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Interlayer design for joining pressureless sin- 
tered sialon ceramic and 40Cr steel brazing 
with Ag57Cu38Ti5 filler metal 
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An interlayer design and test was made to enhance the joining strength of the pressureless 
sintered sialon ceramic and 40Cr steel. Joining was preformed by vacuum brazing using 
Ag~7Cu38Ti~ filler metal. The joint strength was evaluated by four-point bending. A strong 
interfacial bond of the Ag~7Cu3~Ti ~ filler metal on the sialon ceramic with formation of Ti2AIN, 
Ti~Si 4 and TiAg was obtained at brazing temperatures over 1123 K, which could be weakened 
by a brazed metal such as Kovar or Ni-15Cr-15Co alloy. The joint strength of sialon ceramic 
with 40Cr steel can be improved by using a layer of soft interlayer such as Cu with a suitable 
thickness, particularly by the composite interlayer such as Cu/Nb alloy, Cu/Ta, Cu/Mo etc. The 
maximum strength of the ceramic/steel joint, 280 MPa, was obtained by using Cu/Nb alloy as 
interlayer and brazing at 1153 K for 5 min. Finally, we discuss how to design an interlayer in 
ceramic/metal joining. 

1. In t roduc t ion  
A strong ceramic/metal joint is dependent on both 
chemical and physical factors. It includes a strong 
interfacial bond between ceramic and metal, which is 
controlled by the interfacial reaction between ceramic 
and metal; and a favourable stress gradient in the 
ceramic/metal interfacial zone which is controlled by 
an interracial structure. A strong interracial bond be- 
tween ceramic and metal is dependent on a design of 
an active brazing filler metal and the control of braz- 
ing parameters in direct brazing. Major research on 
ceramic/metal joining has been focused on this field 
[1-10]. A promising active brazing filler metal, 
Ag57Cu38Ti s ternary alloy, has been developed in 
recent years [7-10], as it has excellent wettability, 
flowability and adhesion on most ceramic surfaces. 
On the other hand, a favourable stress gradient in the 
interfacial zone is dependent on interfacial design, in 
which the selection of an inserted interlayer between 
ceramic and brazed metal will be critical. It has not 
been possible to achieve a strong ceramic/metal joint, 
or to achieve acceptable joining [-11], without an 
interlayer. 

Some elastic stress analyses [-12 15], finite element 
calculations [16] and X-ray residual stress determina- 
tion [17] have been performed for a ceramic/metal 
joint, confirming that there is a high residual stress 
gradient around the ceramic/metal interface. A low 
joint strength would be unavoidable if the steep stress 
gradient were not effectively relaxed. Some research 
has suggested the insertion of an interlayer to improve 
the strength of a ceramic/metal joint [- 18, 19]; however 
the general understanding of how to design an inter- 
layer is still insufficient. This investigation aims to 
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improve the joint strength of pressureless sintered 
sialon ceramic to 40Cr steel by interlayer design. The 
choice of the ceramic and steel as the specimen mater- 
ials in this study is based on the fact that they are 
promising structural ceramic/metal components in 
heat engines. The possible candidate interlayer mater- 
ials are Cu, Ta, Mo, Kovar and Ni alloy, each having 
a different coefficient of thermal expansion, yield 
strength, ductility, modulus of elasticity, creep 
strength and a different interaction with Ag57Cu38Ti 5 
brazing filler metal. Hence this effort should help us to 
understand the behaviour of interlayers in joining 
ceramics to metals. Finally, a method of making an 
interfacial engineering design to solve the residual 
stress problem in joining dissimilar materials is also 
suggested. 

2. Basic considerat ions  
A joining system for a ceramic/metal joint is shown 
in Fig. 1. As the joining of each part in the system 
consisted of a series, joint strength depended on the 
weakest link in the series system. Since the strength of 
the metal/metal interfacial bond, the brazing filler 
metal and the brazed metal itself is higher than that of 
the ceramic/metal interracial bond and the ceramic 
itself, the fracture of the metal/ceramic joint can be 
divided as follows. 

(1) Fracture occurs rigorously at the ceramic/metal 
interface, named as fracture type A. Without inter- 
facial residual stress, the strength can be regarded as 
the true joining strength of ceramic and metal. This 
fracture type corresponds to the very low strength of a 
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Figure 1 Schematic diagram illustrating three kinds of fracture of a 
ceramic/metal joint. 1, 3; reaction layer between ceramic and braz- 
ing filler metal or brazing filler metal and brazed metal, respectively. 
2, Braze seam. (a) Fracture occurs rigorously at the ceramic/metal 
interface because of a low interfacial adhesion strength; (b) fracture 
occurs at ceramic very near the interface because of better adhesion 
strength between ceramic and metal, but a high residual stress there; 
(c) fracture is independent on the interface because of both better 
adhesion strength between ceramic and metal and a favourable 
stress gradient in the interracial zone. 

ceramic/metal joint, and can be improved by the 
design of active brazing filler metal and the control of 
brazing parameters such as temperature, time, a tmo- 
sphere, etc. As Ag57Cu38Ti 5 brazing filler metal is an 
excellent active filler metal for silicon nitride ceramics 
[ 10], a poor  interfacial bond strength of the ceramic to 
the active filler metal is mainly due to the influence of 
brazing temperature or brazed metal, which can 
control the interfacial reaction between ceramic and 
brazing filler metal. 

(2) Cracks occur in ceramics very near the interface 
and their propagat ion often deviates away from the 
interface due to a phase angle qJ = 90 ~ [21, 22], named 
as fracture type B. The strength is regarded as the 
apparent  joining strength of a ceramic and a metal, 
which reflects a strength loss of the ceramic near the 
interface because of a steep stress gradient there. This 
fracture type corresponds to a medium joint strength 
of ceramic to metal. The steep stress gradient in the 
interfacial zone between ceramic and metal can be 
relaxed by design of a suitable interlayer. There are 
two kinds of interlayers in physics: (a) a hard inter- 
layer, characterized by W or Mo, which has a lower 
coefficient of thermal expansion but a relatively high 
strength both at room and high temperature, and a 
decrease of residual stress due to direct reduction of 
the mismatch of thermal expansion between ceramic 
and brazed metal; and (b) a soft interlayer, character- 
ized by Ag or Cu, which has a lower strength and 

better ductility, but a relatively high coefficient of 
thermal expansion. An improvement in the steep 
stress gradient in the interfacial zone is due to a 
relaxation of the stress by creep or yield mechanism. 
The combination of the two kinds of interlayer mater- 
ials is also considered in order to further reduce the 
stress in the joint and enhance the strength of a 
ceramic/metal joint. 

(3) Fracture occurs in ceramics independently of 
the interface: fracture C. The joint strength is the 
strength of the ceramic itself. In this case, there is both 
an excellent interracial bond strength of ceramic to 
metal and a favourable stress gradient in-the inter- 
facial zone. Hence the maximum joining strength of a 
ceramic/metal joint should be expected, and this joint 
is ideal, which implies that corresponding interracial 
design is very successful. The experimental design in 
the present work was made according to the above 
basic considerations. 

3. Experimental procedure 
The 13'-~'-sialon ceramic with a density of 3.44 g cm-  3 
and a coefficient of thermal expansion ~ = 3.2 
x l 0 - 6 K  -1, obtained from Shanghai Institute of 

Ceramics, Academia Sinica, was made by sintering 
active Si3N 4 powder with Y203 and A1N additives at 
2073-2123 K for 2 h in N 2. The two-phase ceramic has 
a good high-temperature strength. This is because the 
second phase ~'-sialon in a [Y-siMon substrate can trap 
the big trace anions y3+, Ca2+, and Li + etc from the 
raw materials [22]; otherwise the anions will segregate 
on the grain boundary to form a glass phase, which 
would cause the high-temperature strength of the 
ceramic to deteriorate. The chemical compositions of 
the candidate interlayer metals and brazed 40Cr steel 
are listed in Table I, and the physical and mechanical 
properties of the candidate interlayer in Table II. The 
AgsvCu38Ti 5 brazing filler metal was prepared by 
melting twice in a vacuum-arc furnace, and then 
rolling into a 100 lam strip. The surface to be brazed of 
the ceramic bar or 40Cr steel bar was polished with 
diamond paste or emery paper no. 500, respectively. 
The surface of the interlayer metal and the brazing 
filler foil were polished with emery paper No. 500, 
then carefully cleaned in acetone before brazing. The 
assemblage of the sandwich joint, consisting of two 
ceramic bars or a ceramic bar and a 40Cr steel bar 
both with 2.5 x 5 x 20 ram, and an inserted interlayer 
and brazing filler metal between them, was fixed in an 
iron jig (as shown in Fig. 2) in order to ensure the 
alignment of the ceramic/steel joint. The jig was rap- 
idly heated in a cold-wall type vacuum brazing fur- 
nace to brazing temperature, and was held there for 
5 rain. A dynamic pressure of the furnace chamber was 
kept between 1 x 10 -4 and 1 x 10 -5 torr during braz- 
ing. The flexural strength of the ceramic/ceramic or 
ceramic/steel joints was measured in air at room 
temperature by four-point bending with cross-head 
speed of 0.2 m m m i n - 1 .  The details of the brazing 
procedure and the strength measurement have been 
published previously [10]. 
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T A B L E  I Chemical composit ion of interlayer materials and 40Cr steel (wt %) 

Material C Si Mn Cr Fe Zr W Nb Mo Ti Ni Co Cu Ta 

40Cr 0.42 0.25 0.65 1.0 Bal. 
Nb alloy 3.5 10 Bal. 
Mo Bal. 0.5 
Kovar  0.05 0.30 0.50 Bal. 32 15 
Ni alloy 15 Bal. 15 
Cu 99.9 
Ta 99.9 

T A B L E  II  Physical and mechanical properties of interlayer metals for the sialon ceramic/40Cr steel joint 

Material ~ E (Yo.2 c~ 7~176 65 Melting 
(106) (GPa) (MPa) (MPa) (%) point (K) 

Cu 17 124 60 - 48 1356 
Mo 6.4 294 900 606* 2898 
Ta 6.5 186 250 - 3252 
Nb alloy 8.75 106 400 300 - - 
Kovar  6.9 139 343 - 32 1773 
Ni alloy - 225 20* - 1726 
40Cr 14.4 200 402 304 21.5 1673 

* Yield strength at 1144 K. 
* Creep strength at 1073 K (10-7 s-1). 
c~ is the coefficient of thermal expansion, E is Young's  modulus,  ~o.2 is yield strength, cr 7~176 is high-temperature strength at 700 K, 65 is the 
percentage of elongation. 
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Figure 2 Assemblage of a sandwich specimen of the ceramic/steel 
joint !, [Y-~'-sialon; 2,40Cr steel; 3 iron jag; 4, Ag57CuasTis brazing 
filler metal; 5, interlayer material. 

4. Results and discussion 
4.1. Joining of ceramic to ceramic 
Fig. 3 shows the brazing temperature dependence of 
the bond strength of the ceramic/ceramic joint with 
Ag57Cu38Ti 5 brazing filler metal. The joint strength 
brazing at 1103 K was low and fracture occurred at 
interface, which was due to an insufficient interfacial 
reaction between the ceramic and the brazing filler at 
lower temperature [10]. The interfacial bond strength 
of the joint when brazing was performed over 1123 K 
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Figure 3 Brazing temperature dependence of the strength of the 
sialon/sialon ceramic joint using AgsTCu38Ti s filler metal. �9 Frac- 
ture occurred at interface; O, fracture occurred at ceramic inde- 
pendently of interface. 

was high, and fracture occurred in the ceramic inde- 
pendently of the interface, which indicated that the 
interfacial bond strength was higher than that of the 
ceramic itself. 

In order to make clear the relationship between 
the bond strength and interracial reaction, a piece of 
Ags7Cu38Ti s brazing filler metal with 8 x 8 mm in 
area and 0.10 mm thickness was placed on the surface 
of a sialon ceramic with the same area, then heated in 
vacuum to 1153 K and held there for 5 min. A small 
contact angle (5 ~ ) of the brazing filler metal on the 
surface of the sialon ceramic was observed. After 
mechanically removing the brazing filler metal from 
the surface of the Sialon ceramic, a hard metal reaction 
layer with a bright gold-yellow colour appeared, but 
X-ray diffraction (XRD) (Fig. 4a) showed that a thin 
layer of Ag and Cu still existed on the reaction layer. 
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Figure 4 XRD patterns of interface reaction layer between sialon 
ceramic and AgsTCu38Ti 5 filler metal (wetting at l 153 K for 5 rain). 
Unmarked peaks belong to sialon ceramic. (a) Apparent reaction 
layer after mechanically removing Ag-Cu brazing filler; (b) true 
reaction layer after chemically removing thin Ag-Cu layer in 50% 
HNO 3 for 10sec. @, Ag; (I), Cu; O, TisSi~; �9 Ti2A1N; @, TiAg. 

After chemically removing the thin Ag-Cu layer in 
50% H N O  3 for about 10 sec, a true reaction layer 
with a dark gold-yellow colour appeared. XRD (Fig. 
4b) showed that the interracial reaction layer consisted 
of Ti2AIN, TisSi4 and TiAg, based on a layer trans- 
ition model on the ceramic/metal interfacial zone 
[1, 10], a series system with a sialon/Ti2A1N/TisSi4/ 
TiAg/Ag-Cu layer structure formed which resulted in 
a strong bond between the sialon ceramic and the 
brazing filler metal. From Fig. 3, it is expected that the 
bond strength of the ceramic/ceramic joint using 
the active brazing filler is not sensitive to brazing tem- 
perature and time within a broad range. Therefore 
Ags~Cu38Tis brazing filler metal is an excellent active 
brazing filler metal for J3'-~'-sialon ceramic, which 
agrees with the results for the joining of hot-pressed 
Si3N 4. [10]. 

4.2. Selection of interlayer 
4.2. 1. Chemical compatibi l i ty 
Although the chemical compatibility of an interlayer 
material with an active brazing filler metal is very 
important, relatively little effort has been directed 
towards its identification. A thermodynamic predic- 
tion for the chemical compatibility is difficult, since an 
interracial reaction in a multicomponent system is 
often controlled by kinetics because of more thermo- 
dynamic degrees of freedom [23, 24]. The chem- 
ical compatibility of an interlayer material with 
Ag57Cu38Ti 5 was only evaluated by the strength data: 
a detailed analysis is not given in the present work. 

Table III shows the strength data for the sandwich 
joint ceramic/interlayer/ceramic brazing at 1123 K for 
5 min. The application of a very thin foil was to reduce 
the influence of the residual stress on the joint 
strength. Joint strength was high when using Cu or Ta 
as interlayer metals; fracture was independent on the 
interface (shown in Fig. 5a), which implies a good 
chemical compatibility of Cu or Ta with Ag57Cu3sTi s. 

Cu has no reaction with Si3N 4 ceramic, and Ta is an 
active metal for Si3N ~ ceramic based on a thermo- 
dynamic prediction [25], the reduced reaction of 
Si3N 4 ceramic by Ta 

Si3N 4 + 4Ta = 4TaN + 3Si (1) 

AG ~ = - 62.73 kJmo1-1 at 1098 K, hence Ta can 
take part in the interfacial reaction between ceramic 
and metal, and form adhesion with the ceramic, if Ta 
exists in the melt filler metal during brazing. 

On the other hand, joint strength was relatively low 
when using Kovar or Ni alloy as the interlayer metal: 
fracture occurred at the interface (Fig. 5b) which 
implies a poor chemical compatibility of Kovar or Ni 
alloy with Ag57Cu38Ti 5. In fact, Ni and Co in the alloy 
had no reaction with Si3N 4 ceramic, and thermo- 
dynamic calculations for the reactions [25] 

Si3N 4 + 4Cr = 4CrN + 3Si (2) 

Si3N 4 + 8Fe = 4Fe2N + 3Si (3) 

showed AG ~ = + 61.64 kJmo1-1 at 698 K for Reac- 
tion 2 and AG~ + 144.70kJmo1-1 at 898K for 
Reaction 3. Hence both Cr and Fe cannot react with 
the ceramic to form a strong adhesion. However, a 
strong interaction between Ti in the brazing filler 
metal and Fe, Cr or Ni can decrease the activity of Ti 
in the brazing filler metal, which would result in an 
insufficient interracial reaction between the ceramic 
and the brazing filler metal. Moreover, it was found 
that Fe exists on the interface with a very low joint 
strength of Si3N 4 ceramic to 40Cr steel, using Ti as 
interlayer, however the mechanism to affect an inter- 
facial bond is not yet clear. These results, however, 
strongly suggest that the chemical compatibility of 
interlayer material is an important factor in interlayer 
design. 

4.2.2. S o B  or hard intorlagor 
Two kinds of different interlayer materials, Cu and 
Mo, were chosen to study the effect of soft or hard 
interlayers on the joining strength of the ceramic/steel 
joint. A better strength of ceramic/steel joint was 
obtained by using a soft metal Cu as interlayer (see 
below). However, the strength of the ceramic/steel 
joint using a hard interlayer (Mo) was so low that the 
maximum strength was only 23 MPa by inserting a 
layer of 0.5 mm Mo as interlayer between the ceramic 
and the steel brazing at 1123 K for 5 min. A spontan- 
eous crack occurred in the ceramic underlying the 
interface in some joints, which resulted in an unaccept- 
able joint strength. A similar observation by Naka 
et al. [14] was consistent with this result: they found 
that there was no acceptable joining strength of Si3N 4 
ceramic to A120 3, MgO or ZrO2 ceramic brazing with 
CusoTiso, although the mismatch of thermal expan- 
sion between them is very small. According to the 
previous analysis for residual stress in a soft interlayer 
inserting into a ceramic/metal joint [15], the relaxa- 
tion of the residual stress in the joint by a creep or 
yield mechanism during slow cooling from joining 
temperature will be up to about 90% or more. How- 
ever, for a hard interlayer material, a high residual 
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T A B L E  I I I  Joint strength of [Y-~'-sialon to sialon ceramic using Ag57Cu38Ti5 brazing filler at 1123 K for 5 min with various interlayer 

metals (four-point bend test) 

Interlayer Thickness of Bond Fracture 
interlayer (mm) strength (MPa) type 

Ni alloy 0.1 177 A 
Kovar 0.1 177 A 
Cu 0.08 315 C 
Ta 0.08 305 C 

200 

g 

= 12.0 

40 
0 

I I I I I I I t I I 

0.1 0.2 
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Figure 6 Relationship between strength of sialon/steel joint and 
thickness of interlayer Cu brazing at 1123 K for 5min using 
Ag57Cu38Ti5 filler metal, h = Thickness of interlayer Cu; 
L = length of sialon ceramic/40Cr steel joint, 5 mm. 

Figure 5 Fracture position of ceramic/ceramic or ceramic/metal 
joint after four-point bending. (a) Sialon/Ta/sialon; (b) sialon/ 
Kovar/sialon and sialon/Ni alloy/Ni alloy/sialon; (c) sialon/Cu/ 
sialon. Magnification x 2. 

stress gradient would be unavoidable due to the lack 
of a stress relaxation. The very poor joint strength 
reflected this conclusion. Therefore in an interlayer 
design to improve the joint strength of ceramic to 
metal, it is more impoitant to relax the interracial 
stress by a soft interlayer with low strength than to 
avoid the stress by a hard interlayer with a low 
coefficient of thermal expansion. 

4.2.3. Interlayer thickness 
Fig. 6 shows the variation in strength of the 
ceramic/steel joints as a function of thickness of the 
interlayer metal Cu. A crack occurred in the ceramic 
near the interface and propagated away from the 
interface for all the joints (Fig. 5c). A very low strength 
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of the ceramic/steel joint, only 49 MPa, was obtained 
without using an interlayer to mitigate the residual 
stress due to a large mismatch (Am = 11.2 x 10- 6 K -  1) 
of thermal expansion between the ceramic and the 
steel. In the case of using a soft interlayer with a 
suitable thickness (h/L = 0.02-0.08), a better joint 
strength was obtained. An elastic analysis [-15] re- 
vealed a very high residual shear stress in the soft 
interlayer. The maximum residual shear stress is ap- 
proximately proportional to L/h (a ratio of length to 
thickness of the interlayer). The maximum residual 
shear stress will decrease with increasing thickness of 
the soft interlayer, which will result in an increase in 
joint strength. However, a quantitative analysis in this 
area is still lacking. On the other hand, if the interlayer 
is too thick, the distribution of the residual stress will 
be the same as that of Cu/ceramic without an inter- 
layer, resulting in a decrease in strength of the 
ceramic/steel joint because of the high coefficient of 
thermal expansion of Cu. 

4.3. Composite interlayer 
In order to improve further the strength of the 
ceramic/steel joint, a composite interlayer of Cu/Ta, 
Cu/Mo, Cu/Nb alloy, or Cu/Kovar  alloy was de- 
signed, in which one was soft metal (Cu) with a low 
strength and low modulus of elasticity, and the other 
was Ta, Me, Nb alloy or Kovar alloy, each with a low 
coefficient of thermal expansion. The results are 
shown in Table IV. A better strength of the 
ceramic/steel joint was achieved for all joints with the 
double interlayer. The strength of the ceramic/ 
steel joints is about the same level as that of the 



TABLE IV Joint strength of 13'-a'-sialon to 40Cr steel - inserted double interlayer using Ag57Cu38Ti 5 filler metal brazing at 1123 K for 
5 rain (four-point bend test) 

Ceramic First Second Steel Flexural Fracture 
interlayer interlayer strength (MPa) type 

Sialon 0.2Cu 0.2Cu 40Cr 173 B 
0.2Cu 0.2Mo 40Cr 255 B 
0.2Cu 0.1Ta 40Cr 238 B 

" 0.2Cu 0.3Kovar 40Cr 268 B 
0.2Cu 0.35Nb 40Cr 281 C 

ceramic/ceramic joint shown in Fig. 3, hence the 
interlayer design was very successful in reducing 
the stress gradient in the interfacial zone and improv- 
ing the strength of the ceramic/metal joint. 

A stress distribution in a brazed seam zone will be 
changed by inserting a hard interlayer with a coeffi- 
cient of thermal expansion lower than that of the steel. 
A preliminary analysis for the composite interlayer 
problem is shown in Fig. 7. The second interlayer, due 
to its lower coefficient of thermal expansion, will 
become a barrier layer and influence the steel bar with 
a high coefficient of thermal expansion. With the 
thicker second interlayer, a real difference of thermal 
expansion will become the difference between the 
ceramic and the second interlayer material, which is 
independent of the coefficient of thermal expansion of 
the steel. Tensile stress applied to the first interlayer as 
a reaction force by the second interlayer will mitigate 
the stress applied to the ceramic by the first interlayer, 
based on an elastic analysis for a soft interlayer in- 
serted in a ceramic/metal joint [15]. There is a transfer 
of the interracial stress from ceramic/first interlayer 
with a relatively low bond strength to second inter- 
layer/brazed metal interface with a higher bond stress. 
And the total difference of thermal expansion between 
the ceramic and the brazed steel is distributed on three 
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Figure 7 Schematic diagram illustrating stress distribution in 
an interfacial zone due to inserting a composite interlayer into a 
ceramic/metal joint. 1, First layer of interlayer -- soft metal with low 
strength and relatively high coefficient of thermal expansion; 
2, second layer of interlayer - hard metal with relatively low 
coefficient of thermal expansion. (a) Initial state at brazing temper- 
ature; (b) free shrink of each material after cooling down from 
brazing temperature without an interfacial bond; (c) stress state of 
each material in joining system for displacement continuity at 
interface; (d) stress distribution in radial along z-axis. 

different interfaces with a composite interlayer rather 
than two interfaces with single interlayer or one inter- 
face without an interlayer. Hence the stress gradient is 
effectively decreased here. A multi-interlayer such as 
Cu/Ta/Cu, Cu/Ta/Cu/Ta  etc., can also be designed to 
further improve the joint strength; however in this 
chain system the possibility of brazing defects will also 
be increased, resulting in an unstable joining. There- 
fore it would be of little value to increase the number  
of interlayers above two. 

From the above results, it is suggested that, in a 
interlayer design for joining a ceramic/metal joint, 
three important  factors should be considered: a strong 
interracial bond of the interlayer material with the 
ceramic to ensure basic joining, a layer of soft metal 
with a low strength and a suitable thickness to relax 
interfacial stress; and a suitable second layer with a 
low coefficient of thermal expansion to reduce the 
mismatch of the dissimilar materials. 

5. Conclusions 
Pressureless sintered sialon ceramics with A1N and 
Y203 as aids were joined to 40Cr steel using 
AgsvCu3sTi 5 filler metal and various interlayer 
metals. An interlayer design and test were devised 
from the basic considerations of a strong interracial 
bond and a favourable stress gradient in the 
ceramic/metal interfacial zone. 

The strong interfacial bond of the brazing filler 
metal on the sialon ceramic was obtained when braz- 
ing temperature was over 1123K, which corres- 
ponded to the formation of TizA1N, TisSi 4 and TiAg 
at the ceramic/metal interface. It is important  to main- 
tain the strong interfacial bond of the filler metal on 
the ceramic in selection of an interlayer material to 
improve the strength of the ceramic/steel joint. 
A preliminary test showed that Cu or Ta  as an 
interlayer contacting the ceramic is better for the 
ceramic and the brazing filler metal, but Kovar  or 
Ni -15Cr-15Co is poor. 

The joint strength of the sialon ceramic to 40Cr 
steel without an interlayer was very low, but could be 
improved by inserting a layer of soft interlayer Cu 
with a suitable thickness. In particular, a composite 
interlayer such as Cu/Nb alloy, Cu /Kovar  or Cu/Mo, 
etc. was designed to decrease the stress in the joint and 
improve the strength of the ceramic/steel joint. The 
design was very successful. Better strength of the 
ceramic/steel joint was achieved for all joints with a 
composite interlayer. The maximum strength of the 
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ceramic/steel joint, 280 MPa, was obtained by using 
Cu/Nb alloy as interlayer and brazing at 1153 K for 
5 min. Finally, an interfacial engineering design to 
enhance the strength of the ceramic/metal joint was 
also suggested. 
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