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ease durability (life) of parts and machine units are particularly important
industrial complex. In general 90% of parts and machines go out of
arly essential both for oil and gas exploration and field development.

nt properties and superhard materials are used to increase the drilling rate,
r high. In recent years, the technology of applying superhard coating on
has been developed [1]. Such coatings for drill bits and boring cutters must
equirements. They should have a high hardness and a low dry friction coefficient.
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2. Experimental

In this paper coatings produced by sputtering of steel cathode 12Cr18Nil0Ti and plate titanium cathode cut from
KNSh-M60 MX 172 544.00 cutters drill bits are investigated. The coatings were applied on unit NNV - 6.6.11 in
argon and nitrogen gas environment over a period of 40 minutes at an arc current of I; = 80 A, the reference voltage
U,r=200 V and a gas pressure in the chamber p =15 x 10~ Pa.

The microstructure of the coatings is investigated on metallographic microscope Epikvant and electr
microscope JEOL JSM-5910. To measure the microhardness Micro Durometer HVS-1000A is used. To
the coefficient of friction the system for determining the wear and sliding friction [3], being cons
laboratory of the University of Karaganda, is used.

The thickness of the coatings and their elemental composition is measured using an electron

elastic stress (Ad/d) was carried out with the use of databases and PCPDFWIN PDF4+, as we rogram of
full-profile analysis POWDER CELL 2.4. The nanohardness of coatings for the samples et e
Pharr nanoindentation system method and using Berkovich indenter with a load of

3. Results of experiment

Fig. 1 shows the microstructure of 12X18H10T + Ti and Table 1 represents the phase composition. A dislocation
structure can be noticed. J)

T 1. Structural and phase composition of coating 12Cr18Nil0Ti+Ti.

Coating Phase Phase content, Lattice Size of CSR, nm
detection vol.% parameters,

12Cr18Nil0T FCNO_0324 9.8 a=3.592 10.35

i+Tiin TiN 85.5 a=4.240 14.71

nitrogen gas
Fe-a 4.6 a=2.864 7.29
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The cover structure changes significantly in argon gas environment. Fig. 2 shows the microstructure of coating
12Cr18Nil0Ti+Ti in an argon gas environment, in Table 2 its elemental composition is presented and Fig. 3 shows
the cross-section. A columnar structure can be noticed.
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Fig. 3. coating 12Cr18Nil0Ti+Ti in argon gas environment.

Table 2. Elemet position of coating 12Cr18Nil0Ti+Ti in an argon gas environment.
% At % K- Ratio Z A F
10.26 11.68 0.1089 1.0015 0.9839 1.0765

16.05 16.83 0.1750 0.9981 0.9836 1.1103

64.96 63.40 0.6408 0.9980 0.9798 1.0089
iK 8.73 8.10 0.0840 1.0127 0.9502 1.0000
tal 100.00 100.00

ardness of coating 12Cr18Nil0Ti+Ti in the nitrogen gas environment is determined by Oliver-

tation system method and using Berkovich indenter with a load of 1 g and a dwell time of 15 sec.,

is equal to 35.8 GPa. Furthermore, the fluidness module of coating 12Cr18Nil0Ti is determined in the

eous environment of nitrogen, this module being equal to 378.56 GPa. The fluidity is equal to 0.15%, and the
axation of the coating is equal to 0.05%.

The nanohardness of coating 12Cr18Nil0Tii+Ti in an argon gas environment under a load of 1 g and dwell

time of 15 sec. was determined, this nanohardness being equal to 3,339 GPa. Moreover, the fluidness module of

coating 12Cr18Nil0Ti+Ti in an argon gas environment was defined, this module being equal to 111.03 GPa. The
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fluidity of 1.07% and the coating relaxation of 0.08% were defined as well.

The measured microhardness of Vickers drill bit plate is 1400 HV and those of coating 12Cr18Nil0Ti+Ti is
2200 HV, that is significantly higher. The measured ratio of dry friction for the drill bit plate for steel is 0.82, and
for coating 12Cr18Nil10Tii it is 0.12.

4. Discussion

Various composition of titanium with other elements were studied in [4-8] and some other papess. The
conclusion coming out of these papers is as follows: high hardness coating takes place in the prdcess of the
formation of fine-grained structure with the grain size of about 5 nm, this structure consisting of nitrides, carbides
and titanium borides.

In our experiments coating 12Cr18Nil10Ti+Ti in the nitrogen gas environment comprises 73 % of'Ti, and the
coating 12Cr18Nil0Ti+T1i in an argon gas environment contains high assay of Fe, which is 65 %

Coating 12Cr18Nil0Ti+Ti in the gas environment of nitrogen and argon obtains a colummar structure being
characteristic of single-phase films. However, the results of radiographic tests show the pfésence afsthiree phases in
coatings 12Cr18Nil0Ti+T1i in the gas environment of nitrogen and argon. The explanationdor the ptesence of the
columnar structure in both cases can be in a high content of titanium nitride phase that inhibits" the presence of
other phases.

In industrial drilling processes the attempts to reduce friction were made, ‘pfimartly@ising water or oil based
drilling mud containing various types of expensive and environmentally harmful additives. Diesel oil fuel and other
mineral oils are also often used as lubricants, but elimination of drilling miud is still the problem.

Coating 12Cr18Nil0Ti+Ti in nitrogen gas environment has 7 times 1gwen, coefficient of friction as compared to
the material of the drill bit. Coating 12Cr18Nil0Ti+Ti in nitrogen ‘gas \envirénment is 1.5 times harder than the
material of the drill bit. These characteristics of the resulting coatings, provide a life-extension (not less than 2 times)
of drill bits and boring cutters. The research at the gold deposit 'of Altyntau (Central Kazakhstan) for drilling and
blasting holes to the depth of 4 m brings us to that findingglUnceated drill bits JCS-172 M60 MX 544.00 and coated
drill bits 12Cr18Nil10Ti+Ti were tested. The results of tests demonstrated a life-extension increase of a drill bit by a
factor of 2.3.

5. Conclusion

Studies of nanostructured coatings gdre“at, the mitial stage. Any quantitative theory explaining the mechanical
properties of the multi-element nafiocomposites has not been available yet. Nevertheless, the transition to
nanoregions shows significant changes agycompared to bulk samples.

Nanostructured coatings may ‘have\ mutually exclusive properties, parts of mechanisms and machines having
good performance due to théseproperties.

According to the results' obtained, coating 12Cr18Nil0Ti+Ti applied to the drill bit cutters in nitrogen gas
environment can be us@édto,modify the surface of drill bits and boring cutters to increase their lifetime.

This type of coatings can'compete with traditionally used diamond materials due to a small friction coefficient,
high hardness and,a relatively low cost of production.
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