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ABSTRACT.  Air brazing is a new method
of joining in which a predominantly metal-
lic joint is formed directly in air without
need of an inert cover gas or the use of a
surface reactive flux. Prior work has shown
that the resulting bond displays excellent
strength, is inherently resistant to oxida-
tion during high-temperature application
(T ~750°C), and offers long-term her-
meticity at high temperatures when em-
ployed as a gas- or liquid-tight sealant. Be-
cause of these properties, air brazing is
being considered for use in fabricating a
variety of high-temperature devices, in-
cluding planar solid oxide fuel cells
(pSOFCs), oxygen and hydrogen gas sep-
arators, and boiling water pH sensors.
However, many of these devices require a
two-step sealing process. For example, in
pSOFCs, the ceramic electrolyte mem-
brane is first sealed to a metallic
frame/separator plate to form a cell or re-
peat unit. These are then joined together
in a second sealing step to build the final
pSOFC stack. In order to preserve the in-
tegrity of the membrane-to-frame seals
formed during cell fabrication, it is impor-
tant that the corresponding sealing mate-
rial does not melt or soften during stack
sealing. The goal of the study presented
here was to investigate the addition of pal-
ladium as a melt point elevator for a series
of silver-copper oxide air braze filler met-
als and thereby produce a composition
that could conceivably be used in the first
part of a two-step air brazing process, with
a lower melt point binary air braze com-
position employed in the second. 

Introduction

One of the key issues in designing and
fabricating high-temperature, pO2 gradi-
ent-based electrochemical devices such as
planar solid oxide fuel cells (pSOFC)
stacks and oxygen concentrators is to en-
sure hermetic sealing between adjacent
metal and ceramic components. Depend-
ing on the specific application, the seal
may be exposed to an oxidizing and/or re-
ducing atmosphere at an operating tem-
perature of 650° to 800°C and experience
numerous thermal cycles, but must still re-
tain its hermeticity, mechanical rugged-
ness, and chemical stability over the life-
time of the device, which is typically
greater than 25,000 hours. At present
there are several accepted methods of
sealing the stack components (Refs. 1–4).
However, none of these fully meets the de-
sign requirements of stack builders. We
have recently developed a new method of
joining referred to as air brazing that, like
glass sealing, can be conducted directly in
air and forms a hermetic seal that is resis-
tant to oxidation (Ref. 5). 

Air brazing employs a filler metal that
consists of a molten oxide dissolved in a
liquid noble metal solvent,  which serves to

prewet the ceramic substrate faying sur-
faces during melting and thereby enhance
adhesion and joint strength. There are a
number of metal oxide-noble metal sys-
tems that can viably be considered, in-
cluding Ag-CuO, Ag-V2O5, and Pt-Nb2O5
(Ref. 6).  In particular, the Ag-CuO sys-
tem has shown promise in high-tempera-
ture electrochemical applications and has
been investigated for potential use in seal-
ing oxygen and hydrogen gas separation
membranes (Refs. 7, 8), as well as pSOFCs
(Ref. 9).  However, one of the complica-
tions in fabricating a multicomponent de-
vice such as a pSOFC stack is that a se-
quential series of joining/sealing steps is
often required; i.e., the initial seal will be
reexposed to a temperature that will
soften it. 

An example of this is the pSOFC win-
dow frame concept shown in Fig. 1A, B. In
this design, the metallic window frame,
metal separator plate, and ceramic cell
form a unit or cassette that is repeated
throughout the SOFC stack. The frame af-
fords an easy and reliable means of gas
manifolding within the stack and its geom-
etry establishes a uniform gap for air flow
across the cathode. Typically two seals are
employed, one between the cell and win-
dow frame/separator plate assembly to
form the cassette and a second seal be-
tween each cassette within the stack. The
initial window frame seal should have a
sufficiently high solidus temperature (or
softening point in the case of glass) that it
will not remelt or lose integrity at the tem-
perature employed in the subsequent
stack sealing step. Prior experience has
shown that by selecting the proper Ag-
CuO filler metal composition (Ref. 5) air
braze sealing can be reliably performed at
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temperatures as low as 970°C (Ref. 5). The
successful introduction of a melting point
elevator, such as palladium, that could
raise the solidus temperature ~50°–100°C
above that of the Ag-CuO binary would
establish a second, higher temperature
filler metal and thereby allow air brazing
to be conceivably employed in both seal-
ing operations. Of course, this assumes
that ternary alloying will have little effect
on filler metal wetting or on the strength
of the resulting joint. Thus the present
study was undertaken to examine these ef-
fects and determine whether a high-tem-
perature, Pd-modified air braze filler
metal could be sucessfully developed for
eventual use in a two-step air brazing
process.

Experimental

The filler metal compositions investi-
gated in this study were formulated by
adding varying amounts of copper powder
to a 15 mol-% Pd:85 mol-% Ag metal 
powder mixture. The copper oxidizes to
CuO during the air brazing process (Ref.
10). Thus, the compositions of the result-
ing filler metals can be generically 
described by the following formula:
(Ag0.85Pd0.15)1–x(CuO)x. Fine powders of
silver (99.9%, 0.5–1.0 μm average particle
size; Alpha Aesar), copper (99%, 1.0–1.5
μm average particle size; Alpha Aesar)
and palladium (99.9+% pure, submicron;
Aldrich) were weighed out in the appro-
priate ratios, ball-milled in ethanol for 24
h and air dried. Differential scanning
calorimetry (DSC) was performed on 2-
mm-diameter pellets (pressed from ap-
proximately 5–10 mg of each powder mix-

ture) using a Netzsch calorimeter (Model
STA 449C Jupiter) equipped with a high-
temperature furnace. The experiments
were performed at a heating rate of
10°C/min under dry flowing air (10
mL/min).

A sessile drop study was conducted to
examine the effect of composition on filler
metal wettability. The pellets used in these
experiments were uniaxially pressed from
approximately 0.84 g of each braze pow-
der mixture in a 7-mm-diameter die to
form pellets approximately 7mm in height.
Each pellet was placed in the center of a
32-mm-diameter yttria-stabilized zirconia
plate (polycrystalline YSZ containing 8
mol-% Y2O3; CoorsTek) that had been
polished to a –3-μm finish. As shown in
Fig. 2, the melting and wetting behavior of
the braze pellets were recorded in-situ via
high-speed video through a quartz viewing
port built into the air box furnace in which
they were heated. The samples were
heated at 50°C/min to 900°C, at which
point the heating rate was reduced to
10°C/min, then heated to three 10-min
isothermal holds: 1150°, 1200°, and
1250°C. Frames from the final seconds of
each 10-min dwell were captured from the
video camera and converted to computer
images using VideoStudio6™ (Ulead Sys-
tems, Inc.) video editing software. The im-
ages were then imported into the Can-
vas™ graphics software package (version
9.0.1, build 689; Deneba Systems, Inc.) to
carry out measurements of contact angle
between the filler metal droplet and YSZ
substrate.

Joint strength measurements were
conducted by four-point bend strength
testing. The test specimens were prepared

from ~5.5-mm-thick rectangular YSZ
plates that were fabricated via the follow-
ing steps: 1) formation of YSZ compacts
by uniaxially pressing 33 g of YSZ powder
(99.99%; Alfa Aesar) in a 32 × 64-mm die
at 25 MPa, 2) isostatic densification of the
compacts at 135 MPa, and 3) sintering of
the compacts at 1450°C for 1 h to form
99+% dense plates. After sintering, one of
the long, thin edges of each plate was pol-
ished to a –3-μm finish to yield a flat fay-
ing surface. Braze paste consisting of 70
wt-% filler metal powder mixed with a
polymer binder (B75717, Ferro Corp.)
was screen printed on this surface. Two
plates were then mated along these
printed edges and fixtured using a set of
steel clips. Fifty-μm-thick Ferralloy shims
were placed at either end of the joint to
maintain a uniform gap thickness and
thereby ensure consistent four-point bend
test results. The final assembly was brazed
in air at 1150°C for 30 min. 

Once joined, the resulting 64 x 64-mm
plates were ground to a thickness of 4 mm
and cut into bend specimens measuring 3
mm wide such that the brazed joint was
centrally located in each. The bottom of
each bar was chamfered to eliminate cut-
ting flaws along the edges to be exposed to
tensile stresses during testing. The inner
and outer spans used in four-point bend
testing measured 20 and 40 mm, respec-
tively. A Bionix 400™ (MTS Systems
Corp.) test stand applied the flexural load
to each sample at a machine head rate of
0.5 mm/min and the loads up to and at the
point of failure were recorded using the
TestWorks™ v3.10 (MTS Systems Corp.)
materials testing software package sup-
plied with the instrument. To obtain sta-

Fig. 1 — Schematics. A — The cell-to-frame pSOFC cassette design (exploded view); B — the pSOFC stack. 
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tistically significant data, a minimum of six
specimens were tested for each filler metal
composition, each machined from the
same brazed plate assembly. An equiva-
lent set of specimens was fabricated,
mounted, cross-sectioned, and polished to
a finish of –3 μm to conduct microstruc-
tural examination of the joints. Analysis
was carried out using a scanning electron
microscope (JEOL JSM-5900LV)
equipped with an Oxford energy-disper-
sive X-ray analysis (EDX) system that em-
ploys a windowless detector for quantita-
tive detection of both light and heavy
elements.

Results and Discussion

DSC Measurements

Because of the high cost of palladium,
an initial series of DSC measurements was
conducted to identify the minimum con-
centration that would yield a solidus tem-
perature sufficiently higher than the liq-
uidus temperature of the standard binary
filler metal, Ag-4CuO (Tliq ~ 970°C).
Listed in Table 1 are the results from con-
firmatory DSC runs conducted on a series
of Pd-Ag binary compositions. The find-
ings agree reasonably well with those from
a prior study by Karayaka and Thompson
(Ref. 11).  Based on these results, it was de-
cided that the experimentally measured
solidus temperature of 1019°C for 10 mol-
% Pd in Ag might not be high enough to
ensure its integrity during a subsequent
braze firing typically at a suitable super-
heated temperature using the lower melt-
ing Ag-4CuO filler metal, particularly
when the effects of the ternary CuO addi-
tion on the melting are taken into account.
On the other hand, the 90°C temperature
buffer offered by the 15 mol-% Pd in Ag
composition was judged to be an accept-

able balance between material cost and
braze temperature differential. Thus this
system (15PdAg) was selected for further
analysis as the base alloy to which varying
amounts of CuO were added to enhance
wettability.

Plotted in Fig. 3 and recorded in Table
2 are the onset and completion tempera-
tures for melting (or approximate solidus
and liquidus boundaries, respectively) for
the (15PdAg)-CuO series of filler metal
alloys, as determined by DSC. Included
for reference are the liquidus and solidus
temperatures for the binary filler metals.
It was found that filler metals containing
CuO concentrations greater than 8 mol-
% reacted with the thin alumina DSC cru-
cibles. Therefore, the data taken on these
alloys are not included in the figure. Note
that both the liquidus and solidus tem-
peratures of (15PdAg)-CuO decrease
monotonically with CuO addition. A sim-

ilar phenomenon was reported for the
(25PdAg)-CuO and (50PdAg)-CuO sys-
tems (Ref. 12).  As shown in Fig. 4, a com-
parison of the solidus line for the
(15PdAg)-CuO system (where incipient
melting begins) and the liquidus line for
the Ag-CuO binary system (where melt-
ing is complete) indicates that the low
CuO compositions offer the largest tem-
perature differential around which a
practical two-step brazing process can be
developed.

Sessile Drop Experiments

During the in-situ sessile drop experi-
ments it was found that once fully molten,
all of the test specimens (i.e., all filler
metal compositions) reached their equi-
librium shapes almost immediately upon
reaching the given soak temperatures;
never taking more than 60 s to equilibrate.

Table 2 — Effect of CuO-Content on the Melting Temperatures of 15Pd-85Ag Alloys

CuO- Melting of
Content Minority Phase Melting of Major Phases
(mol %) Onset (°C) Onset (°C) Completion (°C)

0 n/a 1060 1103
1 983 1036 1089
2 983 1036 1084
4 983 1031 1074
8 983 1039 1076
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Fig. 2 — The experimental setup employed in the sessile drop wetting studies. A — A schematic; B — a view of the lab equipment.

Table 1 — Experimental Melting Temperatures as Measured by DSC and Compared to 
Literature Values

DSC Melting Temperatures Karayaka and Thompson
Composition Solidus (°C) Liquidus (°C) Sodidus (°C) Liquidus (°C)
10 mol % Pd in Ag 1019 1052 1030 1060
15 mol % Pd in Ag 1060 1103 1065 1100

A B
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The results of the sessile drop experiments
are plotted as a function of CuO content
in Fig. 5. The contact angles of the
(15PdAg)-CuO alloys decrease with in-
creasing copper oxide concentration, an
indication of improved wettability on
YSZ. By strict definition, the composition
containing 1 mol-% CuO is nonwetting;
i.e., it exhibits a contact angle that is ob-
tuse (i.e., >90°). True wetting is first ob-
served in samples with 2 mol-% CuO and
wetting rapidly improves with CuO addi-
tion up to a concentration of ~4 mol-%,
beyond which contact angle continues to
decrease by a more gradual amount. In
general for these filler metal composi-
tions, contact angle was found to be in-
variant with temperature. 

Macroscopic cross-sectional images of
the sessile drop samples, of the type shown

in Fig. 6, reveal a
distinct darkened
region that extends
from the bottom of
the sessile drop into
the YSZ substrate

for alloys containing at least 16 mol-%
CuO. It was at these higher CuO concen-
trations (>8 mol-% CuO) that the alumina
crucibles used in the DSC measurements
also displayed signs of an apparent sub-
strate reaction. Prior work with Al2O3 sub-
strates, including XRD evaluation and mi-
croanalysis, indicated that CuAlO2 forms
as the dominant reaction product (Ref. 8).
Close inspection of the 4 and 8 mol-%
CuO specimens also reveals a thin, faint re-
gion of discoloration present in the adja-
cent YSZ. Although we initially suspected
reaction between the YSZ and CuO, EDX
analysis of these specimens surprisingly
shows no detectable levels of copper or
other diffused species that can account for
the color change in the YSZ. However, as
will be discussed, some roughening of the

original polished YSZ faying surfaces is
apparent from microstructural analysis,
suggesting a small amount of YSZ  erosion
dissolution in the filler metal.

Four-Point Bend Tests

Plotted in Fig. 7 as a function of CuO
content is the average flexural strength of
a series of (15PdAg)-CuO joined bend bar
specimens. In general, specimens joined
using the Pd-containing ternary filler met-
als are weaker than their analogous binary
counterparts. However, the trend in joint
strength with filler metal composition is
strikingly similar. In both families of filler
metals, compositions containing between
4 and 8 mol-% CuO exhibit measurably
stronger YSZ joints than did other com-
positions. As has been previously re-
ported, this is due to a balance between
wettability and adhesion, which improves
with increasing CuO content and con-
tributes to joint strength, and interfacial
segregation of CuO, which also increases

Fig. 3 — Endothermic peaks measured in various (15PdAg)-CuO filler metal
compositions. The DSC traces were recorded as the samples were heated in air
at a rate of 10°C/min.

Fig. 4 — Plots of the liquidus temperatures for the Ag-CuO series of filler met-
als and the solidus temperatures for the (15PdAg)-CuO series of filler metals
as a function of CuOx content.

Fig. 5 — Contact angle between YSZ and (15PdAg)-CuO plotted as a function
of copper oxide concentration at three different temperatures.

Fig. 6 — Examples of darkening in the YSZ substrates in various sectioned ses-
sile drop specimens. A — 15PdAg; B —  (15PdAg)-1CuO; C — (15PdAg)-
2CuO; D — (15PdAg)-4CuO; E — (15PdAg)-8CuO; F — (15PdAg)-16CuO;
G — (15PdAg)-34CuO; H — (15PdAg)-69CuO. All samples were heated to a
final soak temperature of 1250°C.
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with increasing copper oxide concentra-
tion but leads to reduced joint strength
due to higher residual stresses at the sub-
strate/filler metal interface (Ref. 5).

Microstructural Analysis

The SEM images collected in this study
are divided into two groups. Shown in Fig.
8 are cross-sectional micrographs of bend
bar specimens that were brazed using
(15PdAg)-CuO filler metals containing
(A) 0, (B) 2, and (C) 8 mol-% CuO. These
are the filler metals that did not exhibit
signs of reaction with the adjacent ceramic
substrates during DSC analysis or brazing.
Shown in Fig. 9 are cross-sectional micro-
graphs of samples joined using palladium-
silver filler metals modified with (A) 16,
(B) 34, and (C) 69 mol-% CuO. These
specimens are those in which the YSZ had
noticeably darkened, presumably due to a
reaction between the ceramic and adja-
cent filler metal; although as will be dis-
cussed, no obvious direct evidence of such
a reaction could be found.

The micrograph shown in Fig. 8A is of
a joint prepared using a 15PdAg filler
metal containing no copper oxide. Al-
though the joint appears to be well-
formed in this particular image, a number
of large-scale voids (some measuring hun-
dreds of microns in size) were found to be
present, ostensibly due to the lack of wet-
ting between this filler metal and the YSZ
(as indicated in Fig. 5). This phenomenon
raises concerns about the ability to form a
hermetic seal using this material and un-
doubtedly was the key contributing factor
in producing the weakest set of joints in
the study. EDX analysis revealed no evi-
dence of reaction between the Ag-Pd alloy
and the YSZ.

Figure 8B is repre-
sentative of the type of
microstructure ob-
served in bend bar spec-
imens joined using the
(15PdAg)-2CuO filler
metal. At this concen-
tration of CuO, the in-
terfacial energy be-
tween the molten filler
metal and the YSZ is
low enough that suffi-
cient wetting takes
place; i.e., the large-
scale voids found in the
binary 15PdAg speci-
mens are largely elimi-
nated.  However, with a
wetting angle of ~70
deg, wettability is still
poor enough that a se-
ries of small voids (mea-
suring on the order of
3–5 μm in size) form
along the YSZ/filler
metal interface. It is sus-
pected that these flaws
can serve as sources of
stress intensification
during tensile loading
(i.e., bend testing) and
ultimately lead to the initiation of cracks,
which may explain the relatively low aver-
age flexural strength measured in speci-
mens joined using this filler metal compo-
sition. Also apparent in this micrograph
are CuO precipitates both along the
YSZ/filler metal interfaces as well as
within the bulk of the joint. EDX analysis
of the YSZ to a depth of approximately 3
μm in-board of these interfaces indicates
no obvious signs of reaction between the
ceramic substrate and the filler metal.

The specimen shown in Fig. 8C was
brazed using a 15PdAg filler metal alloy
containing 8 mol-% CuO. Note the nearly
continuous layer of CuO present along the
two interfaces with YSZ. According to crit-
ical point wetting theory (Ref. 13),  when a
system consisting of two immiscible liquids
is placed in contact with a solid surface, the
liquid exhibiting the lower interfacial en-
ergy with that surface will tend to encap-
sulate the second liquid and thereby pre-
clude it from contacting the surface. A
similar phenomenon has been observed

Fig. 7 — Flexural strength of YSZ bars joined using (15PdAg)-CuO as a
function of CuO concentration.

Fig. 8 — Cross-sectional SEM micrographs (backscattered images) of
YSZ-YSZ joining specimens brazed using 15PdAg filler metals contain-
ing: A —  0 mol-% CuO; B —  2 mol-% CuO; C — 8 mol-% CuO. Braz-
ing was conducted in air at 1150°C for 30 min.
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with the Ag-CuO filler metals (Ref. 5). Al-
though phase equilibria in the Pd-Ag-CuO
system has not yet been completely de-
fined, an extensive liquid miscibility gap
does exist in the analogous Ag-CuO sys-
tem (Refs. 14, 15). Prior work on silver-
copper oxide filler metals containing low
concentrations of palladium (5 mol-% or
less) suggest that the original Ag-CuO mis-
cibility gap is retained, even as palladium is
added to the system (Ref. 10). That is, the
microstructure seen in Fig. 8C is indicative
of liquid-liquid phase separation occurring
in the molten (15PdAg)-CuO alloy during
brazing, followed by preferential segrega-
tion of that liquid, which is CuO-rich, to
the YSZ faying surfaces. Note in Fig. 5 that
between 4 and 8 mol-% CuO addition, the
wetting curve for the (15PdAg)-CuO series
of filler metal begins to flatten. In con-
junction with the microstructural evidence
in Fig. 8 B and C and the flexural strength
data in Fig. 7, there appears to be a critical
concentration of CuO within this range

that both promotes effi-
cient surface wetting
and mitigates the
buildup of interfacial
CuO, thereby optimiz-
ing joint strength. Once
again, EDX analysis of
the YSZ adjacent to the
joint interfaces showed
no evidence of reaction
or filler metal diffusion
into the underlying sub-
strate.
Optical inspection of

the joint formed using
Pd-modified filler metal
containing 16 mol-%
CuO revealed the dark-
ening of the YSZ sub-
strate evident in Fig. 6.
However, under SEM

investigation, EDX analysis of the YSZ in
the cross-sectioned brazed joint shown in
Fig. 9A again displayed no evidence of el-
ements other than the constituents in the
ceramic substrate. This suggests that the
impurity, presumably copper oxide, that
diffuses into the YSZ must be in a con-
centration low enough to be undetected by
EDX (i.e., within the limits of the instru-
ment) yet sufficient to alter the electronic
band structure of the YSZ and cause it to
absorb visible light rather than reflect it.
Like the (15PdAg)-8CuO sample, this
specimen also exhibits a joint microstruc-
ture that shows signs of liquid-liquid phase
separation, only with a greater amount of
CuO-rich liquid present that inevitably
leads to a thicker interfacial CuO layer.

The joint microstructures seen in Fig.
9B and C are those formed when
(15PdAg)-34CuO and (15PdAg)-69CuO
are respectively employed as filler metals.
In both cases, a significant amount of
CuO (dark contrast) and Cu2O (medium

contrast) are observed as segregated
phases in the bulk of the joint, along with
regions that are metal-rich (light con-
trast). These are the only joining speci-
mens in which the Cu2O phase is ob-
served. Note that in both specimens, there
is obvious roughening along the filler
metal/YSZ interface, which suggests
some dissolution of the YSZ substrate.
The morphology of the resulting YSZ in-
terface, rounded bumps, is consistent with
dissolution occurring more rapidly along
grain boundaries (i.e., higher energy in-
terfaces). Unfortunately, EDX measure-
ments did not indicate measurable levels
of zirconium in the adjacent filler metal
(notably the CuO phase), which would
support the above explanation. Addi-
tional work is needed to understand the
interactions between the Ag-CuO filler
metals and YSZ, particularly at high CuO
concentrations and high temperatures. 

It is also noted that there are voids pre-
sent along many of the interfaces separat-
ing the two oxide phases, which likely
formed due to differential volumetric con-
traction between the two brittle materials
upon cooling. Even with the presence of
these voids, the strengths of the resulting
joints are relatively high. This is likely due
to the “roughened” interfaces and greater
surface areas observed in these specimens.
The coexistence of Cu2O and CuO in
these specimens is not surprising given
that brazing was conducted at 1150°C.
CuO generally undergoes reduction to
Cu2O at temperatures above ~1045°C
and/or under subambient partial pres-
sures of oxygen. What is surprising is that
the copper oxide phases observed in the
other joints also brazed at 1150°C all ap-
pear to be uniformly composed of CuO,
based on EDX analyses. Additional phase
equilibrium analysis is needed to explain
why this occurs.

Fig. 9 — Cross-sectional SEM micrographs (backscattered images) of
YSZ-YSZ joining specimens brazed using 15PdAg filler metals contain-
ing: A —  16 mol-% CuO; B —  34 mol-% CuO; C —  69 mol-% CuO.
Brazing was conducted in air at 1150°C for 30 min.
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Conclusions

If the onset of melting were the only
factor to be considered in developing a
complementary filler metal for a two-step
air brazing process,  an alloy consisting of
15 mol-% Pd and 85 mol-% Ag, which
melts at 1060°C, would provide a reason-
able trade-off between cost and braze
temperature differential. However, this
material yields ceramic-ceramic joints
that display poor strength with interfacial
microstructures and are suspected to be
nonhermetic. It was found that the addi-
tion of a small amount of CuO is instru-
mental in improving the wetting charac-
teristics of the 15PdAg alloy relative to
YSZ and thereby forming joints with ac-
ceptable strength. Specifically it was
shown that:

1) The addition of 4–8 mol-% CuO to
15Pd-Ag will lead to optimal flexural
strengths, on the order of 90 MPa. This ap-
pears to be the CuO concentration range
that best promotes the formation of a con-
tinuous, thin, and adherent CuO interfa-
cial layer with optimal joint strength.

2) Brazing with these filler metal com-
positions can effectively be conducted at
temperatures slightly above 1075°C.

3) These compositions only begin to
remelt at temperatures above ~1030°C;
i.e., they are compatible with the standard
Ag4CuO air braze filler metal. 

4) For higher CuO filler metal concen-

trations, a more complex braze reaction
occurs with evidence of greater YSZ dis-
solution and the presence of both CuO
and Cu2O as segregated phases that dom-
inate the brazed microstructure. 
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Call for Papers

15th International Conference on the Joining of Materials

The 15th International Conference on the Joining of Materials (JOM-15) and the 6th International Conference on
Education in Welding (ICEW-6) Conference and Exhibition organized by the JOM Institute and supported by Dansk Metal,
Danish Welding Society, and DSL FORCE Technology, will be held May 3–6, 2009, Helsingør, Denmark.

A full technical program on welding technology and education and training will be conducted. The main topics are listed
below.

1) Recent developments in joining technology — welding, soldering, brazing, and projects, with the emphasis on industrial
applications, 

2) Welding quality — properties and environmental considerations,
3) Welding management and qualification of welding personnel.
The organizers cordially invite you to send a title of your presentation and a short abstract by October 15, 2008.

Notification of acceptance and author’s guidelines will follow after review of the abstracts by December 2008. Full papers
must be received by February 2009. Please send your name, address, title, and abstract to Alan Parnes (Dansk Metal);.
e-mail alan.parnes@danskmetal.dk. For further information about the conference, contact JOM, Gilleleje Strandvej, 28
DK-3250 Gilleleje. Denmark. Telephone: +45 48355458, e-mail jom _aws@post10.tele.dk.
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