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Study on Evaluating the Bind Strength between
Hard Film and Substrate by Erosion Method

Li Shizhuo Chai Liming
(Iastitute of Metal Research, Academia Sinica, Shenyang)

Abstract: The critical load determined by scratch test with acoustic
smission monitoring is widely used as the criterion of coating adhesion,
Because it depends on several parameters related to testing conditions
( scratching speed, loading rate) and to coating—substrate sysiem (coa-—
ting thickness, subistrate hardness) , the validity has been doubted in re—
cent years., A new approach for evaluating adhesion of hard tribological

coatings bv erosion has been developed. The effects of particle size, hard-
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ness and velocities of abrasives (SiO:s SiC, A1;03) on erosion rate of
hard coatings (Ti-N, Ti-B-N, Ti-C-N) —substrates (low carbon steel,
low alloy steel, high speed steel) systems had been investigated, That the
crushed A1, O3 stream in 80* mesh with velocity of 40m/s shot from a
nozzle in diameter of 2mm to impact vertically the target is proposed
as a standard operating condition. The exposure rate of substrate vs ab—
rasive dosage during erosjon test was determined by SEM-EDX and opti—
cal microscope quantitatively, The linear relationship between exposure
rate of substrate and abrasive dose has been observed from beginning to
end of removal of coatings. The incubation dose related to coating thick—
ness is expressed by abrasive weight to start the exposure of substrate
and the critical dose is defined by the lowest amount which cause the
removal of coating from substrate fully., The results show that:

1, The critical dose in erosion test is just 1he same to critical load
in scratching method, both of them could be used as the measure of coa
ting adhesjon, in same specimens of coating/substrate system (Ti-B-N
/HSS) the higher critical load in scratching, the higher critical dose
in erosions

2. The incubation dose depends on the coating thickness and strength
within the convenient range of 2-—6 pum, it shows a linear relation-
ship bet ween incubation dose and coating thickness for a certain coating
[substrate systems;

3. Erosion rate of film can be defined by following expression as a
presentative of coating adhesion:

critical dose—incubation dose
coating thickness

Erosion rate of film =

where the thickness could be derived from incubation doses

4, Erosion rate of film is independent on coating thickness and is
also sensitive to the technical parameters in ion~plating of hard tribolo—
gical coatings such as Ti—C-N, the linear spall rate could be suggested

as the criterion in evaluating coating adhesion,

Key words: erosion method, incuhation dose, critical dose, erosion
factor of film, scratching methods critical load, hard films binding

strength
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