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Abstract 

In this study, thin films of Babbitt alloy will be investigated. For this purpose, 

tin (Sn) based Babbitt alloy thin films on glass substrates were produced by 

thermal evaporation method and these thin films were heat treated at 120
°
C for 

different times. The crystal structure of non-heat treated and heat treated babbitt thin 

films were determined by x-ray measurements. It was observed that the thin films 

were formed as agglomerations on the crystal structure of tin and crystallization 

increased as the heat treatment time increased. The grain boundaries on the coating 

surface can be clearly seen from the SEM images and a decrease in grain size was 

observed. In addition, it was determined that the oxide layer was deposited on the 

surface depending on the treatment time applied to the thin films obtained. Finally, 

it was observed from the AFM images that the roughness value. 
 

 
1. Introduction 

Babbitt metal, invented by Isaac Babbitt in 

1839, is a soft alloy of tin (Sn), lead (Pb), copper (Cu), 

and antimony (Sb). Also known as white metal. tin-

based Babbitt alloys, which are among the Babbit 

alloy types, are highly preferred Babbitt alloy types 

due to their superior corrosion resistance, easy 

bonding and less dissociation tendency, although they 

are high cost alloys [1-3]. These metals are the most 

common classical bearing materials today, especially 

in engines, compressors, fans, pumps, large turbines, 

aviation engines and many more rotating machinery 

[4].  

      Mechanical wear loss in materials consists of 

friction caused by the moving contact of the material 

with another material [5].   

        Babbitt alloys are used as a primer on surfaces, 

especially in engine bearings, to minimize the 

negative effects of this wear [6]. 

          In a study, a new alloy obtained by adding 

Babbitt alloy to a new alloy, small (0.07 m/s) and high 

(4.5 m/s) lubrication was applied to the wear test and 
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it was determined that the wear rate decreased and 

there was a significant decrease in the coefficient of 

friction [7]. For this reason, compared to other alloys 

used in bearings, tin-based (Sn-based) Babbitt alloys 

are widely used in the main components of bearings 

due to their unique corrosion resistance. Tin-based 

Babbitt alloys generally contain about 3–8% by 

weight Cu and 5–8% by weight Sb. Therefore, the 

microstructures of these alloys also show different 

properties due to these differences in their 

compositions [8]. 

        In recent years, gaps in surface engineering 

research have been identified and this has prompted 

scientists to conduct further research  [9]. With the 

coatings on the surfaces of the material, it is aimed 

both to protect the existing properties of the material 

and to further develop the existing properties [10].  

    For this reason, depending on the developing 

technology and this demand (increase in the usage 

area), especially in the last fifty years, the interest in 

thin film has increased significantly. The materials 

produced by the thin film method today have many 
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advantages in terms of both cost, functionality 

(performance) and aesthetics [11]. In addition, with 

the recent thin film studies, many new research areas 

have emerged depending on the thickness, geometry 

and structure of the produced film. It has led to 

diversity in usage areas by providing convenience in 

the integration of materials produced as a result of 

coating the materials with thin films with various 

devices. The wear on the surface of the material varies 

depending on the surface hardness, roughness, grain 

size, ambient temperature and lubrication regime of 

the material [12,13]. For this reason, it is of great 

importance to understand the mechanical properties 

of the thin film coating on the material surface [14]. 

Thin films obtained by coating are extremely hard and 

thermally extremely stable [15]. Babbitt alloys, which 

are produced with thin film technology, have many 

uses in cutting tools, drill bits, beds, many electronic 

devices, decorative coatings, car parts and many more 

due to their superior resistance to corrosion and 

ergonomic convenience in technological systems 

today [11]. The thermal evaporation method, which is 

one of the thin film production methods, has a wide 

range of uses and high efficiency. This method has 

superior properties such as precise control of the 

thickness of the produced film and obtaining a smooth 

surface (smooth), flexibility to adjust interfaces, and 

solvent-free [16,17]. It is known from SEM images in 

many studies that the surface is homogeneous and the 

grain size is very small in thin films produced by this 

method [18]. Therefore, this method is a useful 

method for improving the friction and wear behavior 

of a material. Amanov et al. determined that a thin and 

properly formed saturated nanostructure significantly 

increased the wear resistance [12]. Paulo Roberto 

Campos Alcover Junior et al. determined that the 

coefficient of friction of the coatings produced by the 

thermal evaporation method is lower than the coatings 

produced by the traditional methods and their 

hardness is at an equivalent level [19]. The element 

that affects the hardness of the material in Babbitt 

alloys is antimony. As the ratio of the antimony 

element in the alloy increases, the hardness ratio of 

the alloy increases and therefore the compressive 

strength of the alloy also increases [20]. However, this 

also negatively affects the fragility of the material. 

The aim of this study is to produce a thin film on the 

glass surface with Babbitt metal (Sn58Sb35Cu7) by 

thermal evaporation method. Then, measurements 

such as crystal structures, optical properties and 

surface roughness of these thin films will be obtained 

and evaluations will be made according to these 

measurement results. 

2. Material and Method 

The thermal evaporation method is a system 

formed by melting and evaporating an alloy (or 

polymer) left in a crucible made of tungsten with the 

help of electric current under a high vacuum, and 

adhering these evaporated particles to the coating 

substrate at a certain distance from the crucible. The 

two most outstanding features of the thermal 

evaporation coating method compared to other 

methods are that a very homogeneous surface coating 

is obtained in this method and the coating thickness 

can be interfered with. In order to benefit from these 

two superior features, factors such as the amount of 

material placed in the crucible, the distance between 

the crucible and the coating substrate, the value of the 

current applied to the crucible for melting the material 

in the crucible and the application time of this current 

are very important. Coating processes were carried 

out in a Leybold brand Univex 300 thermal 

evaporator. Here, the glass substrate in the form of a 

sheet of 1 mm in size and 25 mm x 75 mm in size was 

cleaned first with alcohol and then with the ultrasonic 

cleaning method. This cleaned glass substrate was 

placed at a distance of approximately 18 cm from the 

tungsten crucible and the coating process was carried 

out in a vacuum environment of 6.4x10-5 mbar for 8 

minutes. The coating process was carried out by 

applying a current of 335 A. Finally, the production 

process was completed by applying heat treatments 

for one hour, two hours, four hours and six hours at 

120 °C, respectively. In order to determine the crystal 

structure analysis of Babbitt coatings produced by 

thermal evaporation on glass substrate, XRD analysis 

measurements were taken at room temperature using 

Rigaku Miniflex 600 brand X-ray device. AFM 

images were taken used to determine the surface 

morphology (roughness) of these coatings. Then, 

LEO Evo 40 brand SEM-EDX and Mapping 

measurements were made to determine the surface 

images and elemental distribution of the existing 

coating, as well as its qualitative and quantitative 

properties. The schematic of the experimental 

procedures is shown in Figure 1. Table 1 shows 

coding detail of samples and Figure 2 shows image of 

samples.  

 
Figure 1. Detailed View of the Device of the Thermal         

Evaporation System
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Figure 2. The image of the glass samples that have been 

coatedand heat treated 

 

Table 1. Coding detail of existing samples 

B B1 B2 B4 B6 

Glass 

specimen 

coated with 

Babbitt 

metal 

(Sn58Sb35Cu

7) 

Glass 

specime

n coated 

with 
Babbitt 

metal 

and heat 
treated 

for 1 

hour 

Glass 

coated 

with 

Babbitt 

metal 

Glass 

specime

n heat 

treated 

for 2 

hours 

Glass 

coated 

with 

Babbitt 

metal 

Glass 

specime

n heat 

treated 

for 4 

hours 

Glass 

sampl

e 

coated 

with 

Babbit

t 

metal 

and 

heat 

treate

d for 6 

hours 

 

 

4. Conclusion and Suggestions 

 

Figures 3-7 show SEM-EDX and mapping 

images of exist coating. If we pay attention to the 

mapping image in Figure 3-a, the elements in the alloy 

are homogeneously distributed in the coating. In the 

SEM image in Figure 3-b, the grain and grain 

boundaries formed on the coating surface are clearly 

visible. Depending on the heat treatment applied to 

these coatings, oxide began to accumulate on the 

surface in the form of bubbles due to the tin and 

antimony elements in the alloy, and the oxide layer on 

the surface gradually increased in proportion to the 

duration of the applied heat treatment.  

In a study, Kök et al. also determined that the 

oxide layer on the surface increased when they 

applied heat treatments at different values to the 

NiMnGa alloy [21]. This oxide layer accumulated on 

the surface caused a decrease in the amount of 

roughness on the surface, and this result is in harmony 

with the AFM results. In a thin film study conducted 

by Tasgın et al., they determined that the amount of 

roughness on the surface decreased significantly with 

the coating on the glass substrate, using AFM images 

[22].   

In addition, if we pay attention to the SEM 

images in Figure 3-a - 7-a, respectively, as the 

duration of the applied heat treatment increases, the 

copper element in the alloy accumulates in the coating 

(on the surface) through agglomeration, and this 

result is also supported by the EDX results.  

It was determined that agglomerations 

occurred on the surface coated with 97Se-3CeO2 thin 

film due to the heat treatment applied on (100) and 

(101) planes [22].  The reason for this agglomeration 

is that the melting point between the copper element 

(Cu) and the tin and antimony elements (Sn and Sb) 

in the Babbitt alloy is known. 

 

 

Figure 3. a) mapping image of sample B, b) SEM 

image of sample B 
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Figure 4. a) mapping image of sample B1, b) SEM image 

of sample B1 

 

 

Figure 5. a) mapping image of B2 sample, b) SEM image 

of B2 sample 

 

 

 

Figure 6. a) Mapping image of B4 sample, b) SEM image 

of B4 sample 

 

 

Figure 7. a) mapping image of sample B6, b) SEM image 

of sample 
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Figure 8. AFM (Surface Spectroscopy) image of sample B 

 

 

 

 

 

 

 

 

 

Figure 9. AFM (Surface Spectroscopy) image of B1 Sample 

 

Figure 10. AFM (Surface Spectroscopy) image of B2 sample 

 

Figure 11. AFM (Surface Spectroscopy) image of B4 sample 

 

Figure 12. AFM (Surface Spectroscopy) image of B6 sample 
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Table 2. AFM surface roughness values of existing 

samples 

 B B1 B2 B4 B6 

Average 

roughness 

value (Ra) 

(nm) 

 

29.14 

 

106.37 

 

170 

 

73.2 

 

48.25 

Square root of 

mean 

roughness 

value 

(Rq) (nm) 

 

39.04 

 

126.72 

 

230 

 

87.64 

 

58.80 

 

AFM (Surface Spectroscopy) images and 

roughness results are given in Table 2 in Figure 8-12 

respectively. In Figure 8, the surface image of the B 

coating without heat treatment is given and the 

average roughness value was determined as 29.14 nm. 

If the Ra values of the B1 and B2 coatings given in 

Figure 9-10 are considered here, an increase in the 

roughness value on the surface was observed due to 

the oxide layers that started to form on the surface 

with the heat treatment applied to the coating, and this 

value was determined as 170 nm. As the duration of 

the heat treatment applied to B4 and B6 coatings is 

increased, an increase is observed in the oxide layer 

accumulated on the surface, and this increase 

(deposition) caused the surface to be completely 

covered with an oxide layer and this caused the 

roughness value (Ra) of the surface to decrease 

gradually to 73.2 and 48.25 nm respectively. In Figure 

13, x-ray diffractograms of bulk and thin-film Babbitt 

alloys and of Babbitt thin-film heat-treated at 120 °C 

at room temperature are given. Obtained x-ray 

measurements are indexed according to the literature 

[23-26].  

According to the crystal structure 

investigations, SbSn, Sn and Cu6Sn5 compounds were 

found in the bulk Babbitt alloy, and after it was turned 

into a thin film, it was observed that crystallization 

took place in the form of agglomerations on the Sn 

element [22]. Similarly, in several thin film studies, it 

has been observed that thin films are formed as 

agglomerations on a certain crystal layer [27,28]. 

Peaks at 30° and 43° are also Cu6Sn5 compound 

phase. When the effects of the heat treatment time on 

the crystal structure of Babbitt thin film are examined, 

it is seen that the intensity of the x-ray curve increases 

and new peaks occur with the heat treatment time.  
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Figure 13. a) Babbitt alloy b) thin film Babbitt alloy 

without heat treatment c) Babbitt alloy film subjected to 1 

hour heat treatment d) Babbitt alloy film subjected to 2 

hours heat treatment e) Babbitt alloy film subjected to 4 

hours heat treatment f) Babbitt alloy film subjected to 6 

hours heat treatment 

As a result of the study, it was determined from 

the mapping images that the Babbitt thin film coating 

applied to the glass surface were spread 

homogeneously on the glass surface. According to the 

data obtained from the surface spectroscopy (AFM) 

images, an increase in the oxide layer on the surface 

was observed in proportion to the heat treatment 

applied to the coating. This increase also caused a 

decrease in the roughness value on the surface. In 

addition, from the SEM images, it is seen that the 

grain sizes in the coating decrease in proportion to the 

applied heat treatment and therefore the roughness on 

the surface decreases. The lowest roughness value on 

the surface was obtained in the B1 sample, which was 

not heat treated, while the highest roughness was 

obtained in the B2 sample, which was heat treated for 

two hours.  

According to the X-ray measurement results, all 

Babbitt thin films showed that the Sn element was 

deposited on the main crystal structure, and the 

intensity of the crystal structure peaks increased with 

the heat treatment time and indicating that the degree 

of crystallinity increased. 
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