FHEHA Faastg o
- 134 - SURFACE TECHNOLOGY 2015 £ 09 A

R @R F 1 A4 0

R R % 45 & 5 B I 57 35 17 5 B0 30 W X1 3% 4 4T

ME, FUx%, T8

CRBETIES R BHERAERIWE, JCR 100072)

i OE. BE AR RREM RSB AT IE R R B AT 6 vm AR T A e R I S AR R

Tt KRR BRI ARLE 304 REMA Si h L& RACAK(TIN) M BE, SRR 4248 b BL 0058 5 5L ad A%
&Y A B, SRR 4 R RN K R e AR B SRR R R kM K R ey 4 AR B BE R R R RIR K
X ik R Ao B ik FFE R B GHw, GR AL TIN FERE,BEY 2 pm, AR ENEE Y
2300HV, TiN/304 45404k A R SRR AR A3 B AT (10 N) Fo X 54742 (3 mm) 4T, 3R] 3h
#E(1 ~3 mm/min) , FEERFELZHEFTRLR AR mEET (10 N) F= X Sk £ (3 mm/min) FH T,
M A XS ATAZIE (3 ~9 mm) , F = WERKMAEXZBRIG, FHie KRAXREMNZL SR, B
FAR R S0 B B R ILE — B 5 e BEX BT R B kA, O Bab B A E AR5 A A SRl A K
CE, TEZ LRI REAL, #&09 TIN BB LI 5 AE LR a6 RAFIE1E 4.9 N, SRR R
RAE P AR EAL A 4.9 N,

KPR AR AT; TIN BB, 4650, XRE; ARG, KBEX

RESES. TG174.444; TG115.5 MEKFRIRAD: A MEHS: 1001-3660(2015)09-0134-06
DOI; 10. 16490/j. cnki. issn. 1001-3660. 2015. 09. 022

Analysis of Influencing Factors on Critical Load of Adhesion Strength in Scratch Test
DU Jun, WANG Hong-mei, WANG Xin

(National Key Laboratory for Remanufacturing, Academy of Armored Force Engineering, Beijing 100072, China)

ABSTRACT: Objective In order to determine precise adhesion strength of hard film, the effects of parameters of scratch test on
the critical failure load were studied and discussed. Methods Titanium Nitride ( TiN) film was deposited on 304 stainless steel
plates and Si wafer by magnetron sputtering. The cross-section morphology and thickness of TiN film were observed by Scanning E-
lectric Microscopy (SEM) , the hardness was evaluated by nano-indentation method, the adhesion strength was studied by scratch
tester, and the influences of slide length, slide speed and loading rate on the critical load were analyzed. Results As-deposited TiN
film possessed dense morphology with a thickness of about 2 wm. The hardness of TiN film was about 2300HV and the TiN/304

stainless steel system was hard film and soft substrate. The increase of slide speed (1 ~3 mm/min) resulted in the first acoustic e-
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mission (AE) signal delay under the same load (10 N) and slide length (3 mm) conditions, the increase of slide length (3 ~9

mm) resulted in the gradual weakening of IIT and IV failure mode under the same load (10 N) and slide speed(3 mm/min) condi-

tions. Conclusion In order to evaluate ideal adhesion strength, I to IV failure mode appearance should be observed in single

scratch path with specific AE signal. Critical load repeated itself within proper range of testing parameters. Position 4.9 N AE sig-

nal appeared during several tests under different setting parameters, in combination with the scratch morphology, it clarified that

the adhesion strength of as-deposited TiN film was 4.9 N.

KEY WORDS: magnetron sputtering; TiN film; adhesion strength; scratch test; acoustic emission; failure mode
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Tab. 1 The critical load of adhesion strength of the film
under different loading rates in scratch test

g BaT RRK Wl mEERs L, L,
% /N JE/mm (mm-min”') (N-min™") /N /N
1 10 3 1 3 2.9 4.9
2 10 3 2 6 4.3 4.9
3 10 3 3 9 4.9
4 10 6 3 4.5 5.3 6.2
5 10 9 3 3 5.3

b 2K

B 1 TiN #EEs

Fig. 1 TiN film morphology: a) Cross section; b) Surface
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Fig. 2 Loading-unloading curves of TiN film
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Fig. 3 The scratch morphology and corresponding AE signal under different slide speeds
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Tab. 2 Description of the failure mode during adhesion
strength determination in scratch test
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Fig. 4 The scratch morphology (length 3 mm, speed 1 mm/min)

under: a) failure mode II; b) failure mode IV
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Fig.5 The scratch morphology under different Slide length (10 N)
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Fig. 6 Enlarged inside view of slide path (slide length 9 mm)
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