®BERIEES ADI 5578 TiN/Cu BB iEfRsEE e
Effect of Post Heat Treatment on Structure of TiN/Cu

Duplex Coatings on ADI Containing Copper.
FREUE Y FrEE Y PR it
Y.C. Fang, C.H. Hsu?, C.H. Chen®, C.H. Hsieh'
REIREM R TAR T

Department of Materials Engineering, Tatung University

w =

HIBY PVD-TIN &L (i 2
BTt 68 e R it PE AR > 1R
SESE TR IR RVE AN o NIE R T4
G M AR - A g E A
PSR R e > f5#7E PVD-TIN
FORMTEDK ER R R E(ADNEA | > 28
{&1% 300°C HEFTA [EFR R Z 2yl
B DUER AR 2n ¥ TiN/Cu-ADI
B ERG R  E

EER&SIREDT © (DADI £ 300°C
& B BTG AN B A0 H R T HE L B A
TR BN AE S ¢ (2)FE IS o7 ] I
FIE A ADI REIBKESLF > FF(E T
PVD-TIN Rl + Q)HEE 2z
IRFfE 82 20N - A{H Cu iR fEAY
£ TiN SE - 11 HAES MR g [F]
o bR -
[R5 © KA EDKER RS - PVD-
TiN ~ S - BBV - S(b8E

ABSTRACT

It is known that PVD-TiN has been
widely applied in improving metal’s
corrosion resistance and wear resistance.
Moreover, copper plating can also
increase  the electric and  heat
conductivity of metals. So in order to
combine the two coating characteristics,
this study first used copper plating as
intermediate layer, and then coated TiN
by cathodic arc deposition on Cu-ADI
substrates. The duplex coated

specimens were held at 300°C for
different heat treatment time for
understanding the post-heat treatment on
the coating properties of the TiN/Cu
coated Cu-ADI.

Experimental results showed that: (1).
ADI  didn’t alter its ausferrite
microstructure  after  300°C  heat
treatment; (2). Copper plating as an
intermediate layer could successfully fill
the graphite holds on the surface of ADI;
(3). Cu obviously spread into TiN film
and an oixde film formed on the out-
layer with increasing the post-heat time
up to 20 hours.

Keywords: Austempered ductile iron,
PVD-TIiN, Copper plating, Post heat
treatment, Oxide film.
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Table 1 Chemical compositions of the
experimental material in this study.

ElementC Si Mn P |Cu S [Fe

Wt%  [3.39(1.45/0.21(0.07/1.04/0.03Bal.
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Fig.1 (a) Diagram of Y-block castings, (b)
Dimensions of the specimens in this
study. (unit: mm)
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Fig.2 Schematic diagram of austemper-
ing heat treatment.
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Fig.3 Schematic diagram of Cu
interlayer on the ADI surface.
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Fig.4 Schematic diagram of cathodic arc
deposition system.

Table 2 CAD processing parameters for
TiN coatings in this study.

Parameter condition

Two targets Tigo swios X2

Cathode current 50A

-3
\Working pressure 0.21 Pa (1.57x10

Torr)
Ar* Bombardment | -600V/mins
Substrate bias -150 V
Substrate temperature| 260°C
Rotation rate 4 rpm
Target to substrate 150 mm
distance

Reaction gas for TiN | N2(30 sccm)

Deposition time 30 mins
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Table 3 The coating & post heat
treatment conditions and specimen codes.

Specimen Coatings and post heat
code treatment time

S1 ADI_TiN

S2 ADI_Cu

HO ADI_Cu/TiN_Ohr

H1 ADI_Cu/TiN_1hr

H5 ADI_Cu/TiN_5hr

H10 ADI_Cu/TiN_10hr

H20 ADI_Cu/TiN_20hr
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Fig.6 Microstructure of Cu-ADI. (a)
Before coating treatment. (b)
After coating treatment, and (c)
After post heat treatment at 300
‘C for 20 hr.
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Fig.7 XRD pattern of the TiN -~ Cu and
post heat treatment specimens
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Table 4  Chemical composition of the coatings analyzed by EPMA (at%).

Specimens Ti(at%) N(at%) O(at%) Cu(at%)
S1 45.02+2.25 53.90+2.69 0.19+0.01 0.86+0.04
S2 0.02+0.01 0 0.03+£0.001 99.97+4.99
HO 30.15+£1.50 48.45+2.42 0 21.39+1.07
H1 31.09+1.55 48.29+2.41 0.44+0.02 20.36+1.01
H5 30.86+1.54 47.22+2.36 0.78+0.04 21.91+1.09
H10 25.81+1.29 44.83+2.24 1.65+0.08 28.41+1.42
H20 19.08+0.95 38.08+1.90 3.35+0.16 40.06+2.00
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Fig. 8 Comparison of average atomic
concentration for the coated and

post heat-treated specimens.
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Fig. 9 Comparison of average mass
concentration for the coated
and post heat-treated speci-
mens.
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FE-SEM

Fig.11 Cross-sectional
micrographs (30000X) of the TiN
coated specimens with CE
interlayer through different post
heating time: (a)HO, (b)H1, (c)H5,
(d)H10, and (e)H20.
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Fig.12 Cross-sectional TEM ima of
the Cu/TiN/20hr multilayer.
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Fig.14 EDS analysis of the thin
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Fig.15 Nano-beam electron diffraction
pattern of the TiON.
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Fig.16 TEM selected area electron
diffraction (SAD). (a)The pattern of FCC
structure the copper electroplating, (b)
Diffraction pattern of Fcc crystal.

Fig.17 TEM selected area electron
diffraction (SAED) pattern of the TiN.



Table 6 Distances for the TiN mono-

layer.
Ring Experimental .
number A TiN (A)

1 2.43 2.44 (111)
2 2.17 2.12 (200)
3 1.49 1.51 (220)
4 1.28 1.27 (311)
5 1.22 1.22 (222)
6 1.07 1.06 (400)
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