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Effects of Holding Temperatures on Microstructure and Mechanical
Properties of CP Titanium and Ti-6Al-4V Alloy and
its Low Temperature Brazing Characteristics
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Abstract Titanium and its alloys were brazed in the range of 850-950°C within 10 min. of brazing time using
expensive infra red or other heating methods. However, brazing time needs to be extended to get temperature-
uniformity for mass production by using continuous belt type furnace or high vacuum furnace with low heating
rate. This study examined effects of holding temperature for 60 min. an microstructure and mechanical properties
of titanium alloys. Mechanical properties of titanium alloys were drastically deteriorated with increasing holding
temperature followed by grain growth. Maximum holding temperatures for CP (commercial pure) titanium and Ti-
BAl-4V were confirmed as 800°C and 850°C, respectively. Both titanium afloys were successfully brazed at 800°C
for 60 min. with the level of base metal strengths by using Zr based filler metal, Zrg,Ti,)Ni;sCug.
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Fig. 1. Schematic diagram of thermal cycle for the heat
treatment of the base metal.
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Fig. 2. Dimension and shape of a specimen for tensile
test; (a) dimension, (b) after heat treatment and (c) after
machining.
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Table 1. Mechanical properties of the base metal.

(* Nihon Diado Steel)
Allovs Chemical contents (wt%) B-transus Yield Strength UTS
y Ti | Al | V| Fe | C 0 | temperature (°C) (MPa) (MPa)
CP-Ti (Grade2) bal. - - 03 | 004 ]| 0.2 900 367 438
Ti-6A1-4V bal. 5.9 41 025 ) 0.08 | 0.2 997 953 1007
Table 2. Chemical compositions of the Zr,Ti,,Ni,;Cu, metallic glass ribbons
All Chemical contents (at%) Melting temperature (°C)
0
4 Zr Ti Ni Cu Solidus Liquidus
53.1 23.0 15.8 8.1
Zr, Ti,,Ni; Cu 774 783
e 52.9 23.1 15.8 8.2
. 53.1 23.0 15.8 8.1
Zr, TigeCuy, 798 809
52.9 23.1 15.8 8.2
53.1 23.0 15.8 8.1
Ti,9Z1,6Ni;Cu 839 847
it 52.9 23.1 15.8 8.2
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Fig. 3. Optical micrographs of the CP titanium base metal showing the grain growth and the phase transformation
with elevated holding temperatures for 60 min; (a) as received base metal, (b) 800°C, (c) 850°C and (d) 1020°C.
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Fig. 4. Relations between holding temperatures and
tensile strengths of the CP titanium grade 2 base metal
tested for 60 min.
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Fig. 5. Relations between holding temperatures and
hardness of the CP titanium grade 2 base metal tested
for 60 min.
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Fig. 6. Optical micrographs of the Ti-6Al-4V alloy showing the grain growth and the phase transformation with
elevated holding temperatures for 60 min; (a) as received base metal, (b) 800°C, (c) 900°C and (d) 1020°C.
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min.
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Fig. 9. Tensile strengths of the CP titanium and Ti-6Al-
4V joint brazed with increasing the brazing temperature;
open symbols are CP titanium joint strengths, and
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