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 Abstract  

Non destructive penetrant testing (PT, LT) is a fundamental flaw detection method, that is 

widely used in practice. It is based on the detection of surface and through discontinuities in 

materials and structures by analyzing of the testing and working substances, which come out from 

defects. Despite on the visible simplicity the implementation of PT and LT allows to reach the 

record sensitivity. However, it’s potential is far from exhaust. And the future of it’s development is 

associated with the use of modern physical and chemical analytical techniques. Some examples of 

such approach are below: 

Dye penetrant on this base was developed for food industry. Improvement tasks were solved 

too by creating of complex sets of flaw detecting materials without the use of flammable solvents. 

In such direction it was proposed developer which by their nature are designed to work perfectly 

with the new penetrants.  

These examples confirm the broad future for development of the PT method and range of 

NDT tasks, which solution becomes possible. 
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1. Introduction 

Our enterprise was organized in Kiev (Ukraine) as department of the Institute 

of physical chemistry National academy of science of Ukraine. From the very 

beginning our efforts were concentrate on the development of  NDT by penetrating 

substances. Among other’s NDT directions this method differs on principle, because 

is based on application of special substances - “penetrants”. Such gases or liquids are 

used to indicate defects by means of different physic and chemical methodise. Today 

every NDT specialist knows a lot of  “penetrants” for realization of LT and PT. But 

our experience prompts, that the method of penetrating substances has more large 

possibilities, which allow solving a lot of non-usual technical questions. Bellow we’ll 

explain this thesis on different results of our activity. 

2. Detection of mechanical deformations of aircraft design. 

Methods for determination of substances, using luminescence phenomena, are 

among the most sensitive methods of non-destructive testing (NDT). They are 

connected with unique features of luminescent materials (LM) and the properties of 

the eye, as universal tool for control. 

These factors were contributed to the wide dissemination of the luminescent materials 

(LM) and inspection technologies. Among the first mentioned LM special grades of 

oil "noriol" and "shubekol" were used in penetrant inspection. During the Second 

11th European Conference on Non-Destructive Testing (ECNDT 2014), October 6-10, 2014, Prague, Czech Republic
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World War it was proposed to improve the material for fluorescent penetrant 

inspection by introducing in them synthetic organic phosphors. Such LM is widely 

used in industry for non-destructive testing. Currently, in order to increase efficiency 

(quantum yield) luminescence apply cascading composition of different phosphors 

were applied. Despite the visible simplicity fluorescent flaw detection sensitivity has 

a record data that is not available by other NDT methods. It can detect surface 

defects, which have opening width, equal shares microns (I class of sensitivity). 

Based on inorganic phosphors were created LM for control surface of porous 

building structures (method of filter suspensions). Fluorescent penetrants for 

implementing capillary and leak testing are widely used in the nuclear industry. There 

are other examples of the use of luminescence for the control of surface, for example, 

verifies the absence of contamination. Thus luminescence phenomenon is widely 

used for quality control of industrial products.  

After analysis of aircraft’s collisions with birds it was found that maximum of 

such accidents (82 %) had happened during take-off or landing of planes. As a rule 

such blows don’t lead to tragic consequences. But as a result can be destroyed 

elements of design and the plane can lose drive possibility. Risk of damage from 

bumps is lurking airplanes and during it’s use on unpaved airfields. 

Modern heavyweight planes have a large size of drive elements. And it’s not 

possible to realize non-destructive control of such details between flights (for 1-2 

hour). As you can see, express control of plane’s surface is stile important.  

This task was solved in SE “KOLORAN by means of luminescent NDT. It was 

put into practice the method of trailed coatings. For this aim the design with regular 

coatings was painted by special vanish, which include luminescent indicator.  

Then such detail was painted by pure vanish and assembled on the plane. If by any 

reasons the design was lowed, vanish layer had destroyed and the water dissolves the 

indicator and in ultraviolet light you can register places of blow. Such approach is 

especially perspective, if used planes on soil airfield (Fig. 1). 

 

 2. The Leakage of large avia constructions. 

Years of operating experience of design Bureau "Antonov" demonstrated high 

reliability and service life of plane’s constructions. However, despite the fact that the 

actual service life of these structures significantly exceeded it’s expected life, pilots 

are faced with the need to repair structural elements, such as recovery-sealing fuel 

tanks caissons. The design of such tanks has volume, more than 100 m3, and 

comprises applying of continuous layer of sealant on the inner surface. As a result, 

the place of leakage of fuel ("exit" of leak) may be located at a considerable distance 

from the "entrance" of a leak. Therefore to determine the topology and repair the 

defect - leakage you have to remove sealant and dismantle part of the structure. It is 

expensive and difficult task, which was solved by applying of fluorescent penetrant. 

 



 

 Fig. 2 shows a fragment of tank caisson. To study the topology of the defect the tank 

residues of fuel and an outer surface in the "exit" of leakage treated with fluorescent 

penetrant. 

 By capillary action it penetrates into the channel of leakage, passes under the 

sealant and reaches "entry" of the leak. When illuminated of the inner surface of the 

tank by UV lamp the exit of through defects recorded visually. The experimental 

work, carried out on the aircraft "AN-124", showed that the rate of movement along 

the canal of penetrant leak up to 10 cm / min. After detecting the "input" it eliminates 

leaks, changing a defective item fastener, or sealing the "input" of leak by means of 

anaerobic sealant. Thus the complexity of the repair greatly reduced. 

 

 



 

 

3. The search of leakages by integrated technology. 

The search of leakages in hermetic constructions produces with the use of 

special substances - penetrants, which are detected by means of different physical and 

chemical methodise. As penetrants are used hydrogen, helium, halogens and others. 

One of the most widely used testing substances is air. It is completely harmless gas, 

reserves of which are practically unlimited and available. If the defect is new, or well 

cleaned, it contains an air only. So the operation of filling by penetrant is excluded 

from the technology cycle. These benefits are the reason of traditionally usage an air 

for implementation of “bulb”, ultrasound (US) and other methods for leak detection. 

The US method is one of the most promising variants of leak testing (fig.3).  

 

 

 

 Fig.3 Ultrasound leak testing inspection 

 

 

It is based on the registration of ultrasound vibrations at the exit of the defect and 

allows realizing long-ranged control with high productivity. Among disadvantages of 

US method we have to point low sensitivity and dependence of results on gas flow 



regime. But all dignities of US method can be used in full volume, if it is applied 

together with chemical method of leak testing (CMLT). This integrated technology 

allows to find rapidly all large leaks and then detect micro leaks by colour or 

fluorescent “traces”, which appears as a result of the chemical reaction of indicator  

 

 

Fig.4  Colored "traces" of defects. 

with air components. Such integrated technology demands to protect the chemical 

indicator from exposure from ambient atmosphere. This task we solve by light 

transparent resin composition. New synergetic testing allows examining large 

surfaces simultaneously without creating excessive pressure in the design.        

4. The detection of corrosive damage underneath of paint spraying. 

 A bright example of the application of non-destructive method of penetrant 

testing to solve non-standard technical tasks is to search for initial corrosion centres 

under regular paint spraying (RPS). Particularly acute this problem occurs during 

operation of naval aviation. To solve it, the authors proposed to use the indicator 

compounds forming colour or fluorescent complexes with metal ions design aircraft. 

 When planting a flying boat on the sea surface action shock combined with 

corrosive effects of sea water. Such multiple synergistic effects destroy the paintwork 

and develop underneath corrosive damage. If during the repair work on the painted 

marine aircraft, we put a chemical indicator, the field of development of corrosion 

under the RPS formed coloured or fluorescent "drawing." In this way, for example, 

was investigated surface condition of flying boats "BE 200" without the use of 

special equipment (fig.5). 

 



 

 

Fig.5 Corrosion under paint. 

5. Creation of new materials for penetrant inspection. 

 One of the main objectives is to create a flaw harmless penetrant testing 

materials (PM). History of development of inspection gives us vivid examples of how 

in pursuit of sensitivity and other improvements practically important characteristics 

of materials sacrificed to environmental safety and toxicological properties. Textbook 

example of this approach is the classical recipe of fluorescent penetrant LG-6A, 

which is widely used in the testing of aircraft engines. Record sensitivity of penetrant 

testing, using LV-6A, was achieved by a solvent detolilmetan (50% by weight), 

which is carcinogenic. Moreover as the phosphor in the penetrant RT 490 yellow-

green is used. It’s a reagent that causes severe allergies. 

Therefore, when working on the development of fluorescent flaw, as the main 

direction was chosen to create a new harmless penetrant testing materials In addition 

to developing new formulations of non-toxic penetrants were investigated new 

developers, that are applied to the test product and the defect is visualized through the 

adsorption of the dye of the defect. A key step in such studies has been identifying 

and researching porous sorbents that are part of the developer. 

Porous coordination polymers were investigated as of a new class of sorbents, 

the study of which began in the second half of the 1990s. These compounds are 

formed by combining the metal ion with organic lagans rigid form mono-, two- or 

three-dimensional porous scaffolds that resemble construction (bar systems) at the 

molecular level. Selection of the porous polymers provided by coordinating operation 

due to the presence in their structure of aromatic rings, which are supposed to have 

high affinity for the dye molecules to organic phosphors also containing aromatic 

systems. A dye affinity sorbents was determined by TLC (thin layer 

chromatography). It was established, that a number of the studied samples can be 

easily applied to the surface by an aerosol spray. That allows us to consider them as 

prospective developers (fig. 5). It is shown, that the adsorption of the dye sorbents, 

studied by us, does not lead to any noticeable dampening of its luminescence. 

 



 

 

Fig.6 Grinding cracks (width 0.3 m), manifested by luminescence method 

 As a result of our work created a set of fluorescent penetrant testing materials, 

providing sensitivity control for the first class in accordance with GOST 18442-80 

and different ecological purity and harmlessness. The results, obtained, together with 

data on the characteristics of luminescence in nano-particles materials [13, 14] 

confirm the possibility of further improvement of the procedures and materials 

luminescence inspection to detect submicron defects. 

CONCLUSIONS 

 The unique capabilities of the defectoscope materials are now widely used in 

non-destructive testing of parts of structures. However, according to our research, the 

possibility of fluorescent inspection is far from exhausted. A number of new tasks, 

related to maintenance and repair of aircraft, were solved by means of using capillary 

flaw and leakage detection method. In the course of this work was created materials 

with improved characteristics for:  

-  detecting of blow “traces” on heavy weight planes. Application of fluorescent flaw 

allowed creating technology inspection and repair of large avia designs, mechanical 

damage detection of aircraft, etc.;  

- search of leakages in hermetic constructions produces with the use of special 

substances - penetrants, which are detected by means of different physical and 

chemical methodise; 

- creating pioneer integrated technology of leak testing; 

- detection of corrosive damage underneath of paint spraying; 

- development of new penetrant inspection and so on. 

 These examples confirm the broad prospect of application results of basic 

research in non-destructive testing. 
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