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Preparation and properties of borate glass coatings on Ti-based alloy substrates
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Abstract: A series of BaO-La,05-B,0; (BLB) glass coats on the Ti-based alloy substrates were developed at different temperatures
for different times. The BLB glasses were analyzed by differential thermal analysis (DTA) and thermal mechanical analysis (TMA)
to determine the crystallization temperature and coefficients of thermal expansion (CETs) of the glass. The tensile strength and
microstructure of the glass coats were analyzed and the effects of the coating condition on the tensile strength and microstructure
were discussed. The results show that the CETs of the borate glass at different temperatures match with those of Ti-based alloy, and
the difference between the borate glass and Ti-based alloy at each temperature is below 5%. The spreading area in N, atmosphere is
much larger than that in air atmosphere, indicating that N, atmosphere is helpful for the wetting of borate glass to Ti-based alloy. The
tensile strength of the glass coats can reach as high as 28.42 MPa, meeting the requirements for the coat binder. With the increase of
coating time, the tensile strength of coats increases firstly while then decreases. The coat prepared at 730 ‘C for 30 min is fairly
smooth and complete, while the other coats contain lots of defects such as large or small uncoated region. It is believed that the
coating temperature of 730 ‘C and coating time of 30 min are the proper coating conditions to prepare BLB glass coats.
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material[9—10].

1 Introduction

Glasses have been most widely used to make
metal-ceramic seals because they can be modified to
have a very close match of thermal expansion with metal
materials. Except that, the glass seals show good
hermeticity along with good thermal and environmental
stability[1-5]. Owing to the inherent brittleness of the
glass seal, however, the cracks will appear in the seal
during thermal cycling or shock, leading to the
degradation of the glass-metal joints. Fortunately, there
are already some ways found to minimize this problem.

Borate glasses have the promising application for
the metal-ceramic seals for their lowing melting
temperature and high thermal expansion coefficient
matching with those of metals[6—8]. In such applications,
it is found that the glass does not bond directly to the
metal, but to an oxide that is conventionally formed by a
thermal treatment on the metal prior to bonding. The
resulting oxide acts as a bonding agent in that it is
bonded to the underlying metal and the glass

For the same sealing purpose, the glasses in
Ba0-La,03-B,0; system (BLB glass), which possess the
obvious advantages such as good high-temperature
performance and good water durability, were explored
for many years[11—12]. In this study, the characteristics
of the BLB glass were determined and the BLB coats
were prepared under different coating conditions. The
effects of coating conditions on the mechanical
properties of the coats were investigated.

2 Experimental

2.1 Preparation of coating

The BLB glasses were prepared through melting-
quenching method according to the batch formula listed
in Table 1. The obtained glasses were crushed into
powder and put into the mould in furnace to prepare the
coat on Ti-based alloy plate. After coating, turn off the
power and leave the coated plates in the furnace to cool
down. All the coats were annealed at 560 °‘C for 10 h.
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Table 1 Composition and appearance of BLB glass

Compound x/% Appearance
B,0, 63.3
BaO 20.7
La,05 5.0 Faint yellow,
AlLO, 5.0 transparent
Na,CO; 3.0
Li,COs 3.0

2.2 Properties measurements

The characteristic temperatures of the as-obtained
glass were determined by differential thermal analysis
(DTA) at a heating rate of 10 ‘C/min. The coefficient of
thermal expand (CTE) of the glass at different
temperatures were determined by thermal mechanical
analysis (TMA).

The tensile strength of the coats was determined
through the tensile experiment conducted using a 0.1 MN
electrical pulling machine at speed of Imm/min. The
tensile strength was calculated from the measured load F
measured for the tensile fracture using the equation as

F
O'b :E

where o, is the tensile strength of coat, F is the
maximum load when the coat is broken, and S is the
fracture surface area.

The microstructures of the fracture for different
coats were observed by scanning electron microscopy

(SEM).
3 Results

3.1 Properties of BaO-La,0;-B,0; glasses

Differential thermal analysis (DTA) was conducted
to determine several characteristic temperatures of the
borate glass in BaO-La,03-B,0; system. Fig.1 shows the
DTA curve and the characteristic temperature determined
from the DTA curve of the borate glass at heating rate of
10 ‘C/min. The glass transition temperature (Z,), the onset
temperature of crystallization, and the peak temperature
of crystallization are 556, 794 and 839 C, respectively.

The CTE (coefficient of thermal expansion) of the
borated glass were measured by TMA and listed in Table
2 together with those of Ti-based alloy at the
corresponding temperature. The CTE of the borate glass
at 100 ‘C is about 8.00x10° ‘C™'. With the increase of
temperature, the CTE of the glass increases slowly and
reaches 9.8x10°° ‘C™' when the temperature is around
600 C.

Also, it is found that the difference between borate
glass and Ti-based alloy at each temperature is below 5%,
indicating that the CTEs of the borate glass match with
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Fig.1 DTA curve and characteristic temperature determined for
borate glass at heating rate of 10 ‘C/min

Table 2 CETs of borate glass and Ti-based alloy at different
temperatures (10 °C™")

Temperature/'C Ti-based alloy Borate glass
100 8.00 7.55
200 8.60 8.26
300 9.10 9.14
400 9.25 11.5
500 9.40 11.6
600 9.80

those of Ti-based alloy at the corresponding temperature.

The wet abilities of the borate glass to the Ti-based
alloy substrate in different atmospheres including air and
N, were studied by comparing the spreading areas of the
glass on the substrate at high temperature measured
through wetting experiment. Fig.2 shows the spreading
areas of the borate glass to the Ti-based alloy in
air atmosphere and N, atmosphere, respectively. The
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Fig.2 Spreading area of borate glass on Ti-based alloy at
730 ‘C in air and N, atmosphere
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spreading area in N, atmosphere is much larger than that
in air atmosphere, indicating that N, atmosphere is
helpful for the wetting of borate glass to Ti-based alloy.

3.2 Ba0O-La,0;-B,0; coats on Ti-based alloy substrate

Three temperatures (680 ‘C, 730 ‘C, and 780 C)
were selected in this study for the coating according to
the thermal analysis results. For one certain coating
temperature, the coating times of different coats are 15,
30 and 45 min, respectively. Table 2 lists the tensile
strength of different coats at different temperatures for
different times. It is clear that the tensile strengths of all
the coats are much higher that the value of the
requirement for the tensile strength of the coat, 10 MPa.
It is shown that the tensile strengths of the coats prepared
at 680 C and 780 ‘C are much lower than those coated at
730 °C, which are above 20 MPa no matter the coating
time is long or not. We know that the viscosity of soften
glass at low coating temperature is high, resulting in the
low surface tension and large wetting angle of glass to
Ti-based alloy substrate. Therefore the wettability of the
glass to substrate, and the bonding of the glass and
substrate are weak. With the increase of coating
temperature, the fluidity of the soften glass is improved
and the wetting angle become small, leading to the
improvement of the wettability of glass to substrate and
strengthening of the bonding between glass and
substrate.

The tensile strength of the glass coat prepared at
780 C is much lower than that at 730 C, the reason may

be that the 780 ‘C is too close to the onset temperature of
crystallization, resulting in that the coats partly
crystallized and then the tensile strength of glass coat is
lowered.

It can be found from Table 3 that the tensile
strengths of the coats for 30 min are much higher than
those for 15 min or 45 min no matter the coating
temperature is high or not. The coat prepared at 730 C
for 30 min possesses the highest tensile strength,
indicating that the coating temperature of 730 C and
coating time of 30 min are the proper conditions to
prepare the BLB coats on the Ti-based alloy substrate.

Table 3 Tensile strengths of different coats prepared under
different conditions

Coat Coating Coating Tensile
temperature/ C time/min strength/MPa
Al 15 15.17
A2 680 30 22.28
A3 45 10.88
Bl 15 12.59
B2 730 30 28.42
B3 45 11.38
C1 15 7.01
C2 780 30 22.34
C3 45 9.41

Fig.3 shows the micrographs of the fracture of coats
from different coating temperature for different time. It is

Fig.3 Micrographs of coats prepared at different temperatures for different time: (a) 680 ‘C for 30 min; (b) 730 ‘C for 30 min;

(c) 780 C for 30 min; (d) 730 C for 45 min
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clear that the coat prepared at 730 ‘C for 30 min is fairly
smooth and complete, while the other coats contain lots
of defects such as large or small uncoated regions. It is
also evident that the the coating temperature of 730 ‘C
and coating time of 30 min are the proper coating
conditions for the BLB glass.

4 Conclusions

1) The CETs of the borate glass at different
temperatures match with those of Ti-based alloy very
well. The spreading area in N, atmosphere is much larger
than that in air atmosphere, indicating that N,
atmosphere is helpful for the wetting of borate glass to
Ti-based alloy.

2) The tensile strength of the glass coats can reach
as high as 28.42 MPa, meeting the requirements for the
coat binder.

3) With the increase of the coating time, the tensile
strengths of coats increase firstly, then decrease.

4) The coat prepared at 730 ‘C for 30 min is fairly
smooth and complete, while the coats prepared under
other condition contain lots of defects. The coating
temperature of 730 ‘C and coating time of 30 min are
believed to be the proper coating conditions for the
preparation of BLB glass coats.
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