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Abstract: Tifilm was sputtered on Ni-Cr alloy substrate with magnetron sputtering and so it acted as
an interlayer for N+ Cr/ porcelain interface. Microstructure, products category, distribution and reae-
tion mechanism of bonding interface of N+ Cr/ Ti/porcelain have been investigated. Experimental re-
sults showed that the N+Cr/ T porcelain interface was very complicated and the interface has new
phase composition with Ti2Ni, AITi, TiO2, SnCro.14Ox, NiCr204 and Cr203. During the high tem-
perature firing, AT 5 compound was produced by the reaction between T1iand A120s3 in porcelain, ste
ble T2 Ni compound between Ti and Ni, and TiO2 produced by the displacement reaction between Ti
and SnOz2, SiO2, etc, then TiO:2 reacts with the oxides in porcelain and exits with sosoloid mode. Ti
interlayer reacts with porcelain as well as N+Cr alloy during high temperature firing after sputtering
Ti interlayer on N+ Cr alloy surface which can realize the bond N+Cr alloy with porcelain.
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Table 3  Firing technological parameter
Opaque Opaque Body
Firing cycle
1 (the first) (the second) porcel ain
Low tem perature/ 'C 680 680 680
Preheat time/ min 1 1 2
SHOFUUNIMETAL II Heat rate/ ('C* min~ ") 60 60 60
N+Cr , 1 PA2O ( Firing temperature/ C 990 990 990
) AZB( ) Firing time/ min 2.5 2.5 2.5
2
2 Vacuum level/ hPa 50 50 50
Cooling Aircooling  Air cooling  Air cooling
1 NiCr ( ! % )
Table 1 Chemical composition of N+Cr @
alloy (mass fraction / %) i
Ni Cr Mo Al Be Bal
77.0 14.0 4.7 2.0 1.8 0.5
2 ( 1 %)
Table2 Chemical composition of PA,O and
A, B(mass fraction/ %)
Si0, ALOs Sn0, Bal
55-60 1215 615 16-15
N+Cr 30mm % 25
mm X 10mm s 15mm x 10
mm X Imm ISO 9693

25mm X 3mm X 0. 5mm

el 120Hm Al:0s
s 10min, Smin
DPS- 1II ,  N&Cr
Ti, Ti 3Um
$60mm x 3mm, 99. 9% ( )
, 0. 4A,
4% 10" Pa, 0.8 Pa NiCr
Ti s Multimat 99, VACV
MAT 2500 )
, 3[7]
1I0mm X 10mm X 1. Omm
8mm X 3mm X 1.0mm, 1
JSM=5310 (SEM) (.3
FORD (EDS), N+ Cr/ Ti/
; D/ Max2500Pc X
(XRD)

b

(a) ; (b)
Morphology of the samples after porcelain firing

Fig. 1
(@) sample for microcosmic analysis;

(b) sample for three- point bending test
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Fig.2 Microstructures of the Ni-Cr/Ti/porcelain interfaces Ti Cr N+Cr/Ti1
(a)microstructure; (b) EDS; (¢) XRD pattern Ti N+Cr Ni
2.2 NeQ/TV & Rl 2438 A Al 0 5 4 T+Ni » Ni-Cr/ Ti
T=990C, t= 2. 5min, Ti AGT :
Um N Cr/Ti/ Ti+ 3Ni~ TiNi
48.4MPa, N#Cr/ AGT = — 148. 928+ 0. 048T (2)
20. 4% 3 N+ Cr Ti+ Ni _ TiNi
3 , AGT = — 64.438+ 0.013T (3)
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Fig.3 Fracture morphology and element point scanning analyses of N+Cr alloy side after three-point bending test

(a) microcosmic morp hology; (b) high magnification; (¢) EDS of 1 point; (d) EDS of 2 point; (€) EDS of 3 point

4 THrNi TG n
Table 4 The Nvalue of T+Niand T+ Cr systems -20r Ti+Ni—Ti Ni
System (Z/ri)al (Z/T1) 8 Ax n P Ti+Ni—TiNi
5 o—o——*
T+ Ni 2.74/5.90 0.3 0. 764 E “o0F
T4 Cr 2.56/5.90 0.1 0. 533 < 30| i .
a AN e
-100L '\"}‘:/'/.
I/.
Ti+ Ni~ TiNi a2l
® 800 900 1000 1100 1200 ) 1300 1400
AGr = — 37.571+ 0.003T (4) lemperature/K
[ 10] ) (2)~ 4 NiCH/Ti
(4) Gibbs AG(}J AG;) Fig.4 Relation between standard Gibbs free energy
4 4 (2) - (4) and temperature of N+Cr/ Ti interface reaction
Gibbs , 3
2.3.2 Ti/
, 680°C(953K), , Ti Sn02, SiO-
,Ti Ni A0 , AGT
T+ Ni 942 C Ti+ SnO> ~ TiO2+ Sn
:L” B+ Ti2Ni AG? = — 361.816— 0.00979T (5)
942°C ,Ti Ni , Ti+ Si02 ~ Ti02+ Si
, TeNi Ti Ni Ni AGT = — 28.089— 0.00068T (6)
Ti . Ti+ ALOs ~ TiO2+ Al
Ti , Ni AGT = 172.096- 0.0332T (7)
Ti2Ni : : [ 10] , (5~
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