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Abstract: Mechanical wear, corrosion and erosion of the structural materials in machines and apparatus are destructive processes which 

cause worsening of their basic operational characteristics throughout their life cycle. As a result, the technological equipment undergoes 
loss of efficiency and reliability. It becomes unsafe from hygienic point of view. The expenses needed for its maintenance in crease 

significantly as the time passes. Its economical efficiency decreases as well. Materials which are in direct contact with food products can 

also transmit metallic ions or low molecular compounds to the processed food products – a process which is known as “migration”. Thin 
Layer Activation (also known as Surface Layer Activation) is an unique, efficient and innovative radiation based method used for conducting 

of comprehensive studies on surface degradation of materials. It allows real-time measurements of wear intensities with exceptionally high 
sensitivity within the scope of several ηm/h (or µg/h). The article reviews the essential principles of the Thin Layer Activation Method (TLA 

Method), describes its applications, capabilities and advantages. Possible uses in food processing industry are assessed and potential 
benefits from its implementation are discussed. Technological equipment in food processing industry includes machines and apparatus for 

production and processing of food products and liquids, packaging equipment, sanitation equipment, equipment for refrigeratio n and 
maintaining of certain environmental conditions, transportation equipment and auxiliary tools and equipment. 
Keywords: WEAR, CORROSION, TECHNOLOGICAL EQUIPMENT, FOOD PROCESSING INDFUSTRY, THIN LAYER ACTIVATION 

METHOD, REVIEW 
 

1. Introduction 

Mechanical wear, corrosion and erosion of the structural 

materials are destructive processes which cause worsening of their 
basic properties. As a result, the technological equipment undergoes 

loss of efficiency and reliability. It becomes unsafe and the 

expenses needed for its maintenance increase as the time passes. Its 
economical efficiency decreases as well.  

Deterioration of surfaces which are in direct contact with food 

products and liquids in the machines and apparatus in food 
processing industry causes the release of particles of metallic and 

non metallic nature in the treated products. These particles can 
undergo chemical interaction with the food products forming new 

compounds and contaminating the products. Subsequent 

consumption of the contaminated food products can pose a long-
term health risk for the end users. 

The manufacture of food products is a process requiring the 

establishment and maintaining of specific conditions, such as high 
pressure and high temperature, needed for sustaining of certain 

biochemical reactions. The food products as well as the auxiliary 
substances used in their manufacture are most commonly 

chemically aggressive towards the structural materials. Factors such 

as pressure and temperature in some cases amplify the negative 
effects and accelerate the process of surface degradation. Chemical 

and biochemical agents used for sterilization and sanitation of the 
equipment are even more aggressive and destructive towards the 

materials. 

Mechanical loadings and friction also lead to the release of 
metallic and non metallic particles in the processed food products as 

a result of surface wear. Components such as knives, molds, shafts, 

bearing, pistons, instruments for extrusion, moving parts in pumps, 
moving parts in refrigeration equipment, etc., are all subjected to 

cyclic forces with substantial magnitudes. Cavitation also causes 
significant wear in the pipe systems, pumps, heat exchangers and so 

on. 

Detailed studies of the processes of wear, corrosion and erosion 
in the food processing equipment are of a great importance and 

significance [1, 2]. The information regarding the mechanisms of 
the surface degradation as well as the influential factors can serve 

the designers and engineers in favour of creation of new better 

equipment with higher efficiency, reliability and safety 
characteristics with much longer operational expectancy. The 

existing equipment can also be improved and its life extended. 

Presently there are several widely used methods for assessment 

of the wear of the materials which can be divided into a group of 
methods which allow real-time measurement of the wear and a 

second group of methods which do not provide chance for real-time 
measurements. 

Real-time measurement methods include the use of different 
sensors such as capacity sensors, eddy-current sensors or distance 

sensors. Monitoring the content of the wear particles in lubricant 
fluids is also an option. 

The second group of methods consists of measuring and 

comparing the mass or the volume of a machine part before and 
after wear occurrence. These parameters are related to the density of 

the material [3]. Another approach for assessment of the wear 
consists of measuring certain geometric parameters of the wear 

mark and then calculating the wear volume. 

All these methods however do not provide the opportunity for 

precise enough determination and assessment of the wear and its 
intensity. Certain disadvantages and specifics of their 

implementation do not allow the achievement of high accuracy 
measurements with low enough resolution. Thin Layer Activation 

(TLA), which is also known as Surface Layer Activation (SLA) is a 
radiation methods for studying of the surface deterioration of the 

materials. It consists of activation of a thin layer of a surface and 

subsequent measurement of its activity. The wear is then 
determined by the decrease of the activity as a result from the loss 

of material from the activated surface. 

2. Basic methods for activation of materials 

There are essentially two basic ways for activation of a material 
by creation of particles of different radionuclides in them. These 

ways are the neutron activation and ion beam activation. 

Neutron activation is conducted by bombardment of a material 

with thermal neutrons. Neutrons penetrate trough the entire volume 
of the bombarded target of specific material. As a result of the 

occurring nuclear reactions, a homogenous bulk activation is 
achieved with the part having uniformly distributed activity. 

Typically a fission reaction within a nuclear reactors is used as a 
source of neutron flux needed for the activation process. Natural 

sources of neutrons such as 252Cf could also be used as well as 

sources with 241Am in combination with 9Be. 

Austenitic non magnetic stainless steel is the most widely used 
material in the food processing industry. It contains additional 

elements such as chromium, nickel, titanium, manganese and 
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others, with iron serving as basis for its formation. Typical carbon 
content of the most frequently used steel alloys in food processing 

industry is between 0,1% and 0,5%. Neutron activation of a 
austenitic stainless steel would produce radionuclides such as 55Fe, 
59Fe, 51Cr, 59Ni, 63Ni, 65Ni, 56Mn, 60Co and 51Ti. Neutron activation 
is not the preferred option for wear studies since it results in the 

activation of the entire part. This significantly reduces the 

sensitivity of the measurements since the decrease of the activity is 
difficult to be detected as it makes almost insignificant portion of 

the total activity [4]. 

Thin Layer Activation method mostly relies on ion beam 
activation approach which consists of bombarding the target 

material with high energy charged particles such as protons, 
deuterons and alpha particles. Unlike neutrons, charged paricles 

penetrate and lose energy within few millimeters in the bombarded 

material. Some of them interact with the electrons of the atoms 
while others interact with the nuclei of the atoms which results in 

the formation of radionuclides. An example of such nuclear reaction 
is the formation of 56Co followed by the ejection of a neutron by 

bombarding 56Fe with protons as follows: nCopFe  29

56

2730

56

26
. 

Unlike neutron activation approach, which leads to a bulk 

activation of the entire parts, ion beam bombardment results in an 
activation of a surface layer only. The achieved activity is higher at 

the exterior of this layer and lower as the depth increases [4, 5, 6]. 

Activation of all metals and alloys which are of significance for 

the food processing industry is achievable by using ion beam [4, 5, 
6, 7, 8]. Activation does not affect the basic properties of the 

materials. Typically cyclotrons and linear particle accelerators are 
used for generation of high energy ion beams. 

Polymer based materials such as plastics as well as some 

ceramics cannot be activated directly by exposing their surfaces to 
high energy streams of charged particles. These materials are 

activated by being impregnated with radioactive nuclei mostly by 

different ways of sputtering [4, 9, 10]. Usually, metallic target is 
activated by being bombarded either with neutrons or with high 

energy charged particles such as protons, deuterons and alpha 
particles. The activated target is then subjected to a treatment, so it 

can be used as an ion sputtering cathode. Heavy radioactive ions 
from the cathode are then accelerated with linear accelerator, so 

they can be implanted into the surface layer of the studied material 

[4, 10]. 

3. Thin Layer Activation – method essentials 

The Thin Layer Activation (TLA) method consists of an 
activation of a thin layer of a surface which is subjected to friction 

and wear. The wear is determined by measuring the reduction of the 
activity of the activated layer (figure 1). The decrease of the activity 

as a result of the natural radioactive decay is accounted by 
calculating the relative activity AR as follows: 

t
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where: 

 AM – measured activity, 

 A0 – initial activity after activation, 

 µ – constant of radioactive decay, 

 t – time since activation. 

The wear is a function of the decrease of the relative activity. 

 

Fig. 1 Basic principle of the Thin Layer Activation method. 

 

There are essentially two approaches to assess the wear of the 

surfaces by implementing TLA. One is to conduct direct 
measurement of the activity of the surfaces which are activated and 

are subjected to influences which cause their degradation. This 
approach requires gamma detection equipment to be positioned at 

close proximity to the studied surfaces, which is not always possible 

due to various limitations. In some cases gamma rays emitted from 
the activated surfaces have to be detected trough thick metallic 

walls and from significant distance. This requires higher initial 
values for activity to be achieved when activating the surfaces, 

which poses additional concerns from radiation safety point of 
view. Machine parts subjected to friction release heat which could 

cause heating of the gamma detection equipment which could result 

in worsening of its accuracy and reliability – results could be 
compromised. 

Second approach involves determination of the content of 

radioactive particles in the lubricating fluids. As a result from 
wearing and surface degradation, radioactive particles from the 

activated surfaces are released in the lubricating fluids and are being 
carried away. By detecting the presence of these particles in the 

stream, the process of wear can be “observed” in real-time with 

accuracy in the scope of several ηm per hour or µg per hour [4]. The 
particles serve as a radiotracer elements. Application of this 

approach does not require gamma detection devises to be placed at 
close proximity to the surfaces whose degradation is being studied. 

Lower initial activities are required from the process of activation. 
An alternative is to use filtering system which captures and collects 

the radioactive tracing particles in the stream. Gamma detection 
equipment therefore can be mounted at the filter. The accuracy and 

sensitivity in this case is limited by the efficiency of the filter as it 

cannot capture all radioactive particles released in the stream as a 
result from surface degradation. 

4. Advantages of Thin Layer Activation method 

TLA has many distinguishable advantages in comparison to the 

traditional methods for studying the degradation of surfaces of 
structural materials as a result from corrosion, erosion and 

mechanical wear [4, 5, 10, 11, 12]. 

It can be used to study the degradation process of specific 

surfaces or even selected areas within the surfaces – something that 
cannot be done by using more common methods. Studies of 

simultaneous wear of multiple surfaces which undergo friction can 
be studied in real-time. Comparing weight or volume of parts is the 

most popular method for assessing the wear. This method however, 
does not provide an opportunity to determine the wear of selected 

surface of interest. Only total loss of material can be determined. 

TLA also allows conducting of non-destructive monitoring of 

the wear of specific parts in functional technological equipment 
from distance while the equipment is still working. In this case it is 
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not necessary to interrupt its operation or disassemble it, in order to 
reach the studied parts. Wear intensities as low as several ηm/h or 

µg/h can be easily detected – a sensitivity which cannot be achieved 
with traditional methods due to number of limitations [4]. Since 

gamma rays penetrate trough different materials and can be easily 
detected, TLA enables studies of the wear of machines parts which 

are hard to access. 

5. Conclusion. Potential applications and benefits

for the food processing industry. 

Food processing industry encloses many sub-level industries 
ranging from the manufacture and processing of food products and 

liquids to the production and supplying of individual machine parts 
to be added into the technological equipment. This also includes the 

production of equipment for refrigeration and maintaining of 
specific environmental conditions essential for long-term storage 

and transportation of food products as well as packaging equipment 
and tools. Manufacturing and processing of products which are 

intended for consumption is done under strict requirements for 

sanitation and hygiene, thus industries providing the necessary tools 
and equipment are also to be considered as part of the food 

processing industry. 

The aim of the engineers creating modern processing equipment 
and tools for the food industry is to design machines and apparatus 

which are more reliable, safer, economically efficient, has longer 
operational expectancy, consumes less energy, is easy to maintain, 

easy to clean and sanitize, is less likely to contaminate the 

processed products and the environment and has higher 
productivity. Destructive processes such as corrosion, erosion and 

mechanical wear affect negatively all the functional characteristics 
of the technological equipment. Although these processes cannot be 

avoided, a comprehensive knowledge on the mechanisms of their 
occurrence as well as the factors which affect them can help the 

modern engineers in the goal for optimization and improvement of 
the technological equipment, so the negative effects are minimized 

and the wear intensity reduced. Thin Layer Activation method 

provides an excellent opportunities for performing of 
comprehensive studies of the wear and corrosion in the machines 

and apparatus in food processing industry.  

Migration is a process specific to the food processing industry. 
It is a hazardous phenomenon consisting of different particles being 

released in the food products and liquids as a result of the 
degradation of the surfaces which are in direct contact with these 

products. Metals tend to release metallic ions in the food products 

while plastics and other polymer materials such as rubber and paper 
normally release low-molecular weight compounds. Some of these 

particles can be chemically neutral with respect to the food 
products, while others can undergo chemical interaction forming 

additional compounds within the food products. All these products 
of migration process are subsequently consumed along with the 

food and find their ways into the human organism where they can 

pose long-term health risk. The process of migration is intensified 
when certain conditions such as high temperature and/or high 

pressure combined with chemical aggressiveness are met during 
biochemical and thermal treatments such as boiling, frying, baking 

and fermentation. Migration occurs not only in food processing 
equipment, but in food packaging as well.  

Thin Layer Activation method is an excellent opportunity for 

conducting a comprehensive studies of the process of migration. 
Considering the detection abilities of the modern gamma sensing 

technologies and spectral analysis equipment, one such study using 

TLA techniques would achieve sensitivity that cannot be matched 
by other methods, enabling real-time monitoring of the process. 

Development and technological improvements as well as 

increasing availability of ion beam generation equipment make Thin 
Layer Activation method more accessible for researchers across the 

globe. 
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