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Introduction 
Practical application of different devices with 

the use of fullerene in science and technique is 
exspended constantly.  

Perspective of their application in traumatology 
and orthopaedy is before shown at endoprosthesis 
hip joints. As durability of components in the knot 
of mobility (to the pair of friction) of 
endoprosthesis  «high-dense polyethylene Chirulen 
-Ti alloy BT6»  with using fullerene  C60 coating 
approximately to the order exceeds  durability in 
the pair of friction  of the same components 
without coating, that considerably promotes the 
term of exploitation  of endoprosthesis [1]. 

In the real work the results of research of 
physical and chemical characteristics of fullerene 
C60 coating on the industrial heatproof alloys of the 
ЧС 88 (Ni 57,6 %; Cr 15,6 %; Co 10,7; Mo 1,9 %; 
C 0,09; Fe 0,5 %; Al 3 %; B 0,005 %; Ti 4,6 %;  
W 5,3 %; Nb 0,11%) and ЧC 88 У brands  
(Ni 57,0 %; Cr 15,9 %; Co 11,0; Mo 1,9 %;  
C 0,06; Fe 0,5 %; Al 3,05 %; B 0,08 %; Ti 4,6 %;  
W 5,3 %; Zr 0,5 %, Nb 0,20 %) and his influence 
on wear resistance of these alloys are presented. 

The given alloys are widely used on the 
Ukrainian enterprises of gas-turbine building ГП  
«Заря » - «Машпроект» (Nikolaev) and OAO 
«Мотор Сич (Zaporozhia)» at makin of shoulder-
blades of gas-turbine engines (GTD) for 
shipbuilding. The GTD shoulder-blades during 
great while work in the conditions of the promoted 
mechanical loading in an aggressive atmosphere 
containing salt of salt water and products of 
combustion of diesel fuel. 

The most effective method of working and 
nozzle shoulder-blades of turbines protection is  
corrosion protection and erosion protection 
coatings. 

The considered heatproof alloys consist of 
doped γ -hard solution, strengthen γ’- phase and  
carbides and borides of a different type. 

 The multicomponent alloying (by 12-15 
elements) and features of structure of alloys 
guarantee their good capacity in the conditions of 
influence of high temperatures and mechanical 
loading. 

The volume stake of consolidating phase in 
alloys makes 40-45 %.  

The hard requirements produced to the heat- 
resistance alloys for the GTD shoulder-blades 
stipulate  for smelting of these alloys in a vacuum 
with the use of clean initial materials. The vacuum-
induction melting is presently  the basic method at 
smelting of alloys and at casting of shoulder-
blades.  

 
Results and discussion 

Fullerene coating was deposited on explored 
alloys substrate in vacuum by the method of 
thermal vaporization of the powder C60 from  
effusion tantalum cell. Evaporation was conducted 
at temperature 470 0С. For reduction of internal 
mechanical tensions in the system « coating C60–
alloy» substrate did not warm.  

The thickness of coating was determined on the 
MИИ-4 interferometer and from profilogram. She 
made 1,2 microns.  

 Coating is continuous homogeneous. 
 The adhesion strength of the coating with 

substrate is 0,8 GPa. 
       The control of composition of coating was 
investigated by the method of combination 
dispersion of light and Fourier IK-spectroscopy. In 
initial coating there were oscillation fashions with 
the Hg, Ag and Hg symmetry on frequencies 1424, 
1472 and 1580 cm  –1 accordingly and in Fourier -
spectrums were registered to the line with 
frequencies 572, 576, 1183 and 1429  cm  –1.  
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 Such frequencies are typical for fullerene C60.  
  The tests wearing conducted in the air on 
the friction machine MT-68 by the method   
«shaft-on-bush» at the stepped rise of loading (Р). 
As contrarybody used a diamond and stainless 
steel 65 Г applied in machine building. Such chart 
of friction at rotatory unidirectional motion allows 
to realize the loading of alternating superficial 
layer of sample due to the difference of sizes of 
contacting surfaces. Terms of tests: loading  
stepped  - P1= 5 MPa; P2=7,5 MPa; P3=10 MPa; 
speed of sliding - 0,2 m/s; duration of tests – 10 
mines. All tests were conducted without 
lubricating material. 

Sizes of the explored samples: height 12-
12,2 mm, area of the section –64 mm2. The initial 
roughness Ra of the friction surface made 0,02 μm. 

Before the tests carefully it was earned 
extra money of contacting surfaces of samples and 
contrarybodys (ground in). 

Wearing of the explored alloys was 
calculated   on reduction of mass of   sample  
(Δm, g) at friction by measuring of their mass  
before and after tests by the laboratory analytical  
scales of the ВЛР-200 type within 0,00001 g. The 
coefficient of friction (μ) of alloys was determined 
also. 

It is necessary to mark that the conducted 
research on durability does not imitate processes 
taking place during work of shoulder-blades of 
gas-turbine engines, and it is used for conducting 
of comparative researches of wearing of alloys of 
the ЧC 88 and ЧC 88У brands in touch with a 
diamond and stainless steel 65 Г, and also 
influences of fullerene C60 coating on the wearing 
of the given alloys.  

The results of measuring of wearing and 
coefficients of friction of alloys of the ЧC 88 and 
ЧC 88У brands in touch with a diamond 
contrarybody are resulted in tablе 1.  

Wearing and coefficients of friction of the 
same alloys with fullerene C60 coating and without 
coating in contact with stainless steel 65 Г are 
presented in tables 2 and 3. 

 
Table 1. Wearing and coefficients of 

friction of alloys of the ЧC 88 and ЧC 88У brands 
in contact with diamond contrarybody. 

 
ЧC 88 ЧC 88У P, MPa 

Δm, g μ Δm, g μ 
5 0,13223 0,39 0,2906 0,48 

7,5 0,2453 0,36 0,5869 0,35 
10 0,01515 0,35 0,5160 0,33 

 
 

Table 2. Wearing and coefficients of friction of 
the ЧC 88 alloy without coating and with fullerene C60 
coating in the pair of friction with steel 65 Г. 

Without coating With coating C60 Р, МPа 
Δm, g μ Δm, g μ 

5 0,0001 0,36 0,0003 0,17 
7,5 0,0045 0,32   
10 0,0009 0,32   

 
Table 3. Wearing and coefficients of friction 

of the ЧC 88У alloy without coating and with 
fullerene C60 coating in the pair of friction with 
steel 65 Г. 

Without coating With coating C60 Р, МPа 
Δm, g μ Δm, g μ 

5 0,0001 0,4 0,00085 0,22 
7,5 0,0020 0,32   
10 0,0053 0,29   

 
The wear of alloys in the pair of friction 

with a diamond at all loading is higher, and the 
wear-resistance is below than in the pair of friction 
with stainless  steel 65 Г.   The ЧC 88 У alloy is 
characterized by more high value of wearing (by 
less wear-resistance). The wearing of materials 
grows with increase in loading, the durability falls. 
The reduction of wearing on the ЧC 88 alloy 
looked after at loading 10 MPa  with a diamond 
and steel 65 Г contrarybodys probably is related  to 
pickup of products of wearing on a surface sample.  

Coefficients of friction of both alloys of one 
order and some go down with the increase of 
loading that is conditioned by heating of samples at 
friction. 

The wearing of ЧC 88 and ЧС 88У  alloys  
with  C60 coating is increased, and the wear-
resistance falls: at the ЧC 88 alloy - approximately 
in 3 times, and at the ЧС 88У alloy - 
approximately in 8 times. The coefficients of 
friction  is decreased at both alloys approximately 
in 2 times. 

 
Conclusions 

Nanostructure C60 coating on the superalloys 
ЧС 88 and ЧC 88У can be as an antirust protective 
film from corrosion which influence on the 
properties of these alloys need additional 
investigations. 
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