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Abstract 
Isotropic pyrocarbon used in various fields of technology: as a gasket in aircraft and space engines, gaskets in 
pumps for pumping corrosive liquids in new designs of compressors for pumping gas and oil. In addition, it is 
used for the manufacture of artificial heart valves of man. Modern ultrasonic inspection reveals their appearance 
in size from 1 mm. We are using contact laser-ultrasonic method for detection these defects in an isotropic 
pyrocarbon. Acoustic pulse excited by the laser has short duration (70 ns FWHM) and as a result, high spatial 
resolution. In-depth resolution of the system in the isotropic pyrocarbon is ~100 um. Phase of the reflected signal 
clearly indicates the nature of inclusion: positive - anisotropic pyrocarbon, negative - soot inclusion. The 
presence of the inclusion of the anisotropic phase was checked by destructive method - by polishing the sample 
and observing it under polarized light of metallographic microscope. Photographs in polarized light shows two 
layers of anisotropic pyrocarbon at a distance of ~30 micron from each other. These inclusions can be seen on B 
scan as a single object, because distance between the layers is less than the spatial pulse length. The results of 
test show, that contact laser-ultrasonic evaluation can be effectively explored for isotropic pyrocarbon 
investigation. 
Keywords: Laser ultrasound, isotropic pyrocarbon. 
 
1.  Introduction 

Isotropic pyrocarbon  (IPC) used in various fields of technology: as a gasket in aircraft 
and space engines, gaskets in pumps for pumping corrosive liquids in new designs of 
compressors for pumping gas and oil. In addition, it is used for the manufacture of artificial 
heart valves of man. The reason for such a broad application of the isotropic pyrocarbon lies 
in the fact that it is incombustible, non-explosive, non-toxic, it does not have an open 
porosity, and it is easy to handle.  

 

 

  

a) b) c) 
Picture 1 – Structure of isotropic pyrocarbon with inclusions of anisotropic pyrocarbon: a – 

with flat shape; b – separate inclusion; c – as a plaser of small inclusions. Obtained on a 
polarizing microscope at 160X magnification. 
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a) 
 

b) 
Picture 2 – Structure of IPC with inclusion of APC layers. Obtained on a polarizing microscope 

at 500X magnification 
 

IPC produced by chemical vapor deposition. Fluctuation of temperature increases the 
degree of supersaturation of the gas phase by carbon. That could form inclusion anisotropic 
pyrocarbon (APC) in the IPC or layers of soot. These inclusions are undesirable in IPC. 
Illustration of APC inclusions in IPC is shown in picture 1. It could have flat shape (a), 
separate inclusion with diameter about 30 um (b) or as a placer of small inclusions (c). All of 
them were observed by using polarizing microscope at 160X magnification.  Layers of APC 
inclusions are shown in picture 2. 

Soot inclusions may be present in the IPC as solid or local layers. As a rule, they are 
concentrating on the front or rear surface of samples. Metallographic techniques could not 
detect soot inclusions, but they could be detected by ultrasonic methods. 

All of these defects (APC and soots) are the centres of concentration of stresses and 
reduces the strength of the material. So, 
discovery of defects in isotropic pyrocarbon is a 
very important issue when using it under load. 
Modern ultrasonic inspection reveals their 
appearance in size from 3 mm. Sensitivity of 
this technique does not provide the required 
accuracy of the test results because they does 
not reveal the size of particulate inclusions with 
less than the size of the artificial defect (a hole 
Ø3.0 mm with pressed PTFE rod).  

Contact laser-ultrasonic (LU) method 
provides broadband acoustic pulse that could 
help us to detect these defects in IPC. 

 
2. Contact laser-ultrasonic evaluation 

Laser-ultrasonic evaluation utilises 
excitation of an acoustic pulse by absorption of 
the laser pulse in special medium (so called 
generator) [1]. More precisely, ultra-fast 
expansion of generator emits acoustic pulse. 
Structure of laser-ultrasonic transducer is 
shown in picture 4 [4]. Laser pulse enters the  

 

Picture 4 – Structure of laser-ultrasonic 
transducer. 1 – fiber holder, 2 – 
acoustic and optical guide, 3 – 
generator, 4 – object, 5 – PVDF 
film, 6 – amplifier, 7 – transducer 
housing. 

 



transducer through optical fibre (1). It falls to the generator surface (3) through optical guide 
(2). The absorption of laser pulse 
leads to fast heating of the 
generator layer, which expands 
to produce an acoustic wave. 
The opposite surface of the 
generator is in acoustic contact 
with an object (4) of study. The 
acoustic radiation is received by 
a damped piezoelectric cell (5), 
located at the opposite side of 
sound guide (2). This receiver is 
well damped and has a wide 
frequency band of sensitivity, 
due to which ultrasonic signals 
with a high time resolution 
(about 0.05 µs) can be correctly 
received. Two acoustic waves 
are excited upon light 
absorption, one of which 
(reference signal) propagates 
toward the receiver, while the 
other propagates toward the 
object monitored. The waves reflected from the structure of object (4) propagate backward 
throughout the entire converter and are also detected by receiver (5). Signal from the receiver 
(5) is amplified by (6) and then digitized by ADC on-line with PC. 

Acoustic pulse excited by the laser has short duration (70 ns FWHM) and as a result, 
high spatial resolution. In-depth resolution of the system in the isotropic pyrocarbon is ~100 
microns. The high sensitivity of the acoustic waves to a change in impedance enables one to 
detect the inclusion with differ mechanical properties then in material under study. Phase of 
the reflected signal clearly indicates the nature of inclusion: positive - anisotropic pyrocarbon, 
negative - soot inclusion.  

Comparing signals excited in conventional ultrasonic and CLUE are shown on picture 
5. These signals have the same frequency of spectrum maximum. Signal of conventional UT 
has duration about 3 periods and LU signal has just one positive phase and negative tail. This 
tail is due to diffraction in the medium and can be offset by deconvolution. Duration of LU 
signal is lower than of the conventional UT signal, so its spatial resolution is higher 6-7 times. 

The exciting of one phase pulse with CLUE plays an important role, therefore it allow 
us to determine the type of inclusion opposite to conventional UT. Spatial length of pulse is 
shorter than thickness of the generator. Therefore signal from front surface could be separated 
from the reference pulse as it shown in picture 6. First of all, the reference signal (1) is 
received, than the pulse (2) reflected at the surface of an object is arriving. Pulse from rear 
surface is marked by number 3. Signal between pulses 2 and 3 contain an information on 
internal structure of an object. 

Signal reflected from APC inclusions should have positive peak between pulses 2 and 
3. Reflection from the soot should be negative and has small value, so it cannot be detected by 
the peak amplitude. Acoustic wave velocity in soot is lower than in IPC, so we can determine 
presence of the soot by increased delay of the signal from the rear surface. 

Picture 5 – Comparison of conventional US and laser-
ultrasonic signal with the same frequency of 
maximum of signal energy.  

 



 
3. Results of investigation of IPC objects 

Investigation of IPC objects was made on automotive positioning system and 
presented as B-scans (amplitude as a function of position and delay). White colour 
corresponds to maximum value (positive) and black colour – to minimum value (negative) of 
the signals. On picture 7 results of investigation of IPC object with APC inclusion are shown. 
At the top of the picture reference pulse (1) arrives, then the reflection from the front surface 
of the object (2) arrives. Then we receive shading pulse (5) APC inclusion (4) appears close to 
rear surface of the object and has layered structure. It can be evidently seen in picture 2(a). 
Reflection from rear surface arrives after them (3). Thickness of object was 10 mm and step 
on horizontal axis was 3.5 mm.  

Picture 6 – Typical view of LU signal. 1 – reference signal, 2 – signal reflected from the front 
surface, 3 – signal reflected from the rear surface  

 

 

Picture 7 – B-scan for the IPC object with APС layer inclusion. 1 – reference pulse, 2 – pulse 
from front surface, 3 – reflection from rear surface, 4 – reflection from APC, 5 – shading 
signal (reflection inside transducer).  
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Results of investigation of object with soot inclusion are illustrated in picture 8. This 
object has thickness about 10 mm. There are a lot of scatters close to the front surface (it 
could be the soot inclusions). Point 1 and 3 on the picture has large value of time-delay of 
reflection from the rear surface. Point 2 corresponds to the point with the least amount of soot 
(or without it). This criterion could be used to automate the process of searching for the soot 
inclusions. 

 
Conclusions 

Contact laser-ultrasonic evaluation of isotropic pyrocarbon provides powerful method 
to determine inclusion of soot and anisotropic pyrocarbon. LU pulses has higher spatial and 
wide broadband comparing to convenient UT pulses, that allows to determine the smaller 
defects. 
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Picture 8 – B-scan for the IPC object with soot layer inclusion. 1, 3 – place with soot 
inclusions, 2 – normal medium. 

 


