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The automotive sector is under constant pressure to minimize fuel consumption and reduce pollu-

tion emissions while maintaining a declining tendency for weight and cost reduction. This makes the 

material selection process a major of engineering design considerations. In the paper, the main auto-

motive requirements were formulated to analyze the potential of selected deposition (low pressure cold 

spray and ultrasonic atomizing) and material fabrication (sol-gel method) techniques for application in 

the automotive industry.  

1. INTRODUCTION 

The general trend in automotive engineering is and always will be more for less. 

The importance of material selection for product development is influenced 

by sought-after performance and operational characteristics. Most surfaces are de-

signed to work in dry conditions, and for that reason, hydrophobic surfaces are 

widely studied among many different industries, including automotive. The hydro-

phobic potential in automotive is used to repel water and dust, making the coated 

surface self-cleaning. This feature may prevent the surface from fading or stains and 

facilitate abrasion resistance, UV resistance, while extending the service life of 

the coated component.  

In the first place, the paper underlines the importance of material engineering in 

material selection for the automotive industry by displaying selected material engi-

neering solutions for automotive industry requirements. The following chapter pre-

sents literature overview aimed at indication of material trends and the most common 

materials used in the automotive industry. A description of modern automotive 
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coatings, as well as future perspectives focusing on the potential of low-pressure cold 

spray (LPCS) and ultrasonic atomizing (UA) for coating deposition and sol-gel tech-

nique as a method for material fabrication, is also provided.  

The paper constitutes a theoretical part to the master thesis of the first author [1]. 

The series of morphological, topographical, chemical, and thermal analyses of hy-

drophobic silica coatings deposited LPCS are presented in the previous papers [2–

4]. The initial research of UA coatings concerning the etching time and technique, 

delay influence between substrate preparation and coating spraying, as well as 

the deposition sequence, all influencing the hydrophobicity of deposited coatings, 

are presented in [5]. 

2. MATERIAL SELECTION AND INDICES OF AUTOMOTIVE MATERIALS 

The development of a new product is supposed to follow a specific routine (Fig. 

1). Engineering design process including geometry, material, processes, and eco-

nomic considerations [6] establishes product requirements. In terms of information 

flowchart, these requirements are defined as an input variable and can be treated as 

a starting point for introducing new ideas for materials or creating variants being 

outputs of the selection process [7]. The appropriate linkage between inputs and out-

puts is, however, ensured by proper selection process. This information processing 

relies on material selection based on available material databases. Alongside, the 

development of entirely new material is performed and introduced to the material 

bases, but this approach is more time-consuming [6, 7]. 

 

 

 
 

 

 
 

      

  

 

  

Fig. 1. Information processing routine for material selection, based on [7].  
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The growing importance of material selection can be summed up as: significance 

in design engineering and manufacturing in terms of final cost or cost of material, 

exploitation of available manufacturing technologies, providing adequate quality, 

consideration of aesthetics and possible failures; weighting material conservation 

and environmental protection in terms of limiting the quantities of utilized resources 

and environmental impact; facing technological advances in terms of familiarization 

and adopting new solutions and systems in materials technology [2].  

2.1. FUNCTION: AUTOMOTIVE REQUIREMENTS 

The emerging call for new technologies and solutions is one of the everlasting 

features of the automotive industry. Currently, minimization of the impact of vehi-

cles on the environment is an industrial trend gaining high popularity [8]. Previously, 

environmental care was commonly undervalued, which has been gradually changing 

due to government legislation, independent agencies, and eco-friendly community 

actions. The other automotive requirements are resource constraint and cost reduc-

tion [8]. For that reason, the number of actions from the very first day of the concept 

till the last day of the vehicle life is still invariably aimed at reduction of environ-

mental footprint at the least amount of resources and lowest possible price. 

The comprehensive approach of automotive companies to the implementation of 

environmental, economic, and cost requirements may involve technical and organi-

zational innovations improving the quality and reducing resource overuse, environ-

mental impact, and overpaying. Exemplary actions to implement automotive re-

quirements can be minimization of consumption [9] or elements’ weight [10], 

closed-loop cycles [11], environmental management [12], prevention of pollution 

[13, 14], cost reduction (Tab. 1). 

2.2. TRANSLATION: MATERIAL ENGINEERING SOLUTIONS 

Automotive engineering-imposed requirements are directly translated to the ma-

terial engineering world (Tab. 1). The material selection process, however, is driven 

by different assumptions than automotive engineering ones. Weight reduction and 

environmental protection criteria are not of prior importance. Resource cost remains 

still the decisive feature, but it needs to be balanced with performance attributes, 

listing mechanical, tribological, chemical, and physical properties.  
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Tab. 1. Approach for adapting new materials in the automotive industry, based on [3]. 

Automotive Industry 

Requirements 

Automotive Engineering Implementa-

tions 

Material Engineering Alterna-

tives 

Resource  

Conservation 

Minimization of Consumption 

Minimization of Elements Weight 

Closed-Loop Cycles 

High-Performance Resources 

Low-Weight Resources 

Recyclables 

Environmental  

Protection 

Environmental Management 

Pollution Prevention 

Closed-Loop Cycles 

Eco-Friendly Treatments 

Non-Toxic Resources 

Recyclables 

Price Reduction 

Cost Reduction of Development Stage 

Cost Reduction of Production Stage 

Low-Cost Resources  

Low-Price Solutions 

In automotive engineering, material science has never been more strategic. The 

process of material selection influences not only the final cost of the vehicle, but also 

contributes to increasing safety, risk mitigation, weight reduction, public outreach 

support, and cutting vehicle emissions. Material engineering provides the competi-

tive advantage of combining quality, emission goals, and legislation requirements 

with critical insight on the material characteristics (Tab. 1). This results in an opti-

mized fuel economy, recyclability, economics, and specification of the material.  

3. TECHNOLOGICAL ADVANCES AND POTENTIAL IN AUTOMOTIVE 

Within the wide range of materials in the automotive sector, steel and aluminum 

continue to play a major role among vehicle components. Various types of steel 

(highly-plastic interstitial-free steels, bake-hardenable steels, dual-phase steels, 

transformation induced plasticity steels, complex phase steels, mart steels, austenitic 

steels (twinning induced plasticity steels), high-strength and super-plastic steels, 

nano-structured hot-rolled steel, advanced high-strength steels, ultra-high-strength 

steels [15]) are commonly employed due to their high strength, possibility of plastic 

forming, welding, and coloring, sufficient service life when proper anti-corrosion 

treatment applied, satisfactory cost. Besides, the small thickness of steel sheets trans-

lates into significant vehicle weight reduction.  

Various types of aluminum (silumines with modifiers of the first type: titanium, 

vanadium and ultrafine particles of oxides, carbides, borides, and other non-metallic 
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inclusions, and modifiers of the second type: lithium, sodium, potassium, rubidium, 

cesium, sulfur and phosphorus [15]) are mainly used due to their low weight [16]. 

Metals and alloys are susceptible to corrosion. NACE Corrosion Basis defines 

corrosion as “the deterioration of a material (usually a metal) because of a reaction 

with the environment”. Corrosion is provoked primarily by the working environment 

and it affects the degradation rate of the material [17]. Additionally, mechanical wear 

(as a result of friction or fatigue) facilitates the corrosion rate. In steel, iron is oxi-

dized, which leads to the production of rust [18]. Aluminum is corroding due to in-

termetallic compounds in the alloy structure [19].  

A typical method for providing corrosion resistance is covering the susceptible sur-

face with protective layers.  

3.1. MODERN AUTOMOTIVE COATINGS – CURRENT STATE 

Due to the multi-functionality of automotive coating, usually the sandwich struc-

ture is used where each layer performs a specific function. A modern automotive 

coating includes: pre-treatment for cleaning and protection or just the surface of a ve-

hicle body; e-coat (electro-coating) for corrosion protection and prevention; sealer 

for leakproof, minimization of chipping, noise reduction; primer for finish quality 

improving basecoat adhesion and stone chip; basecoat for the cover tone; optional 

multicoat for additional visual effects (such as gloss or smoothness); and finally, 

clearcoat for color protection (weather resistance) and visual depth [20]. All the com-

ponents of sandwich structures of coating are applied using specific techniques with 

a certain time-lag between them. This leads to elongating the service life of the coat-

ing and shields the vehicle from external forces (environmental conditions such as 

rain, snow, fog, heat, cold, humidity, UV radiation, pollution, or mechanical condi-

tions such as scratching).  

The external panels of the vehicle, such as fitting panels, roof, side panels, are the 

first example when listing the automotive coatings. Other areas for coating applica-

tion are underbody, floor, wheel housings, rockers [20].  

There are several issues pertinent to the currently used solutions for the fabrica-

tion of automotive coating. The automotive industry requirements (Tab. 1) are ful-

filled as follows: 

• resource conservation – a large amount of paint cannot be recovered (40-50%) 

[21], improper paint amount affects the surface finish (composition of paint, 

final geometry, and coating positioning are the target surface characteristics to 

be controlled), number of initial and finishing techniques increases energy con-

sumption 

• environmental protection – an increase in paint utilization leads to volatile or-

ganic compounds (VOC) emission, the remaining paint should be stored 

properly in order not to pollute the environment, good air-conditioning is 
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needed to protect the operator and the workplace, but the spraying is humidity- 

and temperature-dependent 

• price reduction – large losses of paint and energy as well as waste collection 

and storage do not contribute to price lowering 

3.2. LOW-PRESSURE COLD-SPRAY (LPCS) – PERSPECTIVE FOR COATING DEPOSITION 

LPCS is extensively used in coating building or rapid manufacturing by spraying 

a powder [22–25]. The key importance distinguishing CS from other thermal spray-

ing techniques is that the powder is not melted in the gas stream during its deposition. 

For that reason, the temperature of the gas stream is set as low as possible, which 

facilitates retaining the structure of the initial powder [26]. The mechanism is not 

the temperature, but the increasing kinetic energy. The powder particles hit the sub-

strate when the critical velocity, different for each material, is exceeded. The accel-

eration of particles is obtained due to the introduction of feedstock powder particles 

to the gas stream. As particles reach the nozzle, their velocity is following the in-

creasing velocity of the gas stream (Błąd! Nie można odnaleźć źródła odwoła-

nia.a). The gas stream velocity is connected with the construction of the converging-

diverging nozzle itself [27]. In the converging part, the preheated gas is compressed, 

which leads to an increase of pressure and temperature with an instant decrease of 

velocity. In the throat, pressure and temperature reach their maximal values and the 

velocity begins to increase. In the diverging part, an expansion of the gas is observed, 

accompanied by a drop of pressure and temperature with an instant increase of ve-

locity up to the sonic level. All of these enable the powder to reach a velocity of up 

to 700 m/s [24, 25].  

The most important element of the LPCS system is de Laval nozzle [23–25, 28]. 

The typical setup of LPCS is of small dimensions that favor portability. Additionally, 

a small number of elements makes LPCS easy in maintenance and operation.  

The potential outreach of the cold-sprayed (CS) coatings in automotive may re-

sult from adding functionalities while deposition [22, 23] and the possibility of repair 

of damaged components [21, 29, 30].  

The automotive industry requirements (Tab. 1) are fulfilled as follows: 

• resource conservation – utilization of high-performance resources – the proper-

ties of feedstock powder determine the properties of final coating [23], they are 

retained in the course of spraying [26]; reduction of the amount of feedstock 

powder by utilization of nano- and submicron size feedstock powder which en-

ables enhancement of properties; possibility of several different material sys-

tems (substrate and coating) including highly dissimilar materials or thermally 

sensitive materials [21, 30]; full recycling of the remaining feedstock powder 

[24]. 

• environmental protection – minimal energy consumption (minimal preparation 

of substrate and optional minimal preheating of the substrate) [24]. 
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• price reduction – minimal surface preparation which lowers the price of the final 

product; obtaining cold-worked structure, high hardness, high density, heat and 

electric conductivity with retaining low residual stress without additional treat-

ment [25]; remanufacturing of scraps [30]; guaranteeing simple, low mainte-

nance design of spraying system; replacing expensive material with cheaper 

substrate covered with a functionalized coating to reduce the final price. 

The disadvantages of the LPCS may be nozzle clogging as the result of electrizing 

of powder agglomerates. The second issue is the correlation of velocity and pressure 

which disables an unlimited increase of the velocity [25]. Additionally, even though 

new material systems are still being developed, not all combinations are possible 

using LPCS. 

LPCS remains a tempting option in the automotive industry, as it enables im-

provement of functionality and repairments. Using cold spray for imparting func-

tionalities makes possible the development or enhancing of macroscopic and micro-

scopic features [21, 30]. In general, the structural layout and surface characteristics 

determine the properties of the material system. In most cases, mechanical, tribolog-

ical, thermal properties, as well as corrosion resistance are selected in such a manner 

to minimize the surface exposition to the degradation of the working conditions [21]. 

The potential for repair application promotes the conservation of resources and en-

ergy for production and extends the service life of the elements and assemblies in a 

cost-effective manner [21, 30]. Possible repair solutions are being tested in military 

and aviation applications, which enables creating repair protocols providing repeat-

ability and high quality (in terms of corrosion, tensile, compression/bearing, shear, 

fatigue, residual stress, impact, hydrogen embrittlement [30]) for future repairs. In 

the automotive industry, LPCS utilization is especially interesting when it comes to 

the repair of large or complex panels or precise elements such as engine block [30]. 

Additionally, cold spraying may be an alternative for the restoration of manufactur-

ing scraps [30].  

3.3. ULTRASONIC ATOMIZATION (UA) – PERSPECTIVE FOR COATING DEPOSITION 

The innovation of UA lays in the deposition of ultrathin coatings due to the for-

mation of small droplets of feedstock liquid. The key importance, distinguishing UA 

from other spray nozzle techniques, is that in UA pressureless low-velocity spray 

(0.08–0.13 m/s) is used [31]. This contributes to reduction of overspray which di-

rectly translates into material conservation. The mechanism of droplet creation lies 

in the conversion of electric energy into acoustic waves of high frequency, and then 

into mechanical energy [32]. At first, the vibration of the nozzle in the direction per-

pendicular to the surface of the nozzle leads to transforming vibration energy into 

standing waves. This particular type of wave is called a capillary wave; they form 

a rid pattern in the feedstock liquid sucked to the nozzle. With an increased ampli-

tude of vibration, the wave amplitude increases respectively. At the critical 
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amplitude, different for different liquids, the wave collapses, producing small drop-

lets of liquid (typically of a range 18–85 µm [31]), which are ejected from the surface 

of the nozzle. 

The most important part of the UA system is the ultrasonic spray nozzle [33]. 

Every nozzle has a specific resonant frequency determined mainly by its length [32]. 

The UA bases on liquid feed onto the vibrating surface of the nozzle, hence the feed 

rate influences the atomizing rate. To provide a wide variety of possible depositing 

material, the UA nozzle usually has a wide range of flow rates [31]. 

The ultrasonic atomization for the automotive industry is feasible for the depo-

sition of thin coating which is consistent with the minimization of element weight 

by the application of high-performance resources (functionalization by thin layers). 

The automotive industry requirements (Tab. 1) are fulfilled as follows: 

• resource conservation – limiting material consumption and overspray (high ho-

mogeneity, high precision); adjusting coating thickness via flow rate adjustment 

and choice of nozzle frequency; reducing material consumption via utilization 

of repeatable spray patterns for invariable results; optional providing corrosion-

resistance depending on sprayed material; optional spraying of sandwich struc-

tures; possibility to reuse material portions remaining in the spraying system.  

• environmental protection – reducing waste, so that overspray can be recovered 

and re-used; reducing VOC production. 

• price reduction – guaranteeing simple, low-maintenance design of spraying sys-

tem; any element of the spraying system can be replaced (nozzle, pump, lines, 

etc.) – the remaining components may still be used; replacing expensive mate-

rial with cheaper substrate covered with a functionalized coating to reduce the 

final price. 

The disadvantages of the ultrasonic atomizing may be nozzle clogging as a result 

of setting inappropriate parameters of the process, properties of atomized fluid, 

which rheology is changed on the route of atomizing, or decomposition of the supply 

lines as a result of the chemical composition of the coating material.  

Typical applications include windshields, headlamps, glazing, touch screens, sen-

sor covers, exterior trim elements, interior elements such as internal console, dash-

board elements, fabrics, textiles [33, 34]. The specific functions of the ultrasonic 

spray coatings may be an extended service life, UV-protection, enhanced abrasion, 

mechanical, thermal, and chemical resistance, improved weatherability [34]. Besides 

functionality, additional features comprise aesthetics (transparency, clarity, color-

ing) and easy-to-clean properties [33]. 

3.4. SOL-GEL METHOD – PERSPECTIVE FOR FEEDSTOCK MATERIAL FABRICATION  

A sol-gel method is a bottom-up approach [35] that facilitates the fabrication of 

materials of certain properties or enhancement of certain features. The manufactur-

ing of functionalized silica used in [1–5] can be described as follows. Sol-gel 
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synthesis alkoxide precursor (typically being tetramethoxysilane or tetraethox-

ysilane) is subject to numerous hydrolysis and polycondensation processes. At first, 

sol is formed. On this step of the sol-gel process, substitution reactions in the solvent 

environment take place – the replacement of an alkoxy group (− OR, where R is 

an alkyl group) with a hydroxyl group (− OH), then, the creation of ≡ Si − OH 

bridges (via hydrolysis), and simultaneously ≡ Si − O – Si ≡ network (via condensa-

tion)). The progressive condensation and solvent evaporation lead to obtaining gel. 

At any stage, it is possible to introduce the functionalization, but the preferred option 

is to anchor the agent onto the surface of already formed construction, i.e. an ex-

tended network or separate particles suspended in the alcohol-water environment. 

The modification, as for the silica synthesis itself, bases on the hydrolysis and con-

densation between silica and functionalization agent that can be subjected to hydrol-

ysis. The coupling proceeds by bonding functionalizing agent in the places of phys-

ically and chemically active residual silanol groups (≡ Si − OH). Silanol groups react 

with the agent and the oxygen bridges ≡ Si − O – Si ≡ are created, which provides 

covalent bonding of agent chains to silicon central atom. High level of homogeneity, 

as well as size and shape uniformity, are typical features of sol-gel synthesis products 

[35]. The parameters influencing the hydrolysis and condensation rates are type 

of precursor used, molar ratio of precursor to solvent, type and concentration of the 

solvent, polarity of the solvent, pH of the solution, temperature of synthesis [2, 3, 

36, 37].  

A quick overview of possible sol-gel products indicates the versatility of the 

method in terms of the form of the final product [35]. The general usefulness of mod-

ern sol-gel products is reflected in the available literature. It is possible to obtain 

dense films, fibers, powders, xerogels, aerogels, and dense coatings [35, 36]. Addi-

tionally, organic-inorganic material systems can be successfully produced [36, 37].  

The sol-gel for the automotive industry may offer corrosion resistance, water re-

pellence, wear resistance, self-cleaning, antibacterial, antifungal, (semi)conducting, 

antistatic, UV-protective, and other properties [17, 38, 39]. 

The automotive industry requirements (Błąd! Nie można odnaleźć źródła odwoła-

nia.) are fulfilled as follows: 

• resource conservation – possible for functionalization in a large-scale process; 

ensuring a high level of homogeneity and purity on a molecular level; possibil-

ity of fabrication of high surface area materials; feasible for complex materials 

designed on a molecular level; suitable for thin (microns) high-quality films. 

• environmental protection – possible to be carried out at room temperature or rel-

atively low processing temperatures.  

• price reduction – low-cost facilities; rather inexpensive substrates of the syn-

thesis; during a single process, morphology, shape, textual properties can be 

controlled. 
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The disadvantages of sol-gel processing may be a relatively high price of precur-

sors and long-lasting dehydration [40]. Sol-gel coatings may be, for instance, applied 

for automotive glass (mainly fluorine functionalized alkoxysilanes), metal panels, 

constructional elements, or display screens [38]. Exemplary coatings may exhibit 

different properties, such as photocatalytic, anti-reflective, self-cleaning, and hydro-

phobic properties [41–43]. 

4. ESSENCE OF HYDROPHOBICITY AND ITS IMPORTANCE FOR  

THE AUTOMOTIVE INDUSTRY 

There are two main types of surface interaction with water: water repelling and 

water spreading out [44]. According to Young’s equation, a hydrophobic surface is 

characterized by the water contact angle higher than 90°. The boundary between 

hydrophilic and hydrophobic states is called intrinsic wetting threshold (IWT). 

Sometimes, lower IWT of 65° is even suggested for the construction of superhydro-

philic and superhydrophobic surfaces, which is connected with molecular interac-

tions and nanometric size [45]. Surfaces exceeding the 150° threshold are called su-

perhydrophobic.  

The important role in water-repellency is played by two main features [17, 46]: 

free surface energy – generally, low surface energy facilitates higher hydrophobi-

city; hierarchical roughness – generally, high surface area favors higher hydropho-

bicity. 

Free surface energy can be modified using chemical components that may react 

with physically and chemically active residual silanol groups (-OH) left after sol-gel 

synthesis [46]. These chemical compounds contain chemical elements characterized 

by high electronegativity [17, 47]. Functionalization of sol-gel products with the 

compound containing highly electronegative fluorine (F) reduces free surface en-

ergy, while increasing hydrophobic potential [48–50]. A good example is the appli-

cation of 1H,1H,2H,2H-perfluorooctyltriethoxysilane (FOTS), which is composed 

of a single long fluoroalkyl chain grafted to a central silicon atom [2]. During the 

functionalization of silica gels, these functionalizing chains replace -OH groups 

bonded with central silica atoms [51]. Additionally, the 3-dimensionality of func-

tionalizing chains is a steric barrier for grafting other chains and never the whole 

structure to-be-functionalized, being extended network or separate particles, can be 

covered with FOTS chains [48, 51]. The side effect of functionalization is blocking 

some -OH groups in the silica structure [2]. 

When it comes to wetting, Robert N. Wenzel, 1936, recognized that behavior 

of water droplet on smooth and rough surfaces is different [52]. Cassie-Baxter, 1944, 

found out that the asperities of roughness may create special pockets for air entrap-

ping [53, 54]. A combination of both – a highly rough surface that is filled with air-
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pockets – facilitates the enhancement of multi-level roughness. Each level of rough-

ness may contribute to an increase in specific wetting behavior. To put it simply, the 

microscale roughness forms micro pockets which prevent water penetration into the 

asperities of the surface. The nanoscale roughness also entraps air in nanopockets, 

but this prevents mainly water condensation [53, 55–57]. Therefore, nano-level can 

excessively promote superwettability.  

In that sense, grafting, fluoroalkyl chains may be employed not only for decreas-

ing surface energy but also for enhancement of surface roughness [51]. Unfortu-

nately, the hierarchical structure is very fragile and may irreversibly transform into 

a homogenous solid-liquid interface [57]. This means that the usage of FOTS for 

functionalization and the development of hierarchical structure may make the fabri-

cated surface more prone to mechanical wear and tear [46]. However, both surface 

energy and surface roughness may facilitate surface wettability [51]. When a surface 

is hydrophobic, adding multi-roughness may promote it to a superhydrophobic state. 

However, this phenomenon is double-sided [45]. A hydrophilic surface may become 

superhydrophilic when hierarchical roughness is provided.  

The hydrophobic potential in automotive is desirable, as hydrophobic surfaces 

tend to repel water. Very often, dust can be easily removed together with water, 

making the surface easy-to-clean or self-cleaning [58–63]. Usually, water repellency 

relates to a decrease of wear on metal surfaces which helps in maintaining corrosion 

resistance [59, 60, 63, 64]. The coating may act as an interlayer reducing interaction 

with corrosive substance [59, 60, 64–66]. This makes the surface less prone to fading 

or stains and also enhances abrasion resistance and UV resistance, all prolonging 

the service life of the surface. 

5. SUMMARY 

The growing significance of material selection, especially in the automotive in-

dustry, relates to a direct influence of material properties on designed or manufac-

tured components and assemblies. In this context, the 3 major automotive require-

ments are minimization of resource exploitation, environmental impact, and final 

cost. Exemplary actions for implementing these requirements can be easily trans-

lated into material engineering solutions. In that sense, material engineering may 

offer development of entirely new materials and methods or improvement of already 

existing tools.  

A tempting alternative to tailor properties of steel or aluminum substrates may be 

the deposition of functional coatings. The most typical protective and aesthetic coat-

ing in automotive includes painting. Additionally, the importance of application 

of hydrophobic surfaces should be emphasized as a method to reduce the wear of the 

coatings and their degradation. 
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PERSPEKTYWA WYTWARZANIA ZOL-ŻELOWYCH POWŁOK 

HYDROFOBOWYCH NANOSZONYCH Z UŻYCIEM 

NISKOCIŚNIENIOWEGO NATRYSKIWANIA NA ZIMNO 

I ATOMIZOWANIA ULTRADŹWIĘKOWEGO DLA BRANŻY 

MOTORYZACYJNEJ 

Słowa kluczowe: zol-żel, natryskiwanie niskociśnieniowe na zimno, atomizowanie ultradźwiękowe, 

powłoki, krzemionka, właściwości hydrofobowe 

Sektor motoryzacyjny znajduje się pod ciągłą presją, aby minimalizować zużycie paliwa i reduko-

wać emisję zanieczyszczeń przy jednoczesnym utrzymaniu dotychczasowego tempa redukcji masy 

i kosztów. To sprawia, że dobór materiału jest szczególnie ważny podczas procesu projektowania wy-

branego elementu. W artykule sformułowano główne wymagania branży automotive do analizy poten-

cjału wybranych technik osadzania (niskociśnieniowego natryskiwania na zimno i atomizacji ultra-

dźwiękowej) oraz wytwarzania materiału (metoda zol-żel) do zastosowań jako powłoki ochronne 

w przemyśle samochodowym.  

 

 


