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Influence of Testing Temperature on the Mechanical
Performance of Brazed Conventionally and Additively
Manufactured 316L Stainless Steel Joints

Frances Livera, Raphaël Charvet, Neil Hind, Sophie Barwick, Dennis Premoli,
Iain Todd, Andreas Mortensen, and Russell Goodall*

1. Introduction

The versatility of brazing as a joining method provides unique
capabilities unmatched by other bonding techniques. It can,

for example, provide metallic joints, which are electrically and

thermally conductive, relatively strong, and resistant to different
environments and elevated temperatures, between components

of different size, without part distortion or
significant change in microstructure. Thus,
brazing has been employed in a varied set
of applications, including the joining of
advanced materials subject to elevated
operating temperatures.

The performance of these joints under
non-ambient conditions is important and
often nontrivial. It is known that the forma-
tion (and subsequent elevated temperature
behavior) of brazed joints involves a num-
ber of steps and different interactions,
which depend on the materials being
joined, on the alloy that is melted between
them (the filler metal) to form the joint, and
of course on the temperature. These pro-
cesses are discussed in detail in Ref. [1]
In some cases, interdiffusion produces
the joint, while in others (especially, but
not always, in joints involving a ceramic
material), it is the formation of an interfa-
cial reaction layer that ensures sufficiently

intimate and strong bonding across the joint. Such layers can
have a critical effect on the quality of the joints, also in metallic
systems; Ref. [2] gives an example. Other phenomena, not critical
for joint formation but producing effects which can impact joint
performance, can also occur during brazing. For example, in the
brazing of 304 stainless steel with Cu-based filler metals, a
degree of dissolution of the steel occurs. This results in the pre-
cipitation of fine Fe inclusions in the filler metal, which often
display complex dendritic morphologies.[3,4]

While there is some understanding in the industry of how
standard grades of brazing alloys, known as filler metals, behave
at elevated temperatures, there are relatively few reports of
brazed joint mechanical property assessments other than at
room temperature.[5–8] In order to provide some understanding
of how the properties of a commonly used filler metal change
with temperature, a bespoke specimen geometry was used here
to conduct a series of tests that measure the impact of increased
service temperature on the joint strength. For this work, Ag155
(55Ag21Cu22Zn2Sn) was selected as the filler metal, as this
is widely used for joining a diverse range of substrates. It is
here used to bond samples of 316L stainless steel (316LSS),
another commonly used material. The effect of processing of
the stainless steel on the joint strength is furthermore investi-
gated by bonding conventionally manufactured 316LSS to
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In this work, brazed joints between samples of 316L stainless steel (316LSS) are

formed using the Ag155 brazing filler metal. As an additional aspect of the

investigation, the joints combine stainless steel formed by conventional processing

and by additive manufacture (AM). These samples are then tested to determine

their shear response with temperature, employing a bespoke test design com-

prising a set of three cylindrical samples held together with two brazed joints.

Multiple samples are tested at 20 and 500 °C and single samples at intermediate

temperatures. A shear strength above 200MPa is retained up until 200 °C, and,

despite significant differences in steel microstructure, the conventional or AM

processing of the 316LSS does not affect joint failure. At higher temperatures, there

is a progressive decrease in both the failure strength and the ductility of the joint.

The reasons for the behavior are traced to changes, potentially associated with a

transformed layer in the steel near to the joint, in the operating failure mechanism

as determined by observations of the failure surfaces of the joints. These results

highlight the importance of systematic investigations of the strength of brazed

joints with temperature and correlation of these to the joint microstructure.
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316LSS made via additive manufacturing (AM), with both sam-
ples ground to the same surface finish prior to joining. The use

of these different manufacturing processes significantly affects
the material microstructure: In AM processing, the rapid solid-
ification rates and high thermal gradient, coupled with the
remelting of the underlying layer of previously solidified mate-

rial, lead generally to directionally grown fine-scale structures,
similar to welded microstructures, with epitaxial growth often
allowing grain size to exceed the layer thickness; reviews of the

subject can be found in Ref. [9,10] In AM 316LSS produced by
laser powder bed fusion (LPBF) specifically, the structure is
fully austenitic with a hierarchical microstructure spanning five
to six orders of magnitude encompassing oxide inclusions,

solidification cells, and fusion boundaries, together with high-
and low-angle grain boundaries.[11] Comprehensive reviews
specific to AM-processed steel can be found in Ref. [12,13]

The use of AM-processed material has been shown to affect
the structure of brazed joints,[14] so the investigation of their
impact on the brazed joint mechanical behavior was viewed

as technologically relevant.

2. Experimental Section

The sample design is comprised of a stack of three Ø 7.5 mm

� 5 mm 316LSS cylinders brazed together with two Ø 10mm,
250 μm Ag155 (55Ag21Cu22Zn2Sn) braze alloy disks. The end
cylinders in the stack were machined, conventionally processed

316LSS, while the central cylinder was additively manufactured,
resulting in a symmetrical joint system (all cylinders were
ground to the same surface finish, removing the rough surface
that results from the AM process). The machined 316LSS Ø

8mm rod, which was sectioned into 5 mm long cylinders,

was provided by Goodfellow Cambridge Ltd, UK. The Ag155
filler metal was provided by VBC Group, Loughborough, UK.

The sample and testing rig are shown schematically in
Figure 1. The present test method offered some advantages over
other techniques that were often used for the assessment of the
shear strength of brazed joints. Lapped shear samples were often
the basis for industry standard tests, but these required relatively
large amounts of material, both in terms of the filler needed to
create the joint and also in terms of the amount of base material
to be joined. These requirements could be problematic during
early stages of material development, when the quantities of
material accessible might be low. Another test that was used
in this situation was the cylinder-on-plate test introduced by
Matsu et al.[15] While the volume of material required is lower,
this sample is asymmetrical and does not generate pure shear at
the interface. The design used here offers some advantages over
these methods; however, it is not perfect either, given the pres-
ence of edge effects,[16] which are neglected here. Also, there are
aspects that need care in experimentation; for example, it is
important that in brazing, the cylinders be kept parallel and well
aligned unless final machining of the cylinder shown in Figure 1
is to be conducted after joining.

2.1. AM of 316LSS Cylinder

AM cylinders of Ø 8mm� 5mm were manufactured on an
Aconity3DMini via L-PBF under an argon atmosphere. The sam-
ples were built horizontally, such that the footprint on the base-
plate was circular. The gas-atomized 316LSS powder feedstock,
supplied by Carpenter Additive, had a median size of 21.4 μm
(DN 10 of 15.2 μm, DN 90 of 32.1 μm). During manufacture,
the laser was set to a meandering scan strategy at 150W and
800mm s�1, with an initial scan angle of 22.5° and a 70°

Figure 1. A schematic diagram of the configuration of the samples and testing rig. In testing, the edge cylinders are supported in semicylindrical grooves,
while another machined shape applies pressure to the central cylinder, setting up shear stress across the joints.
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increment. The hatch spacing was 0.080mm, and the layer thick-
ness was 0.030mm. The contour laser parameters were 150W,

1200mm s�1, and an offset of 0.070mm. The cylinders were
removed from the base plate via electron discharge machining
and submerged in an isopropanol ultrasonic bath for 15min

to remove excess powder.

2.2. Air Furnace Brazing

All of the cylinders were ground with a P1200 grit paper to a
standard surface finish ahead of the brazing process, resulting

in an average surface finish roughness (Sa) of 1.66 μm for the
machined cylinders and 1.86 μm for the AM cylinders. Air fur-
nace brazing was completed at 680 °C for 20 min using Ag155

and Tenacity 5 flux (Johnson Matthey, Royston, UK), where the
samples were placed directly into the furnace at the brazing
temperature. Once air cooled, samples were grit-blasted to

remove excess flux and surface oxides and then machined on
a lathe to a 7.5 mm diameter to ensure a consistent shape.

2.3. Microstructural Characterization

Scanning electron microscopy (SEM) coupled with energy dis-

persive X-ray spectrometry (EDS) was completed on a FEI
Inspect F50, operating at 20 kV and a 10mm working distance.
Samples were ion etched with a Gatan PECS II ahead of elec-

tron backscatter diffraction (EBSD) on a JEOL JSM-7900 F with
an Oxford Instruments Advanced Symmetry System EBSD
detector, operating at 20 kV and a 13 mm working distance.

Samples were scanned with a step size of 0.2 μm and a speci-
men tilt of 70°, and data were obtained using the AZtec HKL
software, indexing copper, α-iron (BCC), and γ-iron (FCC) from

the HKL database. Macroscopic fractographs were taken using a
Canon 90D DSLR camera and 100 mm F2.8 CA-DREAMER

Macro 2X lens.

2.4. Mechanical Testing

Room and high-temperature shear testing of the brazed joints
was completed on a MFL EZU100 100 kN tensile testing appara-
tus, with the tensile sample surrounded by a lamp furnace
(Research Inc., Model 4068-12-10) at 20, 100, 200, 250, 300,
400, or 500 °C. Two samples were tested at 20 °C, three at
500 °C, and a single sample at each of the intermediate condi-
tions. Heating rates were ≈3 °C s�1, and the temperature was
controlled by a thermocouple placed in contact with the sample.
The tests were carried out in air. Figure 1 provides a description
of the test and sample configurations. The sample rests along its
two outer (machined 316LSS) edge cylinders onto semicircular
grooved steel supports. Upon testing, load is applied on the cen-
tral cylinder via a similar semicircular steel groove, such that
pressure is distributed across the entire upper or lower surface
of the centre and edge cylinders, respectively. A downward initial
load of 0.1 kN was applied to the central cylinder ahead of heat-
ing. Once the temperature stabilized at the target temperature
� 5 °C for 1min, the sample was incrementally loaded at
0.01mm s�1 to failure.

3. Results and Discussion

3.1. Joint Microstructure

SEM images of the joint cross section in samples that were not
loaded are shown in Figure 2. The microstructure of the joint
braze alloy region is composed of larger Cu-based regions
(medium grey) and a eutectic phase that combines an Ag-based
solid solution (light grey) and a Cu-based solid solution, as
highlighted by the EDS maps. This is consistent with literature
examples of similar Ag–Cu-based brazing systems.[6,17] There is
little interaction between the 316LSS and Ag155, but a layer of
fine grains is present at the interface of the filler metal with both
the AM and machined 316LSS that forms during brazing.

Figure 2. a) SEM image of the Ag155 joint cross section (taken from near the middle of the joint depicted in Figure 1, in samples that had not been
loaded) with AM 316LSS at the top and machined 316LSS at the bottom, higher magnification SEM images and corresponding EDS maps of Fe, Ni, Cu,
and Ag of the interface between Ag155 and b) machined 316LSS and c) AM 316LSS.
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EDS maps show that the average composition of the layer (dark
grey) does not feature Cu or Ag, but is rich in Fe, so it must be
steel-based and originate from the stainless steel. Interestingly,
the fine grains are depleted in Ni.

An examination of the interfacial region via EBSD in Figure 3

reveals that the fine grains are formed of a body-centered cubic
(BCC) Fe phase. BCC-Fe is also observed at a small volume frac-
tion in the machined 316LSS, which can indeed contain residual
ferrite.[18] Usually, 316LSS and the Ag155 filler metal have face-
centered cubic (FCC) crystal structures. The difference in the

grain structure of the stainless steel with processing route is vis-
ible, with the AM material having elongated columnar grains,
while grains in the conventionally processed 316LSS are equi-
axed and slightly twinned. There is no clear orientation relation-
ship between the BCC-Fe grains and the base material or the
filler metal. A similar BCC-Fe interfacial layer has been shown
to form during the brazing, using a CuGeNi braze alloy, of aus-
tenitic stainless steels by Livera,[14] who further also noted a sup-
pression of the BCC-Fe phase formation in AM 316LSS.

In the present case, the formation of the BCC-Fe layer is likely
caused by local interdiffusion along the interface during brazing,
with Ni diffusing out from the 316LSS into the Ag155 upon con-
tact with the liquid filler metal and Znmoving from the filler into
the steel. Such an interaction has been studied by Sage and
Fink,[19] who showed the effects of liquid Zn spreading on

304SS, which resulted in the formation of a BCC-Fe layer
revealed by EBSD analysis and confirmed by thermodynamic
predictions. Surface preparation, via grinding with P1200 grit
paper, of the AM 316LSS, rather than the use of the native
AM surface, disrupts the solidification substructure at the sur-
face.[20,21] This substructure has been related to phase transfor-
mation suppression in other AM systems.[20] Hence, the BCC-Fe
layer has formed on the interface with both 316LSS parts in the
present example, while in earlier work using the native surface,
this was not the case.[14]While small, the presence of this BCC-Fe
structure at the joint interfaces may impact on the joint perfor-
mance, either through directly changing the joint mechanics or
due to phase changes that could occur with temperature. Such a
BCC-Fe layer has been found in multiple brazing systems
applied to austenitic stainless steels, and it is therefore critical
to understand how it influences the joint strength and failure
mechanism.

3.2. Joint Strength and Fractography

The design of the test specimen with two similar joints means
that, upon sample failure defined as separation of one of the
joints, the other joint is still intact. If joint strength is reproduc-
ible, the still intact joint was then in the near-failure condition at
the point where the test stopped. It can thus be examined for the

Figure 3. EBSD a,c) phase and b,d) inverse pole figure (IPF) maps for the interface region between (a,b) Ag155 and machined 316LSS and (c,d) Ag155
and AM 316LSS.

www.advancedsciencenews.com www.aem-journal.com

Adv. Eng. Mater. 2025, 2500323 2500323 (4 of 8) © 2025 The Author(s). Advanced Engineering Materials published by Wiley-VCH GmbH

 1
5

2
7

2
6

4
8

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://ad
v

an
ced

.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/ad

em
.2

0
2

5
0

0
3

2
3

 b
y

 U
N

IV
E

R
S

IT
Y

 O
F

 S
H

E
F

F
IE

L
D

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [0

3
/0

6
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se



presence of any build-up of internal damage prior to separation;
such intact joints are used later in this work to produce images in
Figure 7a,c. To resolve the shear strength from the measured
failure load, a value for the joint area is needed. In this work,
samples were verified after manufacture to ensure that filler
metal was visible along the complete circumference of each joint,
signaling that the braze has flowed through the entire joint gap.
Note that this does not imply that the joint is entirely filled: Some
joint porosity is common in brazing and was observed here (as
shown on the fracture surfaces in Figure 5, discussed later). To
compute the apparent shear strength of the braze, the maximum
total force applied was divided by the total area of both joints.
This gives the average shear stress that was applied on either
of the two joints at the moment the weaker joint failed. Doing
so neglects the influence of edge effects and that of any large-
scale pores within the braze (which reduce the effective braze
surface area). Braze failure shear stress values reported here
are, thus, lower-bound estimates of the local strength of a fully
brazed joint and will tend to be lower than the average that might
be assessed by other means using a smaller joint area. It is also
noted that during testing, joint failure did not consistently occur
on the same side of the specimen, indicating that failure is not
related to any misalignment in the testing rig.

Figure 4 shows the relationship between the force applied and
displacement recorded at several temperatures. As seen, the
slope of the curves for all the datasets is the same, regardless
of temperature, suggesting that there is little plastic deformation

or internal damage in the braze alloy prior to failure, and that the
measured displacement is initially dominated by the overall load
strain compliance. Up to 200 °C, the shear failure strength
remains relatively unchanged, noting that apart from the tests
at room and 500 °C, repeat samples were not tested, and while
the trends in the results appear relatively clear, it is possible that
specific features of the joints made, such as defects, have affected
the results. It must also be noted that the failure strength, rather
than the yield stress, was used in the analysis as the equipment
was not fitted with an extensometer to accurately identify the
strain within the braze of each sample. Therefore, the margin
of error in the estimation of a yield stress was deemed too large
for it to be of use.

Macroscopic images of the fracture surface on the AM side of
the joint are shown in Figure 5 for each test temperature. The fact
that the samples failed in shear is likely to have caused mutual
rubbing of fracture surfaces and obscured features of the fracture
surface, such as signs showing the crack path or initiation site;
however, these fractographs provide evidence of a change in
mechanism with elevated temperature. At temperatures up to
200 °C, there is some filler material present at the surface
(i.e., the failure has not happened along the interface between
filler and AM 316LSS), and evidence of macroscale ductility
can be observed in the filler, with directional plastic deformation
visible across the surface. At higher temperatures, the failure
tends to occur between the filler and one or other of the
316SS sides of the joint, and evidence of brittle fracture is found,
where the interface appears featureless (other than the observa-
tion of occasional defects, such as millimeter-scale porosity, the
presence of which is typical in brazed joints; this arises during
processing). SEM images of the ductile region of the filler metal
at the fracture surface are shown in Figure 6a,b. The ductile
behavior of the filler is evidenced in each micrograph by the pres-
ence of microvoid coalescence. Up to 200 °C, there is evidence of
shear tearing, consistent with increasing ductility with rising
temperature. For 20 °C (and also, slightly less visibly, at 200 °C),
the separation between dimples observed is consistent with the
microstructural features of the braze alloy, where a Cu-rich phase
and eutectic regions, both roughly 20 μm wide, are present
within an Ag-rich matrix, as shown in Figure 2.

At 250 °C and above, the fractured surface displays macroscop-
ically a more varied failure mode, with a decreasing proportion of
ductile failure surface as the test temperature increases, as seen
in Figure 5. At 250 °C, failure occurs at the interfaces between the
filler metal and the 316LSS surfaces, with the fracture transition-
ing between the AM 316LSS/Ag155 filler interface on the left and
the machined 316LSS/Ag155 filler interface on the right of the
image in Figure 5. From 300 °C to 500 °C, Figure 5 shows that the
joint fractography has few features beside the pores that formed
during the furnace brazing process within the filler metal. The
flat surfaces represent brittle interfacial failure, which occurs
between the machined (for joints tested at 300 °C and above)
316LSS and the Ag155 filler metal. Overall, the fractured surfaces
show a clear change in failure mechanism, from ductile up to
200 °C, to a brittle interfacial failure at higher temperatures.
This in turn correlates with the distinct drop in strength that
is seen past 200 °C in the mechanical testing data (Figure 4b).
Data suggest a linear trend, although being based on single sam-
ples at each temperature apart from 500 °C, the trend must be

Figure 4. a) Force applied versus displacement for various temperatures
tested and b) individual data points for shear strength at failure versus
temperature for all samples tested.
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viewed as tentative. We also note that the three samples at 500 °C

show good consistency in the results, given the level of superim-
position of data points on the graph. The oxidation visible post-

testing in the 300 °C to 500 °C joints (as a discoloration on the
fracture surface) is likely a result of the fracture surface being

exposed to air post failure at the elevated temperatures and is
thus most likely an effect, rather than a cause, of fracture.

Supporting evidence for this is that i) this discoloration was

not observed with samples tested at lower temperatures and

ii) tests were short and failure was sudden, making it unlikely
that crack propagation was driven by a slow chemical crack-tip

process such as oxidation.
Variations in the failure mechanism as the temperature

increases from 20 to 500 °C are further documented in the

SEMmicrographs in Figure 6a–f, which focus on the failure sur-
faces that are seen when fracture occurs at the interface between

Figure 5. Photographs of the fractured surfaces taken of the AM 316LSS side of the joint after failure for all temperatures measured. All images show the
full 7.5 mm diameter of the specimen. Black circular regions are pores that formed during the furnace brazing process and are typical for such joints.
While such defects are candidates for the sites of crack initiation, due to the way the surfaces move past each other during testing, detailed analysis of the
crack path and identification of crack initiation sites is not possible.

Figure 6. SEM images of the post-failure surfaces at various temperatures. Fracture normally occurs close to the interface between the brazing filler metal
and one or other of the stainless steel cylinders, and images have been selected to show different sides of these fracture surfaces; the Ag155 side of the
fracture surface at a) 20 °C, b) 200 °C, c) 500 °C, and the 316LSS side of a fracture surface (with all examples taken from the machined side of the joint for
consistency; this side was the most common, but not exclusive, location for the failure to take place) at d) 20 °C, e) 200 °C, and f ) 500 °C.
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the machined 316LSS and the filler metal. At 20 °C, the fractured
surfaces appear ductile on both sides of the joint, with evidence

of plastic deformation present along the failure surfaces of both
the filler and the 316LSS side of the joint. Some degree of align-

ment of microvoids parallel to the polished grooves of the base

material is found in Figure 6a; likely this is a consequence of the
contrast in flow stress between the braze and stainless steel.

Localization of ductile deformation at this scale is also induced
by the two-phase microstructure of the Ag155 filler, consisting of

an Ag-rich phase and a phase containing a larger proportion of
Cu,[1] with the more highly pure Ag-rich phase likely to be the

more ductile.
At 200 °C, the increased ductility, seen in Figure 4a, results in

the elongation of the dimples along the shearing direction on

the braze side of the fracture surface, Figure 6b. At 500 °C, how-

ever, there is no sign of ductility visible along the fracture sur-
face, shown by a featureless surface in Figure 6c. The SEM

image in Figure 6c shows that the microstructure of the filler
metal, with the darker spots rich in Cu and the lighter matrix

rich in Ag, has essentially not been deformed during mechani-
cal testing at 500 °C. On the other side of the fractured joint

(Figure 6f ), there is no evidence of the presence of the filler

metal. This agrees with the macroscopic images in Figure 5,
which show brittle interfacial failure above 200 °C. As fracture

happens in the same region as the BCC phase occurs, it can be
questioned if there is a correspondence between the two, and

this can be investigated with examination of the joint cross
sections.

As previously mentioned, on the unbroken side, there is

also an equivalent joint which has nominally experienced iden-
tical loading, but for which unloading has occurred before

failure. These joints were also examined in cross section to

see what can be learned about the failure processes, with exam-
ple SEM micrographs shown in Figure 7. Figure 7a,b shows

samples tested at 20 °C and compares cross sections through
the full joint (showing the filler in the centre, and the 316LSS

at the top and bottom) on the side where the joint remained
intact in Figure 7a and the side where the joint was fully sepa-

rated in testing in Figure 7b. The microstructure within the

filler does not seem to be affected by the deformation. This sug-
gests that the plastic deformation seen in the 20 °C fracture sur-

face images is confined to the failure region and is not
distributed into the depth. It is visible from comparison of

Figure 7a,b that at 20 °C, the crack has followed a path situated

at, or near, the interface between the filler and the substrate.
The fact that the joint on the side that did not fail at this tem-

perature showed no signs of partial damage suggests that the
failure process started at a particular weak flaw on the failed

side of that sample.
After testing at higher temperatures, the braze structure

remained unchanged and did not show any orientation of the
structure, as would be expected to have been produced by exten-

sive plastic flow. Unlike at 20 °C, however, signs of damage in
both of the two joints were found. In the samples tested at

500 °C, the nominally intact joint after testing contained a crack
that had partially traversed the braze. Figure 7c shows a higher

magnification of this crack, including the material on both of its
sides, separation of crack sides having not occurred given that the

material remained connected out of the imaging plane (the filler

is in the top of the image and the 316LSS at the bottom). As seen,
the crack path is between the filler metal and what is visible of the

fine structured interfacial reaction zone, which was shown to be a
transformed, BCC structured, layer. As previously discussed, this

transformed layer forms from the 316LSS due to the elemental
migration (principally nickel) from the steel to the filler metal.

Whether the exact crack path corresponds to the original surface

of the 316LSS or to weakness along the interface between the
braze alloy and the BCC layer itself cannot be ascertained here;

however, the correspondence of the structural change in the
material with the brittle failure mode indicates that this change

in surface crystalline structure of the 316LSS along the interface
with the braze may be undesirable, at least for service under the

elevated temperature conditions (300–500 °C) where this behav-
ior was observed.

To close with a few remarks concerning the test procedure

adopted here, the present geometry of shear test specimen,

shown in Figure 1, was effective for these joints and could be
suitable for assessing the properties of other kinds of brazed

or soldered joints. As demonstrated, the design is compatible
with testing at elevated temperatures and is suitable for use with

developmental materials (fillers or substrates) given the small
sample sizes involved. Unlike some other existing tests used

for these purposes, the design offers the advantages of a symmet-

rical loading condition and a closer analogue to simple shear at
the joint, along with the ability to obtain, from a single sample,

both the fracture surfaces and an intact joint at a point just prior
to failure, by means of which internal damage processes can be

documented.

Figure 7. SEM images of the post-test Ag155 region on a) 20 °C near-failed joint compared with b) 20 °C failed joint, still attached to the AM 316LSS, and
c) 500 °C near-failed joint which was still attached out of plane.
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4. Conclusions

In this work, the strength with temperature of a typical brazed
joint between AM and machined 316LSS has been examined.
Noting that, apart from tests at 20 °C and 500 °C, single samples
only are examined at each temperature, the results indicate a sig-
nificant effect on the joint strength. More specifically, there is a
transition in fracture mode and strength past 200 °C. Below
200 °C, the failure strength does not appreciably decline, with
shear strength of the braze exceeding 200MPa. Above 200 °C,
the joint strength is found to decrease with increasing tempera-
ture, in a generally linear fashion from ≈200 to 50MPa between
200 and 500 °C.

An FCC to BCC transformation of the iron-based material
occurs at the interface between the joint and the substrate, simi-
lar to what has been documented after brazing austenitic stain-
less steel using a CuGeNi braze alloy. The formation of this layer
can be attributed to the migration of (austenite-stabilizing) nickel
from the steel into the copper-based braze during the joining
operation. At 500 °C, brittle failure of the brazed joints occurs
along the interface between this layer of BCC crystals and the
braze alloy. Although there is no direct evidence that this
BCC layer is the cause of the failure, its presence might cause
the observed transition in fracture mode and braze strength past
200 °C, which should be viewed as a maximum operating tem-
perature for brazes of the type investigated here.

In carrying out the investigation, a new geometry of shear test
specimen, giving symmetrical loading, and suitable for relatively
small joint sizes, has been shown to be suitable for the testing of
brazed joints of the kind examined here, including for elevated
temperature testing and allowing the observation of fracture sur-
faces and an intact joint near to the point of failure.
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