nanometer scale you can pinpoint internal surfaces, lattice parts 
and other areas that haven’t been uniformly produced.

Oftentimes, microCT is used as part of a multi-scale workflow 
where it is combined with other techniques such as focused ion 
beam-scanning electron microscopy (FIB-SEM) and scanning 
transmission electron microscopy (STEM) to obtain information 
about an additive manufacturing component at different scales. 
Images from the various techniques can be correlated to obtain 
very detailed information.

With microCT you can dramatically improve your production 
processes to create stronger, more durable components for a 
wide range of industries.

2. Batteries
Thanks to the HeliScan microCT you can build a high-resolution 
3D model of an entire battery. In fact, it’s the only microCT scanner 
on the market to do so without needing to stitch images together.

As the first step in a correlative workflow, the HeliScan microCT 
provides you with information about the interior structure of the 
battery, helping you spot manufacturing defects and deformations 
that can occur over time. This enables you to obtain a complete 
picture of the structural and chemical properties of batteries. You 
can learn how different components fail as the battery is used or 
explore how lithium migrates between the electrode and anode as 
the battery is repeatedly discharged and recharged.

Ruby spheres separated by known distances are used for quantitative 
distance calibration. Sphere distances obtained from the tomograms are 
compared to the physical sphere distances to ascertain accuracy.

(A) Titanium airplane component created via additive manufactured. (B) 55 
mm diameter area highlighted via the region of interest mode with a voxel 
size of 6.7 µm3.
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Full battery (left) and detail of top side (right).



For current certifications, visit thermofisher.com/certifications. © 2019 Thermo Fisher Scientific Inc. All rights reserved.  
All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. BR0103-EN-12-2019

Find out more at thermofisher.com/microCT

3. Oil and gas
The HeliScan microCT enables imaging of 3D rock 
microstructures for qualitative plug screening, petrography and 
digital rock modeling/simulation (for petrophysical property 
determination). Our patented iterative reconstruction provides 
the critical image resolution and high signal to noise that is 
essential when assessing reservoir potential.

Pore-scale features define the chemical and physical properties of 
a reservoir system and govern reservoir quality and performance. 
MicroCT data fills the gap between whole core imaging (sub-
millimeter) and FIB-SEM (sub-micron).

HeliScan images maintain geometric fidelity over the entire 
detector range; there’s no need to crop the results. This in turn 
provides the high-resolution imaging and statistical models 
necessary for integrating and correlating other imaging scales and 
modalities (e.g. spatial mineralogy), building a better understanding 
of predictive flow processes in oil and gas reservoirs.

Non-destructive region-of-interest imaging though a laminated sandstone 
plug. (Left) Overview scan showing the entire 25 mm diameter plug at an image 
resolution of 10 μm/voxel. (Right) Non-destructive sub-sampling using region-of-
intertest scanning, showing 6 mm diameter sub-volume at 2.5 μm/voxel resolution.

High-resolution (<400 nm) carbon-fiber-reinforced polymer (CFRP).  
Threshold can be adjusted to determine fiber segmentation.

Segmentation of a fiber reinforced polymer showing fibers and voids.

4. Phase retrieval reconstruction
Imaging fiber-reinforced polymers with X-rays is challenging due 
to low absorbing contrast. The HeliScan microCT uses an open-
pumped X-ray source operating between 20 – 160 kV. The lower 
voltage settings are particularly important for visualization of 
low-Z materials. Phase retrieval on the HeliScan microCT, based 
on the phase contrast signal, allows automatic segmentation at 
high resolutions.
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