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Abstract

The purpose of this research is focused in vacuum brazing, including traditional vacuum
furnace brazing as well as infrared brazing, Ti-6Al-4V and Nb metal using pure Ag, BAg-8
(72Ag-28Cu) and 95Ag-5Al, respectively. Based on dynamic wetting angle measurements and
microstructural observation of the brazed interface, excessive brittle intermetallic compounds are
formed using Ag, BAg-8 and 95Ag-5Al as the brazing fillers. The infrared brazed joint using
BAg-8 and 95Ag-5Al have the highest average shear strength of 224.1 and 172.8 MPa
respectively. The averaged shear strength of the brazed joint is decreased with increasing
brazing temperature and/or time, and its fracture location changes from the braze alloy into the
interfacial reaction layer(s) due to excessive growth of the Cu-Ti or TisAl intermetallics. The
application of rapid infrared brazing can effectively inhibit the formation of intermetallics during
brazing. The deterioration of base metal due to high brazing temperature can also be avoided,
so better quality of the brazed joint is achieved.

Keywords: vacuum brazing, titanium alloys, niobium metal, silver-base filler metals,
microstructure, interface, shear test
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Braze Alloy = Brazing Temperature Time  Shear Strength  Average Shear Standard
(Wt%) Type (°C) (sec) (MPa) Strength (MPa) Deviation (MPa)
100Ag Infrared 1000 60 174.0 173.0 1.0

Infrared 1000 60 172.0
Furnace 1000 1200 124.2 117.5 6.8
Furnace 1000 1200 110.7

72Ag-28Cu  Infrared 850 60 212.9 224.1 11.2
Infrared 850 60 2353
Furnace 800 600 159.6 164.5 4.9
Furnace 800 600 169.3
Furnace 800 1200 136.0 142.4 6.4
Furnace 800 1200 148.8
Furnace 850 600 120.1 130.3 10.2
Furnace 850 600 140.4
Furnace 850 1200 117.4 108.7 8.7
Furnace 850 1200 100.0

95Ag-5Al Infrared 950 60 174.7 172.8 1.9
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ji-0A-4V

Location (phase) /at%  Ti Ag Al \Y Nb
A (Ti-rich) 81.8 8.1 7.3 2.7 0.0
B (Ag-rich) 0.4 96.5 3.1 0.0 0.0
C (Ti-rich) 71.8 3.6 8.0 0.3 16.3
D (TiAg) 41.6 515 49 2.1 0.0

B 4—ic b SUA 4% 4% & Ti-6A1-4V/Ag/Nb *+ 1000°C 5 60 )2 SEM (a) SEI > (b) BEI 22
EPMA it 8 & & & 55 % o

- [

w R W

B D

Location (phase) / at% Ti Ag Al \Y Nb

A (Ti-rich) 828 61 95 08 08

B (TiAg) 497 493 05 03 02
C (Ag-rich) 299 695 04 02 0.1
D (Ti-rich) 687 35 77 04 197
E (Ti-rich) 673 35 73 04 215

Bl 5— W2 %A 44 & Ti-6Al-4V/Ag/Nb 2. SEM £ EPMA 1+ # & 4 2 47 % % : (a) SEI -
(b) BEI (1000°Cx600 #}) ; (c) SEI » (d) BEI (1050°Cx600 #}) °
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B 60— 4:4% & Ti-6Al-4V/Ag/Nb 55 4 plzEis 2. SEM mL¥r# & o EL/Z K  (a) BEI >
1000°Cx60 # (%= 7t %71 4%) » (b) BEI » 1000°Cx1200 (& st 2 7 A1 4%) o

B 7—H 48 3 & Ti-6Al-4V/Ag/Nb ‘&% 4 jpl3 14 2. SEM sL#74 & A 47 : (a) 1000°Cx60 (=
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: LW
Braze

Location (phase) / at% Ti Ag Cu Al \ Nb

A (Cu-rich) 1.3 4.4 92.9 1.4 0.0 0.0
B (Ag-rich) 0.3 86.3 11.4 1.9 0.0 0.0
C (Ti3Cuy) 42.3 1.6 55.0 0.3 0.7 0.0

] 8— A= *h AT 42 4% & Ti-6A1-4V/72Ag-28Cu/Nb ** 850°C 45§ 60 #j2. SEM (a) SEI -
(b) BEI &2 EPMA & & & 2455 % o

Location (phase) / at% Ti Ag Cu Al \Y Nb
A (TiCu) 49.8 2.9 45.5 1.0 0.9 0.0

B (Ti;Cuy) 41.4 1.3 55.8 0.3 1.3 0.0

C (Ti3Cuy) 42.7 1.2 54.6 0.3 1.2 0.0

D (Cu-rich) 21.2 1.3 75.3 1.5 0.7 0.0

E (Ag-rich) 0.4 87.5 11.0 1.0 0.0 0.1

B O— @553 % Fl 4545 & Ti-6Al1-4V/72Ag-28Cu/Nb 2. SEM 2 EPMA - 5 & & 4 45 %
% : (a) SEI » (b) BEI (800°Cx600 #}) ; (c) (d) BEI (800°Cx1200 #}) °
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E: |'§

Location (phase) / at% Ti Ag Cu Al \% Nb
A (Ti,Cu) 65.2 1.7 29.0 33 0.9 0.0

B (TiCu) 50.2 53 42.5 1.2 0.8 0.0

C (Ag-rich) 0.6 94.9 2.7 1.7 0.0 0.1

D (TiCu) 49.5 2.8 46.2 0.7 0.8 0.0

E (Ag-rich) 0.4 82.3 14.8 23 0.2 0.0

F (Ti5Cuy) 42.0 1.3 53.9 0.7 0.4 1.8

G (Cu-rich) 17.4 1.3 77.1 1.0 0.6 2.6

B 10— @ 9% 42 45 & Ti-6Al-4V/72Ag-28Cu/Nb 2 SEM £ EPMA it 5 & & 4 45 i
% : (a) SEI > (b) BEI (850°Cx600 #}) ; (c) SEI » (d) BEI (850°Cx1200 #) «
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B 11—4 4% 3% & Ti-6Al1-4V/72Ag-28Cu/Nb 57 *7 jpl:#2. SEM BEI sL%TH £ & LT
B © (a) 850°Cx60 £ (4 *h4R) » (b) 800°Cx600 sec (& s45) » (c) 800°Cx 1200 sec ( i# 2
%) » (d) 850°C*600 sec (1 5Lyp)% (e) 850°Cx1200 sec (& sep) o
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B 12— 45 5 & Ti-6A1-4V/72Ag-28Cu/Nb &% *» pl3Ez2. SEM BL¥74 o L% ! (a)
850°Cx60 #) (iz 7k ) » (b) 800°Cx600 sec (1 i) » (c) 800°Cx 1200 sec (¥ 14 » (d)
850°Cx600 sec (1 siyg)2 (e) 850°Cx1200 sec (& kilg) o
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Location (phase) / at% Ti Ag Al \Y Nb

A (TiAl) 50.9 38 434 18 00
B (TiAl) 50.0 2.9 439 32 00
C (Ag-rich) 0.5 873 120 02 0.0

W] 13— °} SUAT £ 4% & Ti-6AI-4V/95Ag-SAUND *+ 950°C 4538 60 ) SEM (a) SEI(b) BEI
2 EPMA 83 A 0458 % o
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o
'y ‘."
A0pm
1.5k 5 20um
Location (phase) / at% Ti Ag Al \Y Nb
A (TiAl) 51.5 34 43.5 1.6 0.0
B (TiAl) 48.0 83 41.1 2.6 0.0
C (Ag-rich) 1.4 96.5 1.8 0.2 0.0

Bl 14— @ 595 1 42 42 £ Ti-6A1-4V/95Ag-5AI/Nb *+ 850°C #% 8 600 #2. SEM (a) SEI> (b) BEI
¢ EPMA it £ 5 2455 % o

Location (phase) / at% Ti Ag Al \Y Nb
A (Ti;Al) 71.6 14 242 2.7 0.0

B (Ti;Al) 66.8 3.8 27.0 24 0.0

C (Ag-rich) 1.4 96.5 1.8 0.2 0.0

D (Ti;Al) 70.8 1.1 26.1 1.9 0.0

E (Ti;Al) 68.6 2.7 25.4 2.2 1.2

B 15— @ 5yh AT 42 45 & Ti-6A1-4V/95Ag-SAUND ** 900°C #% 8 600 #) 2. SEM (a) SEI> (b) BEI
¢r EPMA 15 & A 4475 % o
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Bl 16— 4% 32 £ Ti-6Al-4V/95Ag-5AUND ‘5 % *» i#|3# 2. SEM BEI L 474 & & k& /2 B
(a) 950°Cx60 #5 (A= 4k) > (b) 900°Cx1200 # (1B %) -

Bl 17—4 4232 & Ti-6Al-4V/95Ag-SAIND &% *» jpl3k 2. SEM BL %74 & BL% 1 (2)950°Cx60 )
(i b 50AT 42) % (5)900°Cx 1200 #7( 1B 515 4T 4%) -
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Bl
This research is primarily focused in developing the technology of]
vacuum brazing Ti-6Al-4V and Nb metal for reference of domestic
users. With aid of interfacial microstructural observations and shear
tests, the effect of process variables, e.g., brazing temperature and
time ... etc., on the quality of brazed joint will be evaluated.
Additionally, the process is optimized in the experiment, and better
process variables are obtained.
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