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ABSTRACT: The work aims to improve tool wear resistance, extend tool material service life and reduce tool wear during
processing. RF magnetron sputtering method was used to deposit CrN coating on the surface of high speed steel tool. XRD and
FESEM were applied to analyze the structure and morphology of coating. EDS was adopted to measure the composition content
and distribution of coating. Scratch tester was used to determine the membrane binding force and ball-disc abrading instrument
was applied for wear resistance test. Wear resistance of coatings under different friction conditions was investigated, effect of
different friction conditions on tribological properties of uncoated and coated tools was discussed and variation of friction coef-
ficient, grinding depth and grinding width along with parameters was studied. The CrN coating with dense structure, clear out-
line and flat and smooth surface was prepared by magnetron sputtering and showed a triangular-cone shape, with obvious

CrN(111) preferential orientation and 31.6 N membrane binding force. Wear test showed that uncoated tool suffered from severe
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wear under high load (load 5 N), abrasion mark color was dark, depth and width for abrasion mark were respectively 27.6 pm

and 980.2 pm, friction coefficient was 0.498. There were only slight furrows and less debris accumulation on both sides of the

tool abrasion marks. The surface abrasion mark was bright, the wear was slight depth and width were respectively 2.25 pm and

570.8 um and friction coefficient was 0.314. Wear resistance of tool is improved by depositing CrN coating on the surface of

high speed steel tool and depth of wear mark, width of wear mark and friction coefficient are small in the wear test.

KEY WORDS: high speed steel tool; magnetron sputtering; CrN coating; wear-resisting performance; morphology
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Tab.1 Level of orthogonal experiment

Level Target .Depositi01.1 Nitrogen gas. |
power( I )/W time(Il )/min  flow(Ill )/(mL-min™")

150 75 10

200 100 25

250 125 40
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Tab.2 Orthogonal table of L4(3%)

Samples Target 'Depositior'l Nitrogen gas' y
power( I )/W time(Il )/min flow(Ill)/(mL -min™")
Ap 150 75 10
Ay 200 100 10
Az 250 125 10
By 200 125 25
Bs; 250 75 25
B, 150 100 25
Cs, 250 100 40
Ci; 150 125 40
Cu 200 75 40

T RIS S A By, Cy il FmZ N 10, 25,
40 mL/min, | FRFLIRIKF-, | F7R PR ] 97K o
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Tab.3 Inspection results of CrN coating

Sam- Film thick- Microhard- Surface rough- Base binding

ples ness/um  ness(HV) ness/pm force/N
Ap 2.64 981 0.624 14.6
An 5.25 1192 0.580 11.2
As; 6.04 1664 0.567 7.4
By 5.49 1002 0.570 10.9
B;, 3.47 812 0.543 16.2
B, 3.02 945 0.550 243
Csy 3.78 1549 0.557 8.6
Cis 3.11 1207 0.540 31.6
Cy 2.83 833 0.561 30.2
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Fig.2 Surface and section topography:
(a) Surface topography; (b) Section topography
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Fig.3 EDS analysis
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Fig.8 Profile variation of abrasion marks on uncoated tool
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Fig.9 Profile variation of abrasion marks on
coated tool by optimization process
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