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Infrared brazing of Ti–6Al–4V and 17-4 PH stainless
steel with (Ni)/Cr barrier layer(s)
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bstract

Ti–6Al–4V and 17-4PH stainless steel (17-4PH SS) with (Ni)/Cr barrier layer(s) were infrared vacuum brazed using two silver-based braze alloys,
2Ag–28Cu and 63Ag–35.25Cu–1.75Ti (wt.%), respectively. Both Cr (15 �m) and Ni (2 �m)/Cr (15 �m) coated 17-4PH SS plates were evaluated
n the study. Introducing (Ni)/Cr barrier layer(s) can effectively inhibit the interfacial reaction between the 17-4PH SS and the molten braze during

razing. Therefore, the formation of brittle interfacial Ti–Fe intermetallics next to the 17-4PH SS is avoided and replaced by Ti–Cu–(Ni) and TiCr2

ntermetallic compounds in the joint. The average shear strength of the infrared brazed joint with Ni/Cr barrier layers is significantly improved up
o 233 MPa. Using (Ni)/Cr barrier layers on the 17-4PH SS has the potential of industrial application in brazing Ti–6Al–4V and 17-4PH SS.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Both Ti–6Al–4V and 17-4PH stainless steel (17-4PH SS)
re important structural alloys. Combining an inexpensive 17-
PH SS body and a valuable Ti–6Al–4V key component has
he potential to be an attractive product for industrial applica-
ions [1–4]. For instance, the golf club head can be made by
i–6Al–4V striking plate and a 17-4PH SS body. Brazing is
onsidered as one of alternatives in joining Ti–6Al–4V and 17-
PH SS alloys. However, the formation of continuous interfacial
i–Fe intermetallic compounds in the brazed joint significantly
eteriorates the bonding strength of the joint due to the high
eactivity of the Ti [4,5].

A barrier layer can isolate or relieve the interfacial reac-
ion between the molten braze and the substrate during brazing.
ased on our previous study of infrared brazing Ti–6Al–4V and
7-4PH SS using the 72Ag–28Cu braze alloy, the application of
n electroless Ni plating with a 10 �m thickness on the 17-4PH
S is effectively served as a barrier layer to prevent the formation

f Ti–Fe compounds [4]. Here, the brittle Ti–Fe reaction layer is
eplaced by interfacial CuNiTi and NiPTi phases. The plated Ni
ayer is consumed for the specimen infrared brazed at 880 ◦C for

∗ Corresponding author. Tel.: +886 2 2363 7846; fax: +886 2 2363 4562.
E-mail address: skw@ntu.edu.tw (S.K. Wu).
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00 s, so the bonding strength is impaired. It is preferred that a
ore resistant barrier layer is developed in brazing Ti–6Al–4V

nd 17-4PH SS.
Electroless or electric plating on a titanium alloy is not easily

chieved by commercially available processes [4,6]. Because the
r plating on the stainless steels is popular in industry, brazing
r-coated 17-4PH SS plate and Ti–6Al–4V is proposed in the

tudy [6].
It has been reported Ti alloys are easily brazed using both Ti

nd Ag-based braze alloys [3,7–11]. Compared with Ti-based
raze alloys, Ag-based braze alloys are featured with their low
elting points, which are advantageous in brazing the �–�
i such as Ti–6Al–4V [2,3,12]. A lower brazing temperature

s also beneficial to the endurance of the barrier layer since
oth the interfacial reaction and the substrate dissolution are
reatly decreased during brazing. So, two Ag-based braze alloys,
2Ag–28Cu and 63Ag–35.25Cu–1.75Ti in wt.%, were selected
s filler metals in reported studies [5,13,14].

Infrared brazing is characterized by high heating rates up to
0 ◦C/s [15,16]. With the aid of infrared heating, the early stage
f microstructural evolution of the joint is easily researched.
he purpose of this research is focused on infrared braz-
ng Ti–6Al–4V and 17-4PH SS with (Ni)/Cr barrier layer(s).
ynamic wetting angle measurements, microstructural evolu-

ion, interfacial reaction and shear test of the infrared brazed
oint are extensively assessed in the experiment.

mailto:skw@ntu.edu.tw
dx.doi.org/10.1016/j.msea.2007.10.075
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. Experimental procedures

The thickness of both Ti–6Al–4V and 17-4PH SS plates
s 3 mm each. Both Ti–6Al–4V and 17-4PH SS substrates are
sed in their annealed conditions. The 17-4PH SS plates were
agnetically sputtered by a Cr layer of 15 �m in thickness

s the barrier layer. Some Cr-coated 17-4PH SS plates were
ubsequently sputtered by a Ni layer of 2 �m in thickness to
mprove the wettability of the molten braze. Both 72Ag–28Cu
nd 63Ag–35.25Cu–1.75Ti (wt.%) foils with the thickness of
0 �m were selected as the brazing filler metals.

Wetting angle measurements of molten brazes on various sub-
trates were performed in a vacuum of 5 × 10−3 Pa [10]. Infrared
ays were generated from infrared lamps, transmitting the trans-
arent quartz tube and focused in the specimen’s holder. One end
f the quartz tube adopted the specimen’s holder, and the other

nd could transmit the signal into the image analysis system.
he filler metal was placed on the substrate, and a thermocou-
le was in contact with the (Ni)/Cr-coated 17-4PH SS substrate
10].

a
a
a
A

ig. 1. The schematic diagram of infrared furnace and specimens used in the test. The
or the metallographic inspection.

able 1
ummary of infrared brazing process variables

raze alloy (wt.%) Coating(s) on the 17-4PH SS

2Ag–28Cu Ni (2 �m)/Cr (15 �m)/17-4PH SS

3Ag–35.25Cu–1.75Ti Cr (15 �m)/17-4PH SS
ngineering A 488 (2008) 186–194 187

The braze alloy with near spherical shape used in the wetting
ngle test was prepared from the foil by vacuum arc remelting
VAR) with the operation voltage of 60 V and 50–60 A. The
eight of each sphere was kept at about 0.12 g. The image
f the molten braze on the substrate was captured simultane-
usly by a charge coupled device (CCD) at a constant frequency
f 20 frames a second. The active pixels of the CCD camera
ere 768(H) × 494(V), and CCD images were then saved in a

omputer for further analyses [15].
Fig. 1 shows the schematic diagram of the infrared furnace

nd specimens used in the experiment. There are two types of
pecimens used in the experiment. One is prepared for met-
llographic inspection; the other is made for the shear test as
llustrated in Fig. 1. The heating rate of infrared brazing was
et at 15 ◦C/s throughout the experiment. All samples were
reheated at 600 ◦C for 90 s before heating to the brazing temper-

ture. The average cooling rate between the brazing temperature
nd 300 ◦C was approximately 0.3 ◦C/s. Table 1 summarizes
ll infrared brazing process variables used in the experiment.
fter infrared brazing, the cross-section of the brazed speci-

up-left plots the specimen for the shear test, and the up-right plots the specimen

Brazing temperature (◦C) Brazing time (s)

850 180
850 300
875 180
875 300

850 180
850 300
875 180
875 300
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en experienced a standard metallographic procedure, and was
xamined using a Philips XL-30 scanning electron microscope
SEM) equipped with an energy dispersive spectroscopy (EDS)
or chemical analyses.

Shear tests were performed to evaluate the bonding strength
f selected infrared brazed joints. Ti–6Al–4V plate was sand-
iched between two coated 17-4PH SS plates with a 3 mm
verlap of the braze alloy (Fig. 1) [4]. A Shimadzu AG-10 uni-
ersal testing machine compressed the infrared brazed specimen
ith a constant speed of 0.0167 mm/s. Failure analysis of the

ractured surface after the shear test was performed using the
EM.

. Results and discussion

.1. Dynamic wetting angle measurements of two brazes on
ifferent substrates

The 72Ag–28Cu filler metal cannot effectively wet the Cr bar-
ier layer, so the Cr-coated 17-4PH SS subsequently deposited a
hin layer of Ni to improve its wettability. By adding 1.75 wt.%
i into the Ag-based braze alloy, the 63Ag–35.25Cu–1.75Ti
raze alloy is considered an active braze alloy and is selected
s the filler metal in brazing Ti–6Al–4V and Cr-coated 17-4PH
S.

Fig. 2 shows the dynamic wetting angle measurements of two
razes on Cr and Ni/Cr-coated 17-4PH SS at 850 and 875 ◦C,
espectively. According to Fig. 2, 63Ag–35.25Cu–1.75Ti shows
oor wettability on the Cr-coated 17-4PH SS at 850 and 875 ◦C.

etting angles display little change even after increasing the test

ime to 300 s. It is deduced introducing 1.75 wt.% Ti into the Ag-
ased braze alloy is insufficient to improve its wettability on the
r-coated 17-4PH SS.

t

i

ig. 3. SEM BEIs and EDS chemical analysis results in atomic percent of infrared b
t 850 ◦C for 180 s.
ig. 2. Dynamic wetting angle measurements of two brazes on Cr and Ni/Cr-
oated 17-4PH SS at 850 and 875 ◦C.

On the other hand, the Ag–Cu eutectic braze demonstrates
xcellent wettability on the Ni/Cr-coated 17-4PH SS. Introduc-
ng a 2 �m Ni layer on the Cr-coated 17-4PH SS substantially
mproves the wettability of molten filler metal on it. For the spec-
men tested at 850 ◦C, the wetting angle drops from 120◦ to 41◦
t 60 s and equilibrates at 11◦ for testing time above 100 s. The
ettability of Ag–Cu eutectic braze is further improved when

ncreasing the test temperature to 875 ◦C. The wetting angle
rops rapidly at 30 s and equilibrates at 60 s, and the wetting
ngle is as low as 8◦ for the specimen tested at 300 s.

.2. Brazing Ti–6Al–4V and Ni/Cr-coated 17-4PH SS using

he 72Ag–28Cu filler

Fig. 3 displays the results of SEM backscattered electron
mages (BEIs) and EDS chemical analyses in atomic percent of

razed Ti–6Al–4V and Ni/Cr-coated 17-4PH SS using 72Ag–28Cu braze alloy
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he specimen infrared brazed at 850 ◦C for 180 s. The deposited
i layer is completely dissolved into the molten braze and read-

ly reacts with Cu and Ti forming a Cu–Ni–Ti intermetallic
ompound close to the Cr layer, as marked by C in Fig. 3. Accord-
ng to the isothermal section of the Cu–Ni–Ti ternary alloy
hase diagram at 800 ◦C, the CuNiTi phase can be expressed
s (CuxNi1−x)2Ti where x ranges from 0.23 to 0.75 [17]. Based
n the stoichiometric ratio among Cu, Ni and Ti, the phase at
ocation C in Fig. 3 is close to CuNiTi.

The Cr layer shows good adhesion to the 17-4PH SS. Dif-
ering from the deposited Ni layer in the previous study, the
putter-coated Cr barrier layer is almost intact from the short
razing cycle [4]. According to Fig. 3, the thickness of the Cr
ayer (marked by A) is approximately 12 �m, so it is effective
n isolating the interfacial reaction between Ti and Fe. Based
n the Ag–Cr and Cr–Cu binary alloy phase diagrams, the Cr is
early insoluble to Ag and Cu [18]. Accordingly, the interface
etween the braze and Ni/Cr-coated 17-4 PH SS is free of the

eaction layer.

The chemical composition of 72Ag–28Cu deviates from the
riginal eutectic because of the depletion of Cu from the brazed
lloy. The brazed joint chiefly consists of white Ag-rich matrix

I
m

b

ig. 4. SEM BEIs and EDS chemical analysis results in atomic percent of infrared b
t (a and b) 850 ◦C for 300 s, (c and d) 875 ◦C for 180 s.
ngineering A 488 (2008) 186–194 189

s marked by D in Fig. 3. Some of the Cu atoms in the braze
lloy react with the Ti nearby the Ti–6Al–4V side, and form
nterfacial Ti3Cu4 and TiCu as marked by E and F. Because the
i content in the molten braze is supplied by the dissolution
f Ti–6Al–4V substrate during infrared brazing, the growth of
i–Cu intermetallics at the interface between Ti–6Al–4V and
raze alloy is much more prominent than between 17-4PH SS
nd braze alloy. It is obvious the interfacial Ti–Cu intermetallic
ompounds grow rapidly even for the shortest brazing cycle.

Figs. 4 and 5 display SEM BEIs and chemical analysis results
f the specimens infrared brazed at various brazing conditions.
he microstructures of these joints are similar to those of Fig. 3.
oth dissolution of Ti–6Al–4V into the molten braze and reac-

ions between Ti and Cu are increased by increasing the brazing
emperature and/or time. The Ti–Cu intermetallic compounds as

arked by F and G in Fig. 4 are much more than in Fig. 3. On
he other hand, the Cr barrier layer has not disappeared from the
oint even if the specimen is brazed at 875 ◦C for 300 s (Fig. 5).

t is obvious the coated Cr barrier layer functions well, and it is
ore resistant than the plated Ni one [4].
It is worth mentioning the TiCr2 phase at the interface

etween 17-4PH SS and braze alloy is observed for the specimen

razed Ti–6Al–4V and Ni/Cr-coated 17-4PH SS using 72Ag–28Cu braze alloy
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ig. 5. SEM BEIs and EDS chemical analysis results in atomic percent of infr
t 875 ◦C for 300 s.

nfrared brazed at 875 ◦C for 300 s, as marked by B in Fig. 5.
owever, the TiCr2 phase is not obvious for other brazing con-
itions. It is deduced a high brazing temperature and/or a long
razing time result in the interfacial reaction between Ti and Cr
arrier layer. The growth rate of TiCr2 is much lower than Ti–Cu

ntermetallics, as demonstrated by the lack of a continuous TiCr2
eaction layer.

Table 2 summarizes the shear strengths of infrared brazed
i–6Al–4V and 17-4PH SS with various brazing conditions.

p
l
a
w

able 2
ummary of shear strength of infrared brazed Ti–6Al–4V and 17-4PH SS

raze alloy (wt.%) Coating(s) on the 17-4PH SS Brazing temp

2Ag–28Cu – 800
– 850
– 850
– 900
– 900
– 900
Ni (10 �m) 800
Ni (10 �m) 800
Ni (10 �m) 850
Ni (10 �m) 850
Ni (10 �m) 880
Ni (10 �m) 880
Ni (2 �m)/Cr (15 �m) 850
Ni (2 �m)/Cr (15 �m) 850
Ni (2 �m)/Cr (15 �m) 875
Ni (2 �m)/Cr (15 �m) 875

3Ag–35.25Cu–1.75Ti Cr (15 �m) 850
Cr (15 �m) 850
Cr (15 �m) 875
Cr (15 �m) 875

a Ref. [4].
razed Ti–6Al–4V and Ni/Cr-coated 17-4PH SS using 72Ag–28Cu braze alloy

ecause the shear strengths of all joints are much lower than
he Ti–6Al–4V and 17-4PH SS substrates, further heat treat-
ng both substrates to obtain their maximum strengths is not
onsidered in this research. It needs further study. Data of the
revious study are also included in the table for comparison

urposes [4]. Since the growth of interfacial Ti–Fe intermetal-
ic compound significantly reduces its bonding strength, the
verage shear strength of the 900 ◦C brazed specimen for 300 s
ithout any coating is as low as 22 MPa. Decreasing the braz-

erature (◦C) Brazing time (s) Average shear strength (MPa)

120 96a

120 68a

300 53a

30 47a

120 37a

300 22a

180 176a

300 210a

180 207a

300 173a

180 145a

300 130a

180 233
300 218
180 223
300 186

180 140
300 214
180 156
300 187
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ig. 6. SEM and EDS analyses of the joint infrared brazed at 850 ◦C for 180 s. (a
fter the shear test.

ng temperature and/or time leads to increasing average shear
trength up to 96 MPa. Unfortunately, the Ti–Fe intermetallics
annot be completely avoided even in the fastest infrared brazing
ycle.

The average shear strength of the brazed joint is greatly
mproved up to 210 MPa by introducing a layer of plated Ni on
he 17-4PH SS [4]. However, the bonding strength is impaired if
he Ni barrier layer is consumed for higher brazing temperature
nd/or longer brazing time. Because the sole Ni barrier layer is
ot very resistant to the molten braze, a rapid brazing cycle is
till preferred in application.

In contrast, most average shear strengths of brazed
i–6Al–4V and Ni/Cr-coated 17-4PH SS are higher than the
i plated ones. The maximum average shear strength of the
i/Cr-coated one is as high as 233 MPa for the specimen

nfrared brazed at 850 ◦C for 180 s. Also, the average shear
trengths of joints are insensitive to brazing conditions, for
xample, the brazing temperature and time, since they have sim-
lar microstructures as described earlier. The Cr barrier layer is

asically kept in good shape even for the highest brazing tem-
erature and time. Therefore, it is inferred the Cr barrier layer
s very effective in isolating 17-4PH SS and the molten braze to
orm interfacial Ti–Fe intermetallics in the joint.

c
m
i

) Fractographs of Ti–6Al–4V side and 17-4PH SS side, (b and c) cross-sections

Fig. 6 shows the SEM and EDS analysis results of the frac-
ured specimen infrared brazed at 850 ◦C for 180 s after the
hear test. There are sliding marks marked by the arrow on
he fractured surface (Fig. 6(a)), so some fractured phases were
eformed plastically. Quasi-cleavage fracture is widely observed
n Figs. 6(a and b). The joint is free of the brittle interfacial Ti–Fe
ntermetallic compound because the Cr barrier layer is almost
ntact after brazing. Also, the Cr barrier layer displays good
dhesion to the 17-4PH SS after the shear test as illustrated in
ig. 6(d). The infrared brazed joint consists of an Ag-rich matrix,
Cu-rich phase and Ti–Cu–(Ni) intermetallic phases. Cracks

re mainly initiated from the interfacial Ti–Cu intermetallics
s marked by B and C (Fig. 6(c)), and propagate into the Ag-
ich matrix. The distortion of the eutectic matrix in the braze as
llustrated in Figs. 6(c and d) demonstrates a certain degree of
uctility in the joint. There are spotty TiCr2 phase at the inter-
ace between the Cr barrier layer and the braze as marked by G
n Fig. 6(d). However, the presence of such a spotty TiCr2 phase
as little effect on the bonding strength of the joint.
It has been reported residual thermal stresses play a cru-
ial role in brazing dissimilar alloys [19,20]. The brazed joint
ust have a certain ability to deform plastically, or the joint

s greatly deteriorated due to residual thermal stresses. Based
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ig. 7. SEM BEIs and EDS chemical analysis results in atomic percent of infrar
lloy at 850 ◦C for 180 s.

n the experimental observation, the Ag-rich matrix shows the
bility of plastic deformation, and is helpful in relieving the
esidual thermal stresses of the joint. Also, the formation of
nterfacial Ti–Cu–(Ni) intermetallics is better than the very brit-
le Ti–Fe intermetallics. Consequently, applying Ni/Cr coatings
n the 17-4PH SS significantly improves the bonding strength
f the brazed joint.

.3. Brazing Ti–6Al–4V and Cr-coated 17-4PH SS using

he 63Ag–35.25Cu–1.75Ti filler

Fig. 7 shows the results of SEM BEIs and EDS chemical
nalyses in atomic percent of the specimen infrared brazed at

p
e

r

ig. 8. SEM BEIs and EDS chemical analysis results in atomic percent of infrared br
lloy at 875 ◦C for 300 s.
azed Ti–6Al–4V and Cr-coated 17-4PH SS using 63Ag–35.25Cu–1.75Ti braze

50 ◦C for 180 s. Similar to the earlier results, the microstructure
f the brazed joint primarily consists of Ag-rich matrix (E),
i–Cu intermetallics (C, F and H), Cu-rich (D and G) phases.
he Cr barrier layer, as marked by A in Fig. 8, is still available for

solation of the reaction between the molten braze and 17-4PH
S. However, there is a continuous phase as marked by B at the

nterface between the Cr barrier layer and braze alloy. Based on
he Cr–Ti binary alloy phase diagram, the stoichiometric ratio
etween Cr and Ti is close to TiCr2 phase. In contrast to the

revious results, the continuous TiCr2 phase is readily formed
ven when the specimen is brazed at 850 ◦C for 180 s.

Fig. 8 displays the SEM BEIs and EDS chemical analysis
esults of the joint infrared brazed at 875 ◦C for 300 s. According

azed Ti–6Al–4V and Cr-coated 17-4PH SS using 63Ag–35.25Cu–1.75Ti braze
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o Fig. 8, Ti–Cu intermetallics are greatly coarsened by increas-
ng the brazing temperature and time. It is also noted the Cr layer
orks well to isolate the reaction between the braze alloy and
7-4PH SS. The interfacial TiCr2 phase is observed as marked
y B in Fig. 8. However, it is not significantly coarsened by

ncreasing the brazing temperature and time. The slow growth
ate of TiCr2 suggests the Cr barrier layer is resistant to molten
raze erosion during infrared brazing. Thus, the thickness of Cr
ayer shows little change even when brazed at 875 ◦C for 300 s.

s
s
e
b

ig. 9. SEM cross-sections after the shear tests and EDS chemical analyses of the jo
nd f) 875 ◦C for 180 s, (g and h) 875 ◦C for 300 s.
ngineering A 488 (2008) 186–194 193

The shear strengths of brazed Cr-coated 17-4PH SS plates
sing 63Ag–35.25Cu–1.75Ti filler metal are included in Table 2.
hey are better than the specimen without any coating on the
7-4PH SS but inferior on average to those with Ni/Cr coatings.
he maximum shear strength of the joint is 214 MPa for the

pecimen infrared brazed at 850 ◦C for 300 s. However, the joint
hows lower bonding strength for the shorter brazing cycle, for
xample, 180 s. It is deduced that poor wetting of the molten
raze on the Cr-coated 17-4PH SS worsens the bonding strength

int infrared brazed at (a and b) 850 ◦C for 180 s, (c and d) 850 ◦C for 300 s, (e
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f the joint, especially for the short thermal cycle of brazing.
n the other hand, increasing the brazing temperature leads to
ecreasing bonding strength of the joint because of the growth
f intermetallics in the joint. Both increasing the brazing time
nd/or temperature result in growth of brittle intermetallics, so
he bonding strength of the joint is impaired as demonstrated in
able 2.

Fig. 9 displays SEM cross-sections of the brazed joints after
he shear test for various brazing conditions. There are two major
rack locations identified from Fig. 9 including Ti–Cu inter-
etallics close to the Ti–6Al–4V and interfacial TiCr2 next to

he Cr barrier layer. Cracks are generally initiated and propa-
ated along the interfacial Ti–Cu and TiCr2 intermetallic phases.
t is also noted the crack growth rate of interfacial TiCr2 is not
s prominent as the Ti–Cu intermetallics. Rapid growth of inter-
acial Ti–Cu may also result in premature failure of the brazed
oint.

Because the brazed joint is free of Ti–Fe intermetallic com-
ounds, introducing a Cr barrier layer on the 17-4PH SS is still
good approach to avoid the interfacial reaction between Ti and
e. Replacing interfacial Ti–Fe intermetallics into Ti–Cu and
iCr2 phases significantly improves the shear strength of the

oint.

. Conclusions

Microstructural evolution and the shear strength of the
nfrared brazed Ti–6Al–4V and 17-4PH SS with (Ni)/Cr barrier
ayer(s) have been evaluated in this study. Important conclusions
re summarized below.

. 63Ag–35.25Cu–1.75Ti shows poor wettability on the Cr-
coated 17-4PH SS at 850 and 875 ◦C, and wetting angles
show little change even after increasing the test time to 300 s.
Introducing 1.75 wt.% Ti into the Ag-based braze alloy is
insufficient to improve its wettability on the Cr-coated 17-
4PH SS. In contrast, the wettability of 72Ag–28Cu braze is
considerably improved by introducing a 2 �m Ni layer on the
Cr-coated 17-4PH SS.

. For the Ni/Cr-coated 17-4PH SS using 72Ag–28Cu braze, the
Ni layer is readily dissolved into the molten braze, and the
brazed joint primarily consists of an Ag-rich matrix, Cu-rich
and Ti–Cu–(Ni) intermetallic phases. The maximum aver-
age shear strength of the joint is as high as 233 MPa for the
specimen infrared brazed at 850 ◦for 180 s. Average shear
strengths of joints are insensitive to the brazing conditions
because they have similar microstructures. Failure of the joint
after the shear test is caused by the fracture of Ti–Cu–(Ni)

intermetallics in the joint.

. For the Cr-coated 17-4PH SS using 63Ag–35.25Cu–1.75Ti
braze, the microstructure of the joint mainly consists of Ag-
rich matrix, Cu-rich, Ti–Cu and TiCr2 intermetallic phases.

[

[
[

ngineering A 488 (2008) 186–194

Shear strengths of joints are generally inferior to those with
Ni/Cr coatings on the 17-4PH SS. The maximum shear
strength of the joint is 214 MPa for the specimen infrared
brazed at 850 ◦C for 300 s. The joint shows lower bonding
strength for the shorter brazing time, for example, 180 s due
to the poor wetting of the molten braze on the Cr-coated
17-4PH SS. On the other hand, increasing the brazing tem-
perature causes decreasing shear strength of the joint due to
the rapid growth of Ti–Cu intermetallics in the joint. The
Cr barrier layer is kept in good shape even for the highest
brazing temperature and longest time in the test.

. Both the Cr and Ni/Cr barrier layers are effective in avoid-
ing the interfacial reaction between Ti and Fe. Replacing
interfacial Ti–Fe intermetallics into Ti–Cu–(Ni) and/or TiCr2
phases significantly improves the shear strength of the joint.
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