137

IR EF YA
J. Kor. Inst. Surf Eng.
Vol. 37, No. 3, 2004.

<PAFE=E>

SEM Tribosystem0l 28t CVD TiNte| OJA|X Oz S4 HIt

ob Mo

0{5-Li&fm

—k
S8

2ICh

&}
St

RS2 et}

Evaluation of Microscopic Wear Characteristics for CVD TiN
Coatings with SEM Tribosystem

Bongho Moon”

Yosu National University, Department of Automotive Engineering, Yeosusi 550-749, Korea

(Received 13 April 2004 ; accepted 4 May 2004)

Abstract

This study surveys the microscopic wear of CVD TiN coatings in repeated sliding, using the SEM Tri-
bosystem as in-situ system. According to the research, the depth of wear groove and the specific wear amount
are changed by the transition of the microscopic wear mode. This investigation leads to the fact that the
change of wear characteristics produces the transition of the wear mode. In this survey, four modes are observed
for CVD TiN coatings with the thickness of 1.6 um: ploughing, powder formation, flake formation and coating
delimitation. The microscopic wear properties is quantitatively evaluated in terms with the microscopic wear
mode and the specific wear amount. These relationships prove that the observation of wear modes with a
SEM Tribosystem is useful to evaluate wear properties.
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H3lEls Ao] Aztgojth, agy o)} 7 vl Table 1. Coating conditions of disk specimen
qumgl Wl AR AIE 7 dAME Fe nn ' Material: TiN

Y AU 9F3 EES AFY Beot Y3 A Coating Thickness: 16, 7.5, 12 pm
&3A HYAlY mREALE Hrlele AL E7t Material: WC-Co alloy
itk o] wFd mpEdlE Foll wEHE AF Substrate Surface machining: Grinding
#Z 715 AF77F o5t ol #AFolA Roughness(Ra): 0.14 um
Kato'"'?%5& SEM Tribosystem< 7] %3} o Process: High temperature CVD
SEM Tribosystem= SEMWo] w2 A HXXE A Input gas: TiCl,, N;, H,
zated EA7) vjnd HEB A DA wA1A =) CVD CVD reactor: Hot-wall reactor
2ol A FALS AH BFE 5 9= AXE Kato Temperature: 1000°C

E2 o]l &8sl F&, At S By st Pressure: 10~ Pa

A} vl & e (Microscopic wear mode)E “d 2|3}

2 20 e A oheslRE AHAT, TS
nlz o] Mozt nlrdgefe] Moo 2§ AY
3.

2 7= CVD TiNHe| wiAA w2 g F7tst
7] 9sled SEM TribosystemE ©]-83}%t}. SEM
Tribosystemt] 9] 8HE np@ a4 mAHog #
ste] mlR YA}, wlEE, U}DaEHJ 5 2 2
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ZA|Hol o5 FitE v|rtRFS éxq gt o|A=

o
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€ A3t st CVD TINHY] wAF nfrEdE
ANEA 7k
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2.1 AEHHNZH

B A7 A8E AR T A7} ThE 3
29| tizzs) folth, B AR ARE Tholo}
B2g 92 30 umel™ EHAZ717F 0.1 um Ra
ojalo|t}, Bl A|HL 0.14 um RaZ AvlsEoizl
WC-Cott3¢l ZAjol dcvDuiel o3 TN
1.6pum, 75um ¥ 12ume 3FF FAZ YT
Aoltt. ® 10 t=2e) Sehiwe e, 2
@ 1] TNl 27189 3 ddws yepdoh
a@eA Tzt ARG weh TiNg e

27t 37K ¢ 4 Aok 2343 0] 16um,
75um, 12umeo 2 F790) wet Hehie] TiN
U7 A717F 0.6 um, 3.2 um, 3.5um=E AHAH T} ©]
of met FRAATAN FAMN HIAZ7I(Ra)=
0.08 um Ra, 0.31 ym Ra, 042 um RaZ A, Fig. 1. SEM micrographs of disk specimen (a) coating
W Zo](Rmax)s= 0.8pum Rmax, 2.6um Rmax, thickness of 1.6um (b) coating thickness of
3.2um RmaxZ #HTH 7.5 um (c) coating thickness of 12 um.
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Fig. 2. Schematic diagram of wear apparatus in a SEM
Tribosystem.
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Fig. 3. Variations of depth of wear groove with number
of friction cycles at various coating thickness
(a) t=1.6 um (b) t=7.5 um (c¢) t=12 pm.
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Fig. 4. Variations of specific wear amount with number
of friction cycles at various coating thickness
(a) t=1.6 um (b) t=7.5 um (¢) t=12 um.
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Fig. 5. SEM micrographs of wear mode with 1.6 um coating thickness (a) Ploughing (b) Powder formation (c) Coating

delamination (d) Flake formation.
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Fig. 6. SEM micrographs of wear mode with 7.5 um and 12 um coating thickness (a) Powder formation (b) Flake

formation.
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(b)

Fig. 7 Process of crack generation during Coating delamination with 1.0 N load (a) N=30 cycles (b) N=50 cycles

(c) N=80 cycles.
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Fig. 8. Process of flake debris generation (a) Wear debris behind pin (b) Wear debris before pin.
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Fig. 9. Wear mode transition maps at various coating
thickness (a) t=1.6 um (b) t=7.5um (c) t=
12 um.
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Aie o3 72t
Ploughing: Ws < 1X 10”°mm’*/Nm
Powder formation: 1X10”°mm’*/Nm < Ws <
1X 10~ mm*/Nm
Flake formation: 1X10™*mm*Nm < Ws <
1X10”°mm*/Nm
Coating delamination: 1X10°mm*/Nm < Ws
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