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Facilities for Non-Destructive Testing

Main NDT methods:
- Visual Inspection (endoscopy, digital microscopy);
- Dye penetrant / Magnetic particles
- Thermography  
- Electromagnetic Methods (Eddy currents, others)
- Ultrasound (Conventional and Air-coupled)
- Low intensity digital X-ray
- Terahertz
- Other customized NDT techniques 
- NDT innovations based on bacterial cells

- Homemade equipment & Other commercial equipment…
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NDT Lab at FCT NOVA
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Main Research Areas

https://www.scopus.com/authid/detail.uri?authorId=7004578662



Looking at the history of NDT…

Railway  *  Big Casting  *  Welds  *  Aircraft´s Fuselage…

1850´s 1940´s1930´s1860´s 1920´s

PAST / TODAY NDT NEEDS

2020´s

Since 1940´s: No new NDT methods, from the physical phenomena point of view…

New physical 
phenomena for NDT? 

Bacteria

Hypothesis: Can we use non pathogenic bacteria as a defect detector?

EMERGING NDT NEEDS

New materials, 
manufacturing, products

Requiring:
new and 

different NDT 
methods.

Note 1: The dates presented refer to the industrial implementation of the NDT and not to the discovery of the physical phenomena.
Note 2: Physical phenomena are the target, but not NDT techniques (eg. microwave and thermography NDT are considered in Electromagnetic Radiation phenomena).
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Why using bacterial cells?

The mais Idea is to explore the:
- Live attributes;
- Natural intentionality

Bacterial cells preferentially adhere to surface irregularities, such as:
roughness, cracks and voids. 

Can it allowing the identification of these defects?

i) small dimension (< 1 μm)

ii) high penetration capacity (due biosurfactants)

iii) motility (flagella, gliding…)

iv) adherence
v) reproducibility and death
vi) fluorescence
vii) endothermic /exothermic 
viii) susceptibility to electric and magnetic fields.
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PROOF OF CONCEPT

Before + Bacteria
Anodized pattern in aluminium

Live material
bacteria

Inert material 
µ defects

1. DEFECT AFFINITY

3. REVEALING SURFACE MORPHOLOGY
Bacteria in nano indentations

laser weld in NiTi

2. DEFECT DETECTION
Artificial

Real

Main Idea: link live and inert material in NDT
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4 main factors governing the technique

Interaction 
mechanisms 

between
bacteria

and 
materials

Chemical composition of the surfaces

Surface Topography

Defects
geometry

Crystalline 
structures 
of existing 

phases

The compatibility, the interaction and the adhesion mechanisms between materials and bacteria are 
interesting, complex and interdependent of multi factors:
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Scientific Aspects Detailed
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Stages: analogy with Dye Penetrant
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Set-Up inspection process 

- The technique is totally innocuous;
- No biological risks to the operator;
- Only non-pathogenic bacterial are used (Biosafety Level 1);

deposition                                    penetration                                    excess removal                  observation
only 4 min                                       non intrusive 

An electrical or magnetic field can be 
applied to improve the bacteria 

mobility and migration into defects.

Allowing the visibility 
by naked eye
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Susceptibility to electric and magnetic fields
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Susceptibility to electric and magnetic fields

Effect of a magnetic field on S. aureus cells movement. 
The cells were observed during an exposure time of 10 s at a magnification of 150x, in the absence (a) and in 
the presence (b) of a alternating magnetic flux density with a frequency of 1 Hz and an amplitude B = 40 mT.
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Experimental Results

Micro surface defects were produced using a micro hardness indenter with a Vickers pyramid.

Morphology of 
the artificial 

defects

D

Bacterial cells inside a defect
Suspension of bacteria under 

3 matrices of defects

Bacterial cells used:

- Rhodococcus
erythropolis
(0.92 µm long)

- Staphylococcus 
aureus 

- Staphylococcus 
hominis
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Experimental Results

Matrix of nano indentations produced in AISI 316L observed under 
SEM (a) and optical microscopy after testing with R. erythropolis
without magnetic fields (b).

Nano Indentations

The side length 
range was
12–5.3 µm and 
the depth was
1.4–0.6 µm. 
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Experimental Results

Berkovich nano indentations in 24 kt Gold inspected with Rhodococcus erythropolis.
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Experimental Results

Scanning electron microscope (SEM) images of the bacteria inside a defect.

Bacterial 
cells 

Bacterial 
cells 

Defect: Vickers pyramidal indentation  Defect: Groove
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Experimental Results

Micro manufactured components
(Metallic screw obtained by µPIM)

SEM micrograph 
highlighting bacteria on 
the external thread crest.

Height profile
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Experimental Results

Scanning electron microscope (SEM) images of the bacteria inside a defect.

Bacterial 
cells 

Bacterial 
cells 

Real defect: Micro manufactured components
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Experimental Results

Scanning electron microscope (SEM) images of the bacteria inside a defect.

Bacterial 
cells 
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Experimental Results

Laser spot welding in Ti
Bacteria reveals the radial cracks

Anodized AA2xxx with micro indentations

Bacterial cells can reveal some topographic surface 
attributes not visible by optic microscopy

Micro-laser weld of NiTi
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Wishes for the future of END?

1) Lower the detectability threshold (Smaller defects)
2) Increase reliability ( PoD and ROC)
3) Reduce inspection time and cost

Non contact
(Less Intrusive)

Automatable
(Reduce operator intervention)

Image (Digital)
(Ease of Interpretation)

IAC-NDT
What else is needed in 22' of Sec. 21?

Image
Automatable
Contactless



Eligible methods for IAC -NDT?

Criteria Visual 
inspection

Dye 
Penetrants

Magnetic 
particles

Radiology 
EM Radiation

Ultrasound Eddy 
Currents

Defects

Surface

Sub-surface

Volume

Material
σ ≈ 0

µ ≈ 1

Access to 1 surface only

No contact

Automatable

Produces image
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THz

f (Hz)

λ (m)

microwave Infra-red Ultravioletradio waves X ray

γ- rays
1 m

300 MHz
(0.3 GHz)

3 mm
100 GHz
(0.1 THz )

100 µm
3 THz

terahertz

10 nm
30 Hz

Visible
750 nm
400 Hz

400 nm
750 Hz600 nm 450 nm

0.01 nm
30 EHz

3 THz f   0.1 THz
10 0 μ m λ   3 mm

1 THz = 1×10 12 Hz
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How do THz interact with materials?

𝐼 = 𝑓(𝑥)

Material
(µ - Linear Absorption Coefficient)

௫ୀௗ
Defect

Radiation
absorbed

Transmitted

decay
of I (x )

Atenuation

Refractive index (n = c/v)

Reflect on the conductors!
It is absorbed by water!



28

Setup: Source, Sensor and Setup
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Source Characterization + Sensor

1.5 mm
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Fabry-Perot Effect
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Fabry-Perot Effect

1.5 mm

Source

Detector

Constant 
Distance
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C-Scan on 3D Printing PLA with a defect

20x20x0.5 mm defect on a 
4 mm thick PLA sample.
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Fabry-Perot Effect

Source DetectorSampleAir Air
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Fabry-Perot Effect
Calculated
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Fabry-Perot Effect
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Benchmarking: THz vs US, IV, Rx
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Active Transient Thermography

700 W 
Heating 
Bulb

Thermal 
Camera

Sample
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Ultra-Sound Air-Coupled (200 kHz)
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Digital X-Ray
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THz
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Benchmarking
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Thin metallic wires
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Other THz applications
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Other THz applications
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Numerical Simulations

- Finite Element Method.

- Ansys HFSS.

- Mesh with 500 000 
tetragonal elements.
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Numerical Simulations
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Numerical Simulations

Copper Wire Image
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Numerical Simulations

Water Infiltration 
THz Image
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Scientific Aspects Detailed
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ECNDT 2023
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