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A process model for active brazing of ceramics 
Part l Growth of reaction layers 
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In the present investigation process modelling techniques have been applied to describe 
reaction layer growth during active brazing of ceramics. As a starting point, the classical 
solution for parabolic growth of transformation products is considered. Specific 
computational features are then explicitly built into the model to allow for transient effects 
during heating and cooling as well as changes in the growth kinetics due to depletion of 
the active element during brazing. This approach gives considerable scope for 
optimization of both process and joint properties through adjustment of the filler metal 
composition and the temperature-time programme under which brazing takes place. The 
aptness of the process model is illustrated in an accompanying paper (Part II). 
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universal gag constant (8.314 J mole-  1 
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limits of integration (s) 
isothermal hold time (s) 
time increment used in the numerical 
integration procedure (s) 
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thickness of reaction layer (m) 
contribution of the cooling leg of the 
brazing cycle to the total reaction layer 
thickness (m) 
contribution of the heating leg of the 
brazing cycle to the total reaction layer 
thickness (m) 
contribution of the isothermal hold period 
to the total reaction layer thickness (m) 
limiting thickness of reaction layer, 
C~B~ (m) 
increase in reaction layer thickness due 
to a small time increment Ati (m) 
molar partitioning factors 
molar stoichiometric factors 
molar volume of reaction product, CvB~ 
(m 3 mole-  1) 
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1. Introduction 
The brazing of ceramics is normally performed with 
the use of active filler metals in order to promote 
wetting and subsequent bonding of the materials [1]. 
The expression "active brazing" refers to a situation 
where strong oxide and nitride formers such as tita- 
nium or zirconium are added to the filler metal. Their 
role is mainly to facilitate the formation of a reaction 
layer at the boundary between the braze metal and the 
ceramic, which, in turn, can help to ensure intimate 
interfacial contact and hence a high bond strength 
[2-5]. 

There is considerable circumstantial evidence avail- 
able in the scientific literature that the mechanical 
integrity of brazed ceramic-ceramic joints is strongly 
affected by the type and thickness of the reaction layer 
formed during brazing 1-4, 5]. For example, it has been 
shown that, in A1203-A1203 components joined with 
Ag-Cu-Ti filler metals, a reaction layer thickness of 
about 2 gm is required to achieve an optimum shear 
strength I-6]. At larger layer thicknesses the bond 
strength tends to decrease, probably because the reac- 
tion product itself provides a preferred site for crack- 
ing, both in-plane and through-thickness relative to 
the layer. The bonding mechanism appears thus to be 
analogous to that documented for metal matrix com- 
posites, where the presence of a thin (crack-free) reac- 
tion layer adjacent to the reinforcement is often seen 
to improve the subsequent strength of the component. 
This improvement is due to the combined effect of 
a high frictional sliding resistance and an increased 
elastic modulus of the interface [7]. 

In practice, the extent of chemical reaction occur- 
ring between the braze metal and the parent ceramic 
material depends on the interplay between a number 
of variables which cannot readily be accounted for in 
a simple mathematical simulation of the process (e.g., 
thermodynamics and phase relations, element diffus- 
ivity, and the temperature time programme) [8]. In 
the latter case the heating and cooling legs of the 
brazing cycle will also be of importance, since opti- 
mum joint properties suggest that the width of the 
reaction layer should be restricted to only a few mi- 
crometres. The inherent non-isothermal nature of the 
brazing process has previously been disregarded in the 
scientific literature, but the implications for reaction 
layer growth can be readily documented by means of 
process modelling techniques. By this we mean a sim- 
plified analytical treatment, based on the classical 
solution for parabolic growth of transformation 
products, using a personal computer. Although 
the present analysis does not offer a full physical 
record of the reaction mechanisms involved, it 
may provide the reader with valuable insights into 
the behaviour of ceramics during active brazing 
and can serve as a means to assemble information 
about the process. In addition, it may also shed new 
light upon reaction layer growth in general during 
thermal processing of composites, and fit some of the 
apparently conflicting results into a more consistent 
picture. 

Application of the process model for the optimiza- 
tion of brazing conditions and joint properties for 
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specific ceramic metal combinations is described in 
an accompanying paper (Part II I-9]). 

2. The s c o p e  of this  work  
Whereas diffusion in binary systems can be subjected 
to an exact analytical treatment [10, 11], diffusion in 
multicomponent systems cannot be treated with the 
same degree of mathematical precision because of the 
complexity of the rate phenomena involved [8, 12, 13]. 
Additional problems result from the lack of adequate 
thermodynamic data, and the fact that some of the 
constituent elements may diffuse up their own concen- 
tration gradient as opposed to the binary case where 
the concentration and activity gradients usually have 
the same direction (an exception is a binary system 
with a solid miscibility gap) [8]. In order to proceed, it 
is therefore necessary to make a clear statement of the 
modelling objectives and the underlying assumptions 
on which the model is based. In the last resort, the 
justification relies on a good agreement between the- 
ory and experiments. 

2.1. Model inputs 
A generic ternary phase diagram provides a good 
starting point for assessment of phase relations 
during the brazing of ceramics with active filler 
metals. This, coupled with knowledge of the diffusion 
path, makes it possible to estimate the composition 
of the reaction layer, as shown schematically in 
Fig. l(a and b). Unfortunately, data for diffusion 
coefficients in multicomponent systems are scarce 
and rather unreliable, which implies that the diffusion 
path, in practice, cannot be predicted from first 
principles [8]. Hence, detailed information about 
constituent phases and parabolic growth rate con- 
stants must be obtained from dedicated experiments. 
In practice, this means that the unknown kinetic 
constants are determined by fitting the integrals at 
fixed points to data for the reaction layer thickness. 
There are well accepted precedents for this in the 
scientific literature as an alternative to physical 
modelling [14]. 

C C 

A T BC A ~ T BC 

(a) (b) 

Figure ] Ternary diffusion couple, A-BC, with different diffusion 
paths and reaction layers (schematic); (a) one layer (T), and (b) two 
layers (T + AB). 



2.2. Model outputs 
Since the problem of interest is reaction layer growth 
during active brazing, the constitutive evolution equa- 
tion must be written in a differential form in order to 
incorporate the effect of the main process variables on 
the reaction kinetics. In particular, attempts will be 
made to illustrate the important difference between 
a finite and an infinite diffusion couple (finite in the 
sense that the supply of the reactive element is re- 
stricted), and document the individual contributions 
from the heating leg, the isothermal hold period, and 
the cooling leg of the brazing cycle on the total layer 
growth. This approach gives considerable scope for 
optimization of both process and joint properties 
through adjustment of the filler metal composition 
and the temperature-time programme under which 
brazing takes place. 

3. Mathematical modelling 
Diffusion in nonmetals such as ceramics, is very com- 
plex, and involves transport of both cations, anions 
and vacancies in a manner that enforces local equilib- 
rium and charge neutrality within the crystal [15]. In 
the following, a simple physical framework for model- 
ling reaction layer growth is presented, based on the 
assumption that the kinetics are controlled by trans- 
port of specific constituent elements through the prod- 
uct layers via a coupled cation or anion vacancy 
diffusion mechanism. This implies that there is no 
interaction between the transferring elements and the 
surroundings, and that the driving force for the reac- 
tion is provided by the concentration gradient rather 
than the activity (i.e., the chemical potential) gradient 
across the reaction zone. The conditions described 
above conform to bulk diffusion in a diluted ion 
matrix, and provide a means of modelling reaction 
layer growth during active brazing of ceramics. 

CvB ~ and B-ions in A, respectively. In the former case 
the A/CrB ~ interface becomes essentially flat, as in- 
dicated in Fig. 2(b). This is because the flux of C-ions 
arriving at position I exceeds that at position II in Fig. 
2(a), which means that possible interface perturbations 
tend to be unstable [8]. The situation is different when 
the reaction is controlled by diffusion of B-ions 
through the metal layer A. Under such conditions the 
growth kinetics will favour the formation of a wavy 
interface [8], leading to the aggregated morphology 
shown in Fig. 2(c). 

In practice, full partioning of the phases, according 
to the scheme outlined in Fig. 2(a-c) refers to equilib- 
rium conditions following prolonged high temper- 
ature annealing. In brazing, where transient effects are 
more predominant, it is often a reasonable approxi- 
mation to assume that the displacement reaction is 
completely dominated by a single diffusion mecha- 
nism. When the rate controlling step is diffusion of 
C-ions in the product layer, the reaction will occur at 
the CvB~/A~B ~ interface. Depending on the circum- 
stances, the secondary reaction product A is either 
trapped in the primary phase or transported to the 
braze metal zone by diffusion (see Fig. 3(a)). Similarly, 
the assumption of highly mobile B-ions implies that 
the reaction takes place at the CvBs/braze metal inter- 
face, as shown in Fig. 3(b). In both cases the secondary 
reaction product A may combine with the reactive 
element C to form an intermetallic compound C~A n, 
according to the overall reaction: 

ylA~B~ + C = y2C~B~ + y3C~A n (2) 

where y3 is the corresponding molar partitioning frac- 
tion of the C~A n phase. Conservation of matter in 
Equation 2 requires, in turn, that yl, Y2 and Y3 are 
related to ~, [3, 7, 8, ~ and 11 as: 

1 13 
Yl (137/8 + O~g/n ), Y2 ~ Yl, Y3 rl Yl (3) 

3.1. D i s p l a c e m e n t  r eac t ions  
In active brazing the occurrence of displacement reac- 
tions between the braze metal and the ceramic is an 
important consideration, and this has been exploited 
by several investigators in the past to model reaction 
layer growth in solid state diffusion couples [11, 
16, 17]. Consider the following simple displacement 
reaction involving the reactive element C, the ceramic 
component A~B~, and the reaction products CvB ~ and 
A with no mutual solubility between the phases: 

ylA~BI3 + C = y2C~Ba + y ~ A  (1) 

where :~, 13, 7 and 8 are the pertinent molar 
stoichiometric factors, and Yl and Y2 are the molar 
partitioning fractions of A~Br and CvBs, respectively. 

Provided that the Gibbs free energy change per 
mole of the diffusate is negative, the reaction will 
proceed at a rate which is determined by transport of 
the reactants through the product layers. Fig. 2(a-c) 
shows schematic illustrations of the resulting product 
morphologies for the two extreme cases where the 
growth kinetics are controlled by diffusion of C-ions in 

c 

(a) 

A~ 

c 

c_. 

~ A A,B~ 

(b) 

A ~ BI~ 

(c) 

Figure 2 Schematic illustrations of some possible product mor- 
phologies according to reaction (1); (a) initial perturbed CvBdA 
interface, (b) layered arrangement due to rapid diffusion of C-ions 
in C.Ba, (c) aggregated arrangement due to rapid diffusion of B-ions 
in metal layer A. The diagrams are based on the ideas of van Loo 
[8]. 
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Figure 3 Simplified model systems for reaction layer growth during 
active brazing of ceramics; (a) highly mobile C-ions, (b) highly 
mobile B-ions. 

In the following, the kinetics of reaction layer 
growth during active brazing of ceramics will be 
discussed in the light of these two diffusion mecha- 
nisms. 

3.2. Finite diffusion couple analogue 
Based on Fick's first law, it is possible to obtain a 
simple expression for the molar flux of C(Jc) passing 
through the reaction zone per unit area and time for 
the diffusion couple considered in Fig. 4(a): 

~Cc 
Jc = - D c - -  (4) 

~X 

Here Dc is the intrinsic diffusivity of C in CvBs, 
and Cc is the molar concentration of element C at 
a given position within the reaction layer (in 
mole m -  3). 

It follows from Equation 2 that for each mole of 
C transported through the layer, Y2 moles of C~r will 
form. Hence, the CrB~/A=B ~ interface will advance 
relatively to the CvB~/filler metal interface by a rate 
defined as: 

dX �9 
- -  y z ~ O  c - -  (5) 

dt ~X 

where f~ is the molar volume of the C~B~ phase (in 
m3mole-1).  

Equation 5 may be further simplified if the concen- 
tration gradient within the C~B8 phase is approxi- 
mated by that of a straight line extending from C~ (1) 
to C~ (2) (see Fig. 4(a)). Taking Q,pp equal to the 

6 2 1 8  
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metal zone 
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(1) 

Braze Reaction Ceramic 
metal zone 

(b) 

Figure 4 Sketch of diffusion couples and resulting concentration 
profiles across the reaction zone for different operating conditions; 
(a) finite diffusion couple analogue, (b) infinite diffusion couple 
analogue. 

apparent activation energy for diffusion of C in CvB~ 
and C~ (1) >> C~ (2), we obtain: 

dX ( Qapp~ C~(1) 
dt ~ Y2f~D~ exp - ~ - j  X (6) 

Provided that Equation 6 contains separable variables 
of X and T, it may be integrated as follows: 

~ )  (7) 

where the limits tl and t 2 refer to the total time spent 
in the thermal cycle from the chosen reference temper- 
ature Tc to the isothermal hold temperature Ti and 
down again to Tc. 

Based on chemical thermodynamics, it can be ar- 
gued that the interface concentration C~(1) will differ 
from the bulk concentration C b only by a propor- 
tionality constant, m. By introducing the parabolic 
growth rate constant k v = ko exp( - Q.app/RT) for the 
reaction, we see that ko is of the form: 

ko(m2s - 1) = 2yzf~DoC~c(1) = 2y2f2DomC b (8) 

from which 

Since ko depends on C b, the rate constant will grad- 
ually decrease as the reactive element C is consumed 
during the brazing cycle. This means that Equation 
6 is not separable under the prevailing conditions. 
Based on a simple mass balance, it is possible to define 
an upper limit for the thickness of the reaction layer, 
conforming to the situation where all C is tied up as 
CrB~ (and C~&I). Let L denote the half width of the 
braze metal zone, and C ~ the initial content of C in the 
alloy. Then the limiting thickness of the CvB~ layer, 
Xlim, is given as: 

X l i  m ~ -  y2Lf2C ~ (10) 

Similarly, for a layer thickness X < Xllm, we may 
write: 

X = y2Lf2(C ~ - C b) (11) 



where C b is the instantaneous concentration of ele- 
ment C. From Equations 8, 10 and 11 we see that 
k0 scales with X and Xiim as: 

kO = ] ~  S l i  m - -  X (12) 
S l i m  

where k* is the corresponding rate constant for the 
infinite diffusion couple analogue (assuming abundant 
supply of reactive element, i.e., C~ = Cc~ 

Because ko depends on X, the solution of the differ- 
ential evolution equation requires stepwise integration 
in temperature-time space over the predetermined 
thermal cycle, using an appropriate numerical integra- 
tion procedure. The following algorithms are defined 
for this purpose, based on Equations 9 and 12: 

(kXi2) = k * ~ e x p \ - ~ i j A t  i (13) 
i = 1  i = 1  

and 

i=1 (14) 
x = L (Ax ) 

i = l  

Equations 13 and 14 provide a basis for predicting the 
evolution of the reaction layer during active brazing of 
ceramics for a wide range of operational conditions, 
provided that the process is controlled by diffusion of 
the reactive component C within the CrB~ phase. 

3.3. Infinite diffusion couple analogue 
In this case the situation is slightly different. Referring 
to Fig. 4(b), the assumption of an infinite diffusion 
couple (i.e., highly mobile B-ions) implies that the 
molar flux Ju passing through the reaction zone per 
unit area and time is given as: 

eCB 
J B =  - - D B - -  (15) 

eX 

where DB is the intrinsic diffusivity of B in CrBa, and 
CB is the molar concentration of element B in an 
arbitrary position within the reaction layer. Under 
such conditions, the braze metal/CrB ~ interface will 
advance at a rate defined by: 

dX ~ C  B (16) 
dt - y2F2DB �9 

If we, as in the previous case, assume a linear concen- 
tration gradient across the reaction zone, take 
Q~pp equal to the apparent activation energy for diffu- 

i sion of B in C~B8 and C~(1) > CB(2), Equation (16) 
reduces to a first order separable differential equation: 

dX ( Q * p p )  C~(1) (17) 
dt- ~ y2nO~ exp - - ~ - ]  X 

which after integration and substitution yields: 

X 2 �9 i - -  = , 2y2~Do CB(1) exp ~-~-/  

~ - j  dt (18) 
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Figure 5 The difference between an infinite and a finite diffusion 
couple analogue according to Equation 18 and Equations 13 and 
14, respectively (schematic). 

Since the rate constant k* does not depend on C~, the 
right-hand side of Equation (18) represents the "ki- 
netic" strength of the brazing cycle with respect to 
reaction layer growth. This integral can readily be 
evaluated by means of numerical methods when the 
thermal programme is known. Equation 08) differs 
from Equations 13 and 14 in that the reaction layer 
thickness in the former relation is not contingent upon 
the supply of reactive element C as long as X <XUm. 
In practice, this means that the growth process sud- 
denly stops when X = X~im, while the assumption of 
a finite diffusion couple (i.e., highly mobile C-ions) 
implies that Xlim is approached in an asymptotic man- 
ner, as illustrated schematically in Fig. 5. 

4. Comparison with experiments 
In the following, the models will be tested against 
experimental data obtained from various sources. Re- 
ferring to Fig. 6 the method adopted here is based on 
the idea of integrating the differential evolution equa- 
tions over the brazing cycle where the unknown ki- 
netic constants (here k~, Qapp or Qapp) are determined 
by fitting the integrals at certain fixed points to data 
for the reaction layer thickness. These represent a wide 
spectrum of ceramic-metal combinations and provide 
a means of checking the validity of the models under 
different brazing conditions. 

4.1. Brazing of AI203 with Cu-Ti and 
Cu-Zr filler metals 

The A1203/Cu-Ti system and the corresponding 
A1203/Cu-Zr system have been previously examined 
by Bang et al. [18]. Here bonding is achieved by 
reduction of A1203 according to the overall displace- 
ment reactions: 

and 

3Ti + AlzO3 = 3TiO + 2A1 (19) 

3Zr + 2A1203 = 3ZrO2 + 4AI (20) 
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Figure 6 Schematic diagrams defining the kinetic strength of a braz- 
ing cycle with respect to reaction layer growth. The parameters 
Xh, Xi and Xo refer to the individual contributions of the heating 
leg, the isothermal hold period and the cooling leg of the brazing 
cycle to the total layer thickness, respectively. 

In both cases the growth process is believed to be 
controlled by diffusion of oxygen ions through the 
reaction layer [18], which suggests that the systems 
can be treated as infinite diffusion couple analogues. 
Fig. 7(a and b) show a comparison between predic- 
tions and measurements, using the input data listed in 
Table I. A closer inspection of the graphs reveals that 
the overall agreement is satisfactory in the sense that 
the data points are well represented by the model 
predictions. Moreover, it is interesting to note that the 
relationship between the layer thickness, X, and the 
square root of the isothermal hold time, q, appears to 
be nonlinear rather than linear during the early stages 
of the growth process. This is due to the contributions 
of the heating and cooling leg of the brazing cycle to 
the total layer thickness (Xh and Xc, respectively), 
which according to Fig. 6 amounts to: 

X = (X 2 Jr- X 2 4- Xi2) t/2 -~ ( X  2 4- X 2 + kpti)  t/2 

(21) 
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Figure 7 Comparison between measured and predicted reaction 
layer thicknesses during brazing of AI20~ with Cu-Ti and Cu Zr 
filler metals; (a) A1203/Cu-Ti system at (Q) 1373 and (�9 1323 K, 
(b) A1203/Cu~r system at (0) 1373 K and (O) 1323 K. Input data 
from Bang et al. El8] and Table I. 

It follows from Equation (21) that a linear relationship 
between X and t~/2 is only to be expected when the 
product kpq >> X 2 + X 2. This important point has 
previously been overlooked in the scientific literature. 

4.2. Brazing of Si3N4with different Cu-based 
f i l ler  me ta l s  

Bonding of Si3N 4 to refractory metals such as W, Mo 
and Ta with Cu-based braze alloys has been investi- 
gated by Nakao et al. [-19]. During brazing a wide 
range of reaction products can form at the ce- 
ramic/braze alloy interface, depending on the type of 
active element present in the filler metal (e.g., Nb, Ti or 
Zr). 

TABLE I Input data used in modelling of reaction layer growth for the A1203/C u 20 wt % Ti and the A1203/Cu-5 wt% Zr system, 
respectively 

System Heating rate Cooling rate k* Q*p X l i  m T c 

(~ s - 1) (~ s - 1) (Itm 2 S 1) (kJ mole- 1) (~tm) (~ 

AlzO3/Cu-Ti 1.2 0.2 1.6 x 10 s 208 33 915 
AI203/Cn-Zr 1.2 0.2 0.29 x 10 s 156 15 1000 
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4.2 .  1. C u - N b  f i l l e r  m e t a l s  
In this case the consumption of the active component 
can be described by the following displacement reac- 
tion [19]: 

Si3N4 + 13Nb = 4NbN + 3Nb3Si (22) 

Since niobium combines with both silicon and nitro- 
gen, the braze metal becomes rapidly depleted with 
respect to the reactive element. In practice, this is seen 
as a deviation from the parabolic growth law at long 
holding times [19], which suggests that the system can 
be treated as a finite diffusion couple analogue. 
Fig. 8(a) shows a comparison between measured 
and predicted reaction layer thickness, using input 
data from Table II. It is evident from these plots 
that the observed stagnation in the reaction layer 
growth is adequately accounted for in the model 
predictions. At the highest brazing temperature the 
limiting layer thickness of about 4.2 lain is approached 
after a holding time of about 900 s, while at lower 
temperatures longer holding times are needed to 
compensate for the associated reduction in element 
diffusivity. Although the present analysis does 
not offer a full physical record of the reaction 
mechanisms involved, it captures the essential features 
of the diffusion process by relating reaction layer 
growth to the content of the active element in the 
braze metal. 

4.2.2. Cu 77 f i l ler  meta ls  
The Si3N4/Cu-Ti system provides another case of 
application of the process model. Under the prevailing 
conditions, titanium reacts with both nitrogen and 
silicon to form TiN and TisSi3, according to the 
overall displacement reaction [19]: 

Si3N 4 + 9Ti = 4TiN + Ti~Si3 (23) 

Because of the abundant supply of titanium, the sys- 
tem can be treated as an infinite diffusion couple 
analogue where the lack of layer growth during the 
early stages of the process is accounted for by intro- 
ducing an empirical incubation time to in the evolu- 
tion equation. The results from the model predictions 
are shown in Fig. 8(b), using input data from Table II. 
As seen from the figure, the use of an incubation time 
improves the confidence in the model predictions, 
although to, in the present case, has no direct physical 
meaning in the sense that it can be correlated to 
a specific diffusion blocking mechanism. 
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Figure 8 Comparison between measured and predicted reaction 
layer thicknesses during brazing of Si3N4 with Cu-based filler met- 
als: (a) Si3N4/Cu-Nb system at (0) 1523 K, (O) 1548 K and (11) 
1573 K; (b) Si~N4/Cu Ti system at (0) 1348 K, (O) 1373 K and (11) 
1398 K and (c) Si3Ng/Cu-Zr system at (0) 1398 K, (O) 1423 K and 
(11) 1448 K. Input data from Nakao et al. [19] and Table II. 

T A B L E  II Input data used in modelling of reaction layer growth for the Si3N4/Cu-1 wt % Nb, the Si3N4/Cu 5 wt % Ti and the 
Si3N4/Cu l0 wt 0/~ Zr system, respectively 

System Heating rate Cooling rate k* t o Qa*pp Xli m T c 
(~ s - 1)(,) (~ s - 1 )(a) (gin a s - 1) (s) (kJ mole -  i) (~tm) (~ 

Si3N4/Cu Nb 1.5 1 7.2 • 1016 140 536 4.2 1167 
S i 3 N j C u - T i  1.5 1 1.3 • 10 TM 130 405 24 1030 
Si3N4/Cu Zr 1.5 1 2.2 x 101"* 18 000 463 22 1000 

(a)Estimated. 
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4.2.3. Cu-Zr filler metals 
As a last example, we shall consider the Si3N4/Cu-Zr 
system, which may be treated as an infinite diffusion 
couple analogue with a sharp cut-off in the growth 
kinetics at X = X l i  m. In this case the overall displace- 
ment reaction can be written as [-19]: 

Si3N4 + 9Zr = 4ZrN + ZrsSi3 (24) 

Once again, the lack of growth during the initial stages 
of the diffusion process is accounted for by the use of 
an empirical incubation time to in the model predic- 
tions. It follows from Fig. 8(c) that the combination of 
parameters listed in Table II provides an adequate 
description of the experimental data both at high and 
low brazing temperatures. In particular, the abrupt 
change in the growth kinetics at X = Xlim is obvious 
from these data. 

5. Conclusions 
In the present investigation, a process model has been 
developed which describes reaction layer growth dur- 
ing active brazing of ceramics. By solving the differen- 
tial evolution equation for fixed starting conditions, 
the layer thickness can be calculated as a function of 
time and temperature when the following input data 
are available: 

(i) Information about phase relations in the form 
of a stoichiometrically balanced displacement reac- 
tion. 

(ii) Knowledge of the overall (rate controlling) dif- 
fusion mechanism and the temperature dependence of 
the parabolic growth rate constant for the infinite 
diffusion couple analogue. 

(iii) Information about the initial content (mass) of 
reactive element in the braze metal. 

(iv) Knowledge of the temperature-time pattern 
during brazing (including the transient heating and 
cooling period). 

It is shown that extensive reaction layer growth 
may occur during the transient heating and cooling 
period. Moreover, depletion of the active element in 
the braze metal can give rise to a change in the growth 
kinetics, which is either abrupt or continuous, depend- 
ing on the diffusion mechanism. Both factors contri- 
bute to a deviation from the parabolic growth law. 
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