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ABSTRACT: The work aims to study effects of different heating temperature on mechanical properties of Ni-P/Ti/DLC multi-
layer films. Ni-P layer was prepared on die steel substrates by adopting electroless nickel-phosphate plating process, and Ti

transition layer and DLC protective layer were deposited by adopting filtered cathodic vacuum arc (FCVA) technology. Compo-
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sition of the multilayer films at different heating temperature was analyzed with Raman spectrometer, Hardness, elastic mod-

ulus, adhesion, and scratch morphology of the multilayer films were characterized with nano indentor, nano scratch tester and

SEM. The results of Raman spectrometer showed that Ap/d value and sp* content of DLC film on the multilayer films increased

as heating temperature rose, and variation amplitude of 4p/Ag increased obviously at 400 “C. The results of nano indention test

showed that both hardness and elastic modulus of multilayer films first increased and then decreased as heating temperature

rose, and reached the peak at 300 ‘C. The films did not fracture during nanoindentation. The results of nano scratch test and

SEM showed that critical load 4, of multilayer films increased as heating temperature rose; critical load 4, did not change ob-

viously in the range of 25~200 ‘C, but it increased significantly in the range of 300~400 ‘C. Graphitization of DLC layer is re-

markable at 400 “C; mechanical properties and layer adhesion properties of multilayer films are better at 300 °C; layer adhesion

properties and crack growth inhibition weaken at 400 “C, and layers exhibit greater plasticity, hence suitable heating temperature

contributes to higher mechanical properties and layer adhesion properties of multilayer films.
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Tab.1 Deposition parameters of Ti and DLC film

Parameter Ti DLC

Bias/V Pulsed 1000 DC80
Arc current/A 55 45

Ar gas flow rate/(mL-min™") 70 100
CH, gas flow rate/(mL-min™") 100
Arc voltage/V 28 20

EET & T2 B, XA 4 ASERE S ) I A0 ik
% 100, 200, 300, 400 ‘C, FHEHE K 1.5 C/min,
PRGBS 1 h, BEREFRAEIEER, KL
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Fig.1 Schematic diagram of sample
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Fig.2 Raman spectrum result at different
heating temperature
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Tab.2 Analysis result of Ap/A¢g

Temperature/’C D peak/cm™ G peak/cm™ Apl/Ag
25 1384.14 1554.61 2.36
100 1388.38 1560.65 2.53
200 1383.96 1559.4 2.66
300 1380.33 1561.8 2.81
400 1369.6 1571.3 3.7
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Fig.3 Relationship between hardness and indentation depth
at different heating temperature
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Fig.6 Nanoscratch test result of sample at 20 ‘C: (a) acoustic emission signal-friction curve of scratches,
(b) SEM image of scratch morphology
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Fig.7 Nanoscratch test result of sample at 100 “C: (a) acoustic emission signal-friction curve of scratches,
(b) SEM image of scratch morphology
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Fig.8 Nanoscratch test result of sample at 200 C: (a) acoustic emission signal-friction curve of scratches
(b) SEM image of scratch morphology
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Fig.9 Nanoscratch test result of sample at 300 “C: (a) acoustic emission signal- friction curve of scratches,
(b) SEM image of scratch morphology
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Fig.10 Nanoscratch test result of sample at 400 C: (a) acoustic emission signal-friction curve of scratches,
(b), (c) SEM image of scratch morphology
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