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Abstract: The interface behavior of brazing between Zr-Cu filler metal and SiC ceramic was investi-
gated. Based on the brazing experiment, the formation of brazing interface products was analyzed
using OM, SEM, XRD and other methods. The stable chemical potential phase diagram was estab-
lished to analyze the possible diffusion path of interface elements, and then the growth behavior of
the interface reaction layer was studied by establishing relevant models. The results show that the
interface reaction between the active element Zr and SiC ceramic is the main reason in the brazing
process the interface products are mainly ZrC and Zr2Si and the possible diffusion path of elements in
the product formation process is explained. The kinetic equation of interfacial reaction layer growth
is established, and the diffusion constant (2.1479 µm·s1/2) and activation energy (42.65 kJ·mol−1) are
obtained. The growth kinetics equation of interfacial reaction layer thickness with holding time at
different brazing temperatures is obtained.

Keywords: SiC ceramic; Zr-Cu filler metal; brazing; interfacial reaction

1. Introduction

SiC ceramic material has the advantages of high nuclear fuel consumption and difficult
to react with hot water vapor at high temperature; therefore, it is very likely to replace
zirconium alloy as the fourth generation of nuclear fuel cladding material [1]. At present,
single-phase SiC and SiCf/SiC composites with high purity, density, excellent mechanical
properties and nuclear properties are mainly prepared using chemical vapor deposition
and chemical vapor infiltration, which can basically satisfy the performance requirements
of nuclear SiC ceramic materials [2]. However, due to the inherent brittleness of SiC
ceramic materials, it is difficult to prepare long and thin (length, 3.8 m; outer diameter,
8~10 mm; wall thickness, ≤1.0 mm) SiC ceramic clad tubes with current preparation
technology. Therefore, its joining technology has become the bottleneck of nuclear reactor
application. The joining methods of SiC ceramic materials mainly include brazing [3,4],
diffusion bonding [5,6], reaction bonding [7] and ceramic precursor bonding [8]. Among
them, brazing of the SiC ceramic can obtain ideal joints at lower temperatures and shorter
times, and is the most possible joining method to realize mass production. It is widely
known that the composition and properties of filler metal are the key factors to achieve the
brazing effect of SiC ceramics. The developed filler metals mainly include Ag-based [3],
Cu-based [4], Au-based [9], Ti-based [10], Ni-based [11], Co-based solder [12], etc. In terms
of high temperature properties, the brazing joint properties of Ag-based and Cu-based filler
metals are relatively poor. The joint properties of Au-based filler metal brazing are better,
but the cost is high. A joint with the high temperature properties of Ti-based, Ni-based
and Co-based filler metals brazing are better. From the thermal neutron absorption cross
section, as one of the important indexes to measure the nuclear performance of materials,
the thermal neutron absorption cross section of Au is very large, and that of Ti, Ni and Co
is also relatively large, which will waste nuclear fuel. To sum up, the traditional brazing
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filler metal of SiC ceramic material cannot simultaneously have excellent high temperature
performance and nuclear performance, which reflects the inapplicability in the harsh
environment of a nuclear reactor.

Based on the special application environment of nuclear SiC ceramic materials and
the related properties of brazed joints, combined with the mature application of Zr alloy
as nuclear fuel rod cladding material [13], the research group innovatively proposed the
development and design of Zr-based filler metal [14–16]. This paper focuses on the brazing
mechanism of Zr-Cu filler metal and SiC ceramic, which lays a theoretical foundation
and technical guidance for the development of brazing filler metals and the research of
brazing technology.

2. Materials and Methods

Reactive bonded silicon carbide (RBSiC) was used as the brazing parent material in
the experiment, and the properties of the SiC ceramic with 20 wt.% free silicon are shown
in Table 1. As the filler metal (Zr-Cu filler metal), 80Zr−20Cu (wt.%) was used for brazing
the SiC ceramic, and the related performance is shown in Table 2. Before the brazing experi-
ment, the SiC ceramic and Zr-Cu filler metal were processed into shapes 20 × 10 × 10 mm3

and 20× 10× 0.2 mm3, and then polished with a 2000# diamond grinding disc and cleaned
with an ultrasonic wave in acetone for 30 min. A “sandwich” structure (SiC ceramic/Zr-Cu
filler metal/SiC ceramic) was formed and placed in a vacuum brazing furnace (VQS-335,
Shenyang, China). The samples were heated to brazing temperature (1200 ◦C or 1300 ◦C)
with a heating rate of 4 ◦C/min and holding time (5 min or 20 min or 60 min), and then
cooled to room temperature at the same rate. The vacuum degree in the furnace must be
guaranteed during the SiC ceramic brazing experiment.

Table 1. Properties of RBSiC ceramic [14].

Properties
Maximum

Temperature
of Application

Density Open
Porosity

Bending
Strength

Modulus of
Elasticity

Thermal
Conductivity

Coefficient of
Thermal

Expansion

RBSiC 1380 ◦C >3.02 g/cm3 <0.1% 280 MPa 300 GPa 74 W/mK 4.5 × 10−6 K−1

Table 2. The related performance of the Zr-Cu filler metal [16].

Properties Solidus Temperature Liquidus Temperature Thermal Neutron
Absorption cross Section

Coefficient of
Thermal Expansion

80Zr-20Cu (wt.%) 1023 ◦C 1056 ◦C 1.074 × 10−28 m2 7.4 × 10−6 K−1

The phases of the interfacial reaction layer and the filler metal were characterized using
XRD (XRD, Epyrean, Dordrecht, The Netherlands). Before analyzing the microstructure
of the interface reaction layer, it was necessary to use the corrosive agent (5 vol.% HF +
5 vol.% HNO3 + 90 vol.% H2O), and the microstructure of the SiC ceramic joint was
analyzed using OM (GX71, OLYMPUS, Tokyo, Japan) and scanning electron microscope
(S-4800, Hitachi, Tokyo, Japan) with EDS.

3. Results and Discussion
3.1. Formation of Interface Products and the Way of Element Diffusion

The microstructure of the SiC ceramic with brazing temperature of 1200 ◦C and
holding for 20 min is shown in Figure 1. It can be seen that the Zr-based active filler
metal can fill the gap between SiC ceramics well and realize the joining of SiC ceramics.
Figure 1b shows a certain thickness (about 2.9 µm) of interface reaction layer after corrosion,
and the interface between the Zr-Cu filler metal and the SiC ceramic has good chemical
metallurgical bonding. The results of EDS show that, in the interfacial reaction, Si atoms
diffuse to the filler metal, while the active element, Zr atoms, dissolve and diffuse to the
base metal, SiC. Of course, the C atoms of the base metal also diffuse to the filler metal.
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The active element Zr reacts with Si and C atoms that decomposed from the SiC ceramic,
and a certain thickness of interfacial reaction layer is formed with the prolongation of
holding time. The EDS of each area in the SiC ceramic brazed joint is shown in Table 3, and
the interface reaction products of the brazed joint and the XRD results of the Zr-Cu filler
metal are shown in Figure 2. It can be inferred that the phases in zone (a) are CuZr2 and
Zr, which mainly exist in the form of agglomeration in the brazed joint and are unevenly
distributed. The phase in zone (b) is Zr-Cu eutectic alloy, which is the main component
of the brazed alloy. The results show that Zr-Cu eutectic alloy is the main component of
the Zr-Cu filler metal, accompanied by a small amount of CuZr2 and Zr. The phase in
zone (c) is Zr2Si, which is mainly distributed in the reaction layer of the brazed interface
and the contact between the filler metal and the reaction layer. The phase in zone (d) is
Zr-Cu eutectic alloy, which is the main component of the brazed joint alloy and ZrC and
Zr2Si are the main components of the interface reaction layer, this is mainly based on
the thermodynamic analysis, the chemical reaction equation is as follows: The Gibbs free
energy of the reaction of SiC + 3Zr = ZrC + Zr2Si is the lowest. The Gibbs free energy of the
reaction at 1100~1300 ◦C is −328.5~−325.6 kJ/mol. Therefore, the interface products are
mainly ZrC and Zr2Si, which is consistent with the thermodynamic calculation, and ZrC is
mainly distributed in the interface reaction layer and the contact area between the reaction
layer and the SiC ceramic.
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Figure 1. Microstructure of the SiC ceramic brazing joint at 1200 ◦C and holding for 20 min: (a)
microstructure of SiC joint, (b) microstructure of interface, (c) Zr elemental line scanning across the
white line in (b), (d) Si elemental line scanning across the white line in (b).

Table 3. EDS analysis of the brazed joint at 1200 ◦C (at%).

Phase Region Zr Cu Si C Possible Phase

a 75.59 24.08 0.13 0.20 CuZr2 + Zr
b 70.48 27.94 0.50 1.08 eutectic alloy
c 63.58 9.80 19.39 7.23 Zr2Si
d 58.90 1.45 23.24 16.41 ZrC + Zr2Si
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Figure 2. XRD patterns of the interface of the Zr-Cu alloy/SiC ceramic.

At the same time, the products of the interface reaction, ZrC and Zr2Si, have good nu-
clear properties and nuclear compatibility [17,18], and their thermal expansion coefficients
are close to those of SiC. According to previous research, the thermal expansion coefficient
of filler metal is 7.4 × 10−6/K at room temperature, the thermal expansion coefficients
of Zr2Si and ZrC are 7.0 × 10−6/K and 6.6 × 10−6/K, respectively, while the thermal
expansion coefficient of SiC ceramic is 4.5 × 10−6/K. As the dependence from the center of
the brazing seam to the base metal SiC ceramics is Zr-Cu/Zr2Si/Zr2Si+ZrC/ZrC/SiC, the
thermal expansion coefficient of the material from the center of the brazing seam to the
base metal SiC ceramics forms a gradient transition and decreases in turn, then the residual
stress of the brazing joint can be effectively released or eased during the cooling process,
which can effectively improve the performance of the SiC ceramic brazing joint.

The compounds formed by the interfacial reaction between the Zr-based filler metal
and the SiC ceramic are related to the equilibrium phase diagram of the Zr-Si-C ternary
system. The results of the brazing experiments show that the interface products are mainly
ZrC and Zr2Si, and the commonly used Zr5Si3C will replace Zr5Si3Cx [19]. Therefore, the
simplified phase diagram of the Zr-Si-C ternary alloy at 1200 ◦C is obtained [20], as shown
in Figure 3, which is divided into 10 three-phase equilibrium regions for the subsequent
calculation of the chemical potential of the components in each equilibrium region.
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Figure 3. Simplified isothermal section of the Zr-Si-C ternary system at 1200 ◦C [18].

The Gibbs free energy of the existing material phase in the equilibrium phase dia-
gram of Zr-Si-C ternary system at 1200 ◦C was calculated using the interpolation method
according to the data of the practical Inorganic Thermodynamics Data Manual [21]. The
Gibbs free energy of an unknown substance is estimated by using the calculation method
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of minimum free energy principle in reference [22,23]. Compared with other calculation
methods, the calculation results of this method are more accurate and reliable. Therefore,
the standard Gibbs free energy of the Zr-Si-C ternary system at 1200 ◦C is obtained as
shown in Table 4.

Table 4. Standard Gibbs free energy of materials in Zr-Si-C system at 1200 ◦C.

Materials Zr Si C SiC ZrC ZrSi

G/kJ·mol−1 −92.13 −55.44 −26.43 −143.63 −301.48 −312.40

Materials ZrSi2 * Zr2Si Zr3Si * Zr3Si2 * Zr5Si4 * Zr5Si3C *

G/kJ·mol−1 −388.49 −446.07 −540.26 −760.09 −1386.32 −1385.81
Note: the Gibbs free energy with * is estimated using the calculation method.

In the ternary stable system, the phase chemical potentials of each member are equal
when they are in phase equilibrium. Therefore, the stable chemical potentials of the three
components in the equilibrium triangle formed in the ternary stable system of Zr-Si-C at
1200 ◦C are calculated, as shown in Table 5. A phase diagram of the chemical potential
stability of Zr, Si and C components is established when µA takes the chemical potential
of one component as the ordinate and the relative molar ratio NB/(NB + NC) of the other
two components as the abscissa, as shown in Figure 4. For convenience, T is used to
represent Zr5Si3C.

Table 5. The constituent chemical potential of Zr-Si-C system in different equilibrium area at 1200 ◦C.

No. Three Phase Equilibrium Area µZr /kJ·mol−1 µSi /kJ mol−1 µc/kJ mol−1

1© Si—SiC—ZrSi2 −237.61 −55.44 −88.19
2© ZrSi—SiC—ZrSi2 −236.31 −76.09 −67.54
3© ZrSi—SiC—ZrC −235.12 −77.28 −66.36
4© ZrSi—ZrC—Zr5Si3C −147.13 −165.27 −154.35
5© ZrSi—Zr5Si4—Zr5Si3C −136.72 −175.68 −175.17
6© Zr3Si2—Zr5Si4—Zr5Si3C −133.86 −179.26 −178.73
7© Zr3Si2—Zr2Si—Zr5Si3C −132.05 −181.97 −179.65
8© Zr2Si—ZrC—Zr5Si3C −108.94 −228.19 −192.54
9© Zr2Si—ZrC—Zr3Si −94.19 −257.69 −207.29

10© Zr—ZrC—Zr3Si −92.13 −231.87 −209.35
11© C—SiC—ZrC −275.05 −117.20 −26.43

In the process of element diffusion, the thermodynamic conditions, mass conservation
and kinetic conditions need to be satisfied. Based on the above theory, the chemical
potential of an element determines its reaction pathway. In a word, from the kinetic point
of view, the simpler the reaction path is, the faster the chemical potential gradient decreases
and the more sufficient the reaction is. The possible diffusion paths of the active element,
Zr, are shown in Figure 4a, and the possible diffusion paths are as follows:

(1) Zr—Zr3Si—Zr2Si—ZrC,
(2) Zr—Zr3Si—Zr2Si—T—ZrC.

Figure 4b shows that the possible diffusion paths of Si are as follows:

(1) Si—ZrSi2—ZrSi—Zr5Si4—Zr3Si2—Zr2Si—T—ZrC,
(2) Si—ZrSi2—ZrSi—Zr5Si4—Zr3Si2—Zr2Si—ZrC.

Figure 4c shows that the possible diffusion pathway of C is as follows:

(1) C—ZrC—T—Zr2Si,
(2) C—ZrC—Zr2Si.
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3.2. Growth Behavior of Interface Reaction Layer

The results show that the products of an interface reaction are mainly composed of
ZrC and Zr2Si at a certain brazing temperature. The thickness of the reaction layer increases
with the prolongation of the holding time. At this time, the Zr element in the filler metal
layer diffuses to the reaction layer, resulting in a decrease in its concentration, while the
SiC ceramic surface decomposes continuously and the Si and C atoms also diffuse to the
reaction layer. The Zr-Cu alloy, as the Zr-based filler metal, and the content of the Zr
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element is 80 wt.%. Therefore, the schematic diagram of the brazing joint between the
Zr-Cu filler metal and the SiC ceramic and the corresponding diagram of the change of the
Zr atom’s concentration on both sides of the reaction layer are established, as shown in
Figure 5. In this model, the diffusion rate of the Zr element in the reaction layer is the main
factor in the growth process of the interface reaction layer, and the kinetic equation of the
interface reaction layer in the brazing process is established based on the concentration of
the Zr element in the reaction layer.
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Figure 5. Schematic diagram of brazing joint between Zr-Cu filler metal and SiC ceramics and changes
in the corresponding Zr atom concentration on both sides of the reaction layer: (a) brazing joint at
the temperature of T at the beginning of the interface reaction, (b) the changes in the concentration of
the Zr atom in the (a) joint on both sides of the reaction layer, (c) brazing joints during the growth
of interfacial reactions, (d) the change of the Zr atom concentration on the two sides of the reaction
layer for the (c) joint.

The growth of the interface reaction layer with brazing time is shown in Figure 6,
which is mainly divided into the following three stages: stage a is the heating up stage,
where the interface reaction products begin to form at the brazing temperature, T0, and
then the reaction layer grows slowly with a temperature range of T0~T1; stage b is the
holding stage when the brazing temperature, T1, and the reaction layer grows rapidly;
stage c is the cooling stage (the temperature from T1 to T0), where the reaction layer grows
slowly to a stop. In the brazing process, the heating rate and cooling rate are usually
fixed and the thickness of the interface reaction layer is also determined when the brazing
temperature is T1. Therefore, the thickness of the interface reaction layer in stages a and
c is d0, which is mainly related to the brazing temperature. The thickness of the reaction
layer changes with the holding time when the brazing temperature is T1 and the thickness
of the interface reaction layer in stage b is dt. Then, the expression of the total thickness, d,
of the reaction layer is as follows:

d = d0 + dt (1)

From Fick’s second law the following can be taken:

∂C
∂t

= D
∂2C
∂2x

(2)

where D is the diffusion coefficient of elements, C represents the molar concentration of
atoms, x represents the position of interface and t is the reaction time of reaction layer
at brazing temperature. In addition, for the convenience of data processing, it is as-
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sumed that the diffusion coefficient and concentration of Zr atoms are only related to the
brazing temperature.
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The general solution is as follows:

C = a + ber f
(

x
2
√

Dt

)
(3)

where a and b are constants.
Combined with the actual concentration distribution of Zr atoms in the brazing pro-

cess, the Gauss solution error function is selected to express the accurate result. er f
(

x
2
√

Dt

)
is the Gauss error function and the function expression is as follows:

er f β =
2√
π

∫ β

0
e−β2

dβ (4)

Let C be a function of y = x√
t
to obtain the following results:

∂C
∂x

=
1√

t
·∂C

∂y
(5)

When the reaction time of the interfacial reaction layer is t, combined with Figure 4,
the change of the number of substances on both sides of the reaction layer is as follows:

(C1 − C0)
dxA
dt

=

(
−D1

dC
dx

)
x=A+

−
(
−D0

dC
dx

)
x=A−

(6)

(C3 − C2)
dxB
dt

=

(
−D2

dC
dx

)
x=B+

−
(
−D1

dC
dx

)
x=B−

(7)

where, in the formula, D0, D1. and D2 successively represent the diffusion coefficient of
the Zr atoms in the Zr-Cu filler metal, the reaction layer and the SiC ceramic material,
respectively. C0 represents the original concentration of Zr atoms in the Zr-Cu filler metal.
C1 represents the concentration of active Zr atoms at the contact of the filler metal and the
interface reaction layer. C2 represents the concentration of active Zr atoms at the contact of
the reaction layer and the SiC ceramic material. C3represents the concentration of active
Zr atoms in the SiC ceramic material. x represents the distance from Zr-Cu; xA represents
the left side of the reaction layer, where A− represents the position of the left side of the
reaction layer close to the filler metal layer and A+ represents the position of the right side
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of the reaction layer close to the filler metal layer; and xB represents the right side of the
reaction layer, where B− represents the position of the side of the reaction layer away from
the SiC ceramic and B+ represents the position of the right side of the reaction layer close
to the SiC ceramic.

According to Figure 5 and the actual situation of the brazing SiC ceramic, the diffusion
flux of Zr atoms in the reaction layer (x = A– and x = B+) is very small, approximately zero,
which can be ignored compared with the following diffusion flux in the reaction layer:(

−D0
dC
dx

)
x=A−

= 0 (8)

(
−D2

dC
dx

)
x=B+

= 0 (9)

After substituting Equation (8) into Equation (6) and Equation (9) into Equation (7),
the simplified formula is as follows:

(C1 − C0)
dxA
dt

=

(
−D1

dC
dx

)
x=A+

(10)

(C3 − C2)
dxB
dt

=

(
D1

dC
dx

)
x=B−

(11)

After substituting Equation (5) into Equations (10) and (11), the following formulas
are obtained:

(C1 − C0)
dxA
dt

= −D1√
t

(
dC
dy

)
x=A+

= −D1k1√
t

(12)

(C3 − C2)
dxB
dt

=
D1√

t

(
dC
dy

)
x=B−

=
D1k2√

t
(13)

When the brazing temperature (T) is constant, the concentration gradient of the Zr
element at the interface of both sides of the reaction layer is constant; therefore, k1 and k2
are constant. Integral Equations (12) and (13), obtain the following expressions, respectively,
when the initial condition t = 0, xA = xB:

xA =
2
√

t
C0 − C1

D1k1 (14)

xB =
2
√

t
C3 − C2

D1k2 (15)

From Equations (14) and (15), the thickness of the interfacial reaction layer dt can be
obtained when the brazing temperature is T1 and the holding time is t, and the expression
is as follows:

dt = xB − xA = 2
(

k2

C3 − C2
+

k1

C1 − C0

)
D1
√

t (16)

When the brazing temperature is constant, the diffusion coefficient D1 is a constant,
then Equation (16) can be expressed as follows:

dt = kT
√

t (17)

where t is the brazing holding time and kT is the total diffusion coefficient of the system,
kT = 2

(
k2

C3−C2
+ k1

C1−C0

)
D1.

After substituting Equation (17) into Equation (2), the total thickness of the reaction
layer in the whole brazing process is obtained as follows:

d = d0 + dt = d0 + kT
√

t (18)
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According to the Arrhenius equation, the relationship between the diffusion coefficient
of the Zr atoms in the reaction layer and the brazing temperature (T) is expressed as follows:

kT = k0exp
(
−Q
RT

)
(19)

where Q is the apparent activation energy of Zr (kJ/mol), k0 represents the parameters
related to the material, R represents the Proctor gas constant (R = 8.314 J/mol) and T
represents the absolute temperature (K).

The relationship between the total thickness of the reaction layer and the brazing
temperature and holding time was obtained; the expression is as follows:

d = d0 + k0exp
(
−Q
RT

)√
T (20)

Take logarithm on both sides of Formula (23) to obtain the following:

lnkT = lnk0 −
Q
RT

(21)

It can be seen that lnkT and 1
T are linear. As long as the diffusion coefficients kT1 and

kT2 corresponding to T1 and T2 are obtained at different brazing temperatures and Formula
(17) is substituted, k0 and Q can be obtained. The table expression is as follows:

lnk0 = lnk1 +
Q
RT

(22)

Q =
RT1T2ln

( kT1
kT2

)
T1 − T2

(23)

In order to obtain the specific expression of the interfacial reaction layer growth, it
is necessary to determine the unknowns in the expression combined with the data of the
brazing experiment. During the study of the SiC brazing process, the thickness of the
interface reaction layer was measured at 1200 ◦C and 1300 ◦C, respectively, for different
holding times. The experimental data obtained are shown in Table 6.

Table 6. Thickness of interface reaction layer under different brazing parameters (µm).

Temperature/◦C 5 min 20 min 60 min

1200 1.1 2.9 7.1
1300 1.5 3.8 9.4

By substituting the above results into Equations (20) and (21), the constant is
2.1479 µm·s1/2 and the activation energy Q is 42.65 kJ·mol−1. Therefore, the growth kinetics
equation of the thickness of the interfacial reaction layer with a holding time at different
brazing temperatures is obtained, and and the relevant parameters are shown in Table 7.

Table 7. The expression of interfacial reaction layer thickness at different brazing temperatures.

Temperature/◦C d0 (µm) KT (µm·s1/2) R2

1200 0.30352 0.066 0.99392
1300 0.42649 0.08236 0.99695

Note: R2 in the table is the coefficient of determination, indicating the degree of fitting.
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When the brazing temperature is 1200 ◦C, the growth kinetics equation of the interfa-
cial reaction layer is as follows:

d = 0.30352 + 2.1479 exp(
−42650

RT
)
√

t (24)

When the brazing temperature is 1300 ◦C, the growth kinetics equation of the interfa-
cial reaction layer is as follows:

d = 0.42649 + 2.1479exp
(
−42650

RT

)√
t (25)

It can be found from Equations (24) and (25) that the average total thickness of the
interfacial reaction layer is determined by the brazing temperature and holding time of
brazing SiC ceramic with Zr-based filler metal, and the thickness of the interfacial reaction
layer increases exponentially with the increase in the brazing temperature and holding
time. In the process of brazing, it is necessary to strictly control the thickness of the interface
reaction layer, which has a great influence on the properties of the joint. Therefore, the
brazing temperature and holding time can be deduced according to the reaction layer’s
growth kinetics equation to formulate the brazing process. At the same time, the formation
of the brazing reaction layer lays the foundation for the realization of brazing SiC ceramic,
which is an important part of the SiC ceramic brazing mechanism.

4. Conclusions

(1) In the brazing process of Zr-Cu filler metal and SiC ceramic, the main reaction is
the interface reaction of the active element Zr and the SiC ceramic and the interface
products are mainly ZrC and Zr2Si, which is consistent with the thermodynamic cal-
culation. The potential stability phase diagram of the Zr-Si-C ternary system was used
to explain the possible diffusion path of elements in the process of product formation.

(2) Based on the Fick diffusion theory, the physical model of the brazing SiC ceramic
experiment and the diffusion behavior of Zr in the interface reaction layer, the kinetics
equation of the interface reaction layer growth is established and the diffusion constant
k0 = 2.1479 µm·s1/2 and activation energy Q = 42.65 KJ·mol−1 are calculated. The
growth kinetics equation of the interfacial reaction layer thickness with holding time
under different brazing temperature is obtained as follows: brazing temperature
at 1200 ◦C: d = 0.30352 + 2.1479exp

(
−42650

RT

)√
t brazing temperature at 1300 ◦C:

d = 0.42649 + 2.1479exp
(
−42650

RT

)√
t.
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