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Abstract: Steam turbine is a kind of power machinery that converts the heat energy generated by fuel combustion into
mechanical energy for driving power generation, and is the key equipment of coal power units, nuclear power units, gas
and steam cycle generating units and other units. In the actual work of the steam turbine, due to the influence of high
temperature, high pressure steam, high pressure fluid, etc., the key components of the steam turbine are susceptible to
corrosion, mechanical damage, impact wear and other problems. In order to extend the service life of these components,

a protective coating is usually applied on the surface of the components by various processes. NiCr-Cr;C, coating
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prepared by thermal spraying technology has excellent high temperature wear resistance and corrosion resistance, and
has the potential to serve as a protective coating for turbine components. At present, there have been many studies on the
properties of NiCr-Cr;C, coating, but there are few reports on the impact wear behavior of this coating under high
temperature environment. In this paper, 35% NiCr-Cr;C, coating and 25% NiCr-Cr;C, coating with different NiCr
content were prepared by supersonic flame spraying. The real service condition of steam turbine was simulated by using
a self-developed high-temperature iron chip impact wear tester. Impact tests (1x1 0%, 2x10* and 5x10%) were carried out at
630 °C and under the environment of iron filings erosion. The impact wear behavior of the two coatings under the
environment of iron filings erosion at high temperature was studied through the dynamic response during impact and the
wear pattern after impact. The dynamic response data in the impact process mainly included the impact velocity curve
and the impact force curve, which were collected by the corresponding sensor. The macroscopic morphology of the wear
marks was observed by ultra depth of field optical microscope, and the microscopic morphology of the surface and cross
section of the wear marks was observed by scanning electron microscope. The maximum wear depth and wear area and
volume of the wear mark were obtained by measuring the contour of the wear mark with white light interferometer. The
distribution of elements on the surface and cross section of the abrasion were analyzed by energy dispersive
spectrometer. The results showed that the damage mechanisms of 35% NiCr-Cr;C, coating and 25% NiCr-Cr;C, coating
were plastic deformation and abrasive wear, and the wear areas of the two coatings were not different under the same
impact times. With the increase of impact times, the impact energy, energy absorption rate and wear area of the two
coatings all showed an increasing trend, while the peak value of impact force showed a decreasing trend, that was, with
the increase of impact times, more material removal and plastic deformation occurred in the two coatings. The wear
volume of 25% NiCr-Cr;C, coating increased with the increase of impact times, and under the same impact times, the energy
absorption amount, absorption rate and wear volume of 25% NiCr-Cr;C, coating were smaller than that of 35% NiCr-
Cr;C, coating, showing better resistance to high temperature impact wear. In the high temperature environment, the iron
filings had good durability and were easy to be compacting by the impact ball and became the third body between the
impact ball and the impact sample. As the formation of this third body would fill part of the pits on the wear marks, the

wear volume of 35% NiCr-Cr;C, coating would first increase and then decrease with the increase of impact times.
Key words: NiCr-Cr;C, coating; high temperature impact with iron filings; dynamic response; impact wear
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(a) 35% NiCr-Cr,C,

(b) 25% NiCr-Cr,C,

Fig. 1 3D morphology, SEM micrographs and element distributions of surface and
cross-section morphology of two NiCr-Cr;C, coatings
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Fig. 3 Schematic diagram of high temperature iron chip impact wear testing machine

3 R BRE b A IR R

200 200
Impact velocity=150 mm/s Impact velocity=150 mm/s
_ 150 o= ==~ - - — —— — — m = = = = = _ 150 —m—m—< - ——-———-—-—--———=-—-— -
E 100 E
H 100 £ 100
B >
£ 50 = 50 A
20 A\ ses 2 4853wV
s o0} 0 43.99 7 {
g Cycles 2 Cycles 41.48
g' =50 1x10* g" =50 1x104
= 2x10* = — 2x10*
-100 - 5x10* - = -100 sx100 000000 N\
_150 1 1 1 1 _150 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Time/ms Time/ms
a) Impact velocity vs time of 35% NiCr-Cr,C b) Impact velocity vs time of 25% NiCr-Cr,C
p y ) p y )
60 Peak force 60 __ Peak force
\\\\\ T -55.97
50 50 -~-52.49

-
<
T
B
=]

Impact force/N
w
<o
Impact force/N
w
=

Cycles

20 1x10¢ 20
— 2x10*
10r 5x10¢ 10
0 1 1 1 1 0 A%
0.0 0.5 1.0 1.5 2.0 2.5 00 05 10 15 20 25 30 35
Time/ms Time/ms
(c) Impact force vs time of 35% NiCr-Cr,C, (d) Impact force vs time of 25% NiCr-Cr,C,
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Fig. 5 Impact energy and absorb energy of two NiCr-Cr;C, coatings at different impact times
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Fig. 6 Optical micrograph of wear morphologies of two NiCr-Cr;C, coatings at different impact times
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Fig. 7 Abrasion profile and wear data of two NiCr-Cr;C, coatings under different impact cycles
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Fig. 8 SEM micrographs of morphology and EDS results of worn surface of two NiCr-Cr;C, coatings (N=5x10%)
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Table 1 Main chemical components of two NiCr-Cr;C,
coatings at different positions on the surface
of the wear marks

Mass fraction/%
Point
C (6] Fe Ni Cr
A - 24.7 753 - -
B 23 29.1 58.6 5.5 43
C - 41.0 59.0 - -
D - 34.6 65.4 - -
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Fig. 9 SEM micrographs of morphology and EDS results of abrasion cross sections of two NiCr-Cr;C, coatings (N=5x10%)
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Table 2 Main chemical components at different positions of the abrasion section

. Mass fraction/%
Point
C (6] Fe Ni Cr
A 2.8 19.5 64.5 5.3 4.1
B 5.7 0.0 0.0 3.9 90.3
C 0.5 439 44.4 9.1 2.1
D 4.1 0.0 0.0 37.7 58.2
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Fig. 10 Damage mechanism diagram of coating under wear
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