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Titanium Scavenging in Ag-Cu-Ti 
Active Braze Joints 

The scavenging mechanism was studied by brazing joints 
with elemental Fe, Ni, and Co spacers 

BY P. T. VIANCO, J. J. STEPHENS, P. F. HLAVA, AND C. A. WALKER 

ABSTRACT. Poor hermeticity was ob- 
served for m1203-m1203 braze joints using 
a Fe-29Ni-17Co alloy spacer and Ag-Cu- 
Ti active filler metal. Titanium was scav- 
enged from the filler metal by formation 
ofa (Fe, Ni, Co)-Ti "lacework" phase. The 
scavenging mechanism was further stud- 
ied using braze joints made with elemen- 
tal Fe, Ni, or Co spacers• The Fe spacer 
caused development of FexTiy phases at its 
interface but allowed a significant TixO 
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layer to form at the Ag-Cu-TL/A1203 inter- 
face, resulting in 100% hermetic joints. 
The Co spacer caused a lacework phase 
and only intermittent TixOy reaction layer 
at the Ag-Cu-Ti/A1203 interface; 75% of 
the buttons were hermetic• The Ni spacer 
caused extensive scavenging of Ti, result- 
ing in an absence of a TixO. layer at the 
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Ag-Cu-Ti/AI20 3 interface and no her- 
metic joints• Braze joint mechanical 
strength correlated primarily with the 
presence or absence of the TixOy layer. 
The Fe, Ni, and Co spacer experiments 
suggested that lacework phase formation 
in Fe-29Ni-17Co/Ag-Cu-Ti joints was pri- 
marily a result of scavenging by the Ni and 
Co components of the spacer material. 
Mechanical strength behavior and poor 
hermeticity were commensurate with the 
absence of a TixOy reaction layer at the 
Ag-Cu-Ti/A1203 interface. An Fe or inac- 
tive metal barrier layer would provide a 
means to curtail the scavenging reaction. 

Introduction 

The properties of ceramic materials 
allow them to be suitable for applications 
from heat engines to electro-optical de- 
vices (Refs. 1, 2). Filler metal techniques 
(soldering and brazing) have been used to 
successfully join metals and ceramics• 
Metallization layers or active filler metals 
are required to promote the necessary 
wetting and spreading by the braze alloy 
over the ceramic surface (Ref. 3). 

P. T. VIANCO, J. J. STEPHENS, P. E HLAVA, 
and C. A. WALKER are with Sandia National 
Laboratories, Albuquerque, N.Mex. 

Thermal expansion mismatch between 
metals and ceramics can generate damag- 
ing residual stresses within the joint (Ref. 
4). Those stresses can be reduced by se- 
lecting a metal alloy having a thermal ex- 
pansion coefficient that closely matches 
that of the ceramic material• For example, 
the thermal expansion coefficient of the 
Fe-Ni-Co alloy, Kovar TM (Fe-29Ni-17Co, 
wt-%), is 6.2 ppm/°C (25-500°C) and is 
well matched to that of alumina (A1203), 
7-9 ppm/°C (Refs. 4-6). An active filler 
metal for metal-ceramic joining is the 
63.3Ag-35.1Cu-l.6Ti composition (Cusil 
ABA TM, Ref. 7). It is based upon the eu- 
tectic Ag-Cu alloy (72Ag-28Cu, Teut. = 
780°C) with Ti serving as the active ele- 
ment to promote wetting of the bare 
AI203 surface. 

A particular application required that 
two pieces of A1203 be joined together 
with an Fe-29Ni-17Co alloy interlayer or 
spacer between them. Test specimens, 
based upon the ASTM F-19 "tensile but- 
ton" configuration, were brazed with the 
Ag-Cu-Ti active filler metal. The proto- 
type braze joints exhibited satisfactory 
strength, but did not satisfy hermeticity re- 
quirements. Optical micrographs of the 
braze joint made at 850°C (1562°F) for 5 
min are shown in Fig. 1. A lacework struc- 
ture developed within the filler metal (Fig. 
1A). The layer ranged from 1-3/~m thick. 
No Ti-based reaction layer, designated 
TixO., formed at the Ag-Cu-Ti/A1203 in- 
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terrace - -  Fig. lB. By comparison, 
A203/A1203 braze joints made under the 
same process conditions, but in the ab- 
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sence of a Fe-29Ni-17Co spacer, exhibited 
no lacework phase in the filler metal (Fig. 
2A) and developed a 1.92-+0.38-/xm-thick 
TixOy reaction layer at the Ag-Cu- 
Ti/A1203 interfaces-- Fig. 2B. For this lat- 
ter case, a theoretical TixO thickness was 
calculated to be 1.7/zm at Yach interface, 
assuming a filler metal thickness of 51/zm 
and a TiO stoichiometry (Ref. 6). 

Electron microprobe analysis (EMPA) 
identified Fe, Co, Ni, Cu, and Ti in the 
lacework phase• Two compositional varia- 
tions were measured, one richer in Fe and 
the second richer in Ni. The Fe-rich com- 
position occurred when the lacework 
phase was located near the Fe-29Ni-17Co 
spacer. This case is represented by loca- 
tion A in the scanning electron micro- 
scope (SEM) photograph in Fig. 3 (back- 
scattered electron or BSE mode). When 
the phase was located further into the 
filler metal (location B), a Ni-rich com- 
position was observed. Electron micro- 
probe analysis determined the composi- 
tion of the Fe-rich phase to be (at-%) Ti, 
30%; Fe, 46%; Ni, 10.1%; Co, 12•2%; Cu, 
1.2%; and Ag, 0.5%. The Fe, Co, Ni, and 
Cu elements were combined and com- 
pared against the Ti content. (Silver was 
assumed to have had little role in the 
phase composition•) The Ni, Co, and Cu 
concentrations were normalized to the Fe 
content (that is, the Fe concentration 
equaled unity). The resulting stoichiome- 
try was (Fe 1.0Ni0.23Co0.27 Cu0.03)2.3Ti. The 
composition of the Ni-rich sublayer was 
Ti, 24%; Fe, 6.7%; Ni, 48.4%; Co, 8.4%; 
Cu, 12.3%; and Ag, 0.2%. Normalized to 
the Ni content, this composition was rep- 
resented as (Fe0.14Nil.0Co0.17Cu0.25)3Ti. 

The EMPA evalua[ion detected only a 
slight, intermittent Ti signal at the Ag-Cu- 
Ti/A120 3 interface, confirming the ab- 
sence of a significant TixOy reaction layer• 
Also, there was no appreciable Ti remain- 
ing within the filler metal• 

The above analyses suggest the follow- 
ing scenario. The scavenging process 
began by the Ti component of the filler 
metal reacting at the Fe-29Ni-17Co spacer 
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Fig. 1 - -  A - -  Optical micrograph o/'an AI 20~/dl 20 ~ joint made with a Fe- 29Ni-17Co spacer showing the lacework phase. The.rifler metal was the Ag-Cu- Ti 
alloy; B - -  high-magnification optical micrograph o f  the Ag-Cu-Ti/Al203 interface confirming the absence o f  a TixOy reaction layer. The process conditions 
were 850°C and 5 min. 
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Fig. 2 - - A  - -  Optical micrographs of  the A l2OSAl20~joint made with Ag-Cu-Ti filler metal (no spacer). The filler metal was the Ag-Cu-Ti alloy. No lace- 
work phase was present; B - -  high-magnification optical micrograph o f  the Ag-Cu-Ti/AI203 interface showing a thick TixOy reaction layer. The process con- 
ditions were 850°C and 5 min. 

interface, forming the Fe-rich lacework 
phase. Then, the lacework phase devel- 
oped further, becoming Ni-rich and sepa- 
rating from the Ag-Cu-Ti/Fe-29Ni-17Co 
interface. It remained located in the 
molten braze alloy through solidification. 
These reactions prevented Ti from diffus- 
ing to, and reacting at, the Ag-Cu- 
Ti/AI203 interface. 

A similar scavenging reaction was 
observed by Hahn, Kim, and Kang 
for AI203/Fe-38.2Ni- 13.0Co-4.7Nb- 1.5Ti- 
0.03AI (Inconel 909 TM) braze joints made 
with the same Ag-Cu-Ti filler metal (Refs. 
8, 9). The layer contained Fe, Ni, Co, and 
Ti and was located along the Ag-Cu-Ti/Fe- 
Ni-Co interface. A thin reaction layer 
formed at the Cu-Ag-Ti/AI203 interface, 
containing Ti as well as traces of Fe, Ni, 
and Co. No quantitative compositional 

determinations were made by the authors. 
Wielage, Podlesak, and Klose exam- 

ined a reaction layer that formed between 
the Ag-27Cu-3Ti filler metal and an Fe- 
Ni-Co alloy substrate (Ref. 10). A mean- 
dering, lacework reaction layer was lo- 
cated near the substrate interface. Two 
compositions were recorded. The approx- 
imately 1-/xm-thick layer closest to the Fe- 
Ni-Co base alloy had the stoichiometry 
(at-%) of Ti, 26%; Fe, 48%; Ni, 11%; Co, 
15%; there was no appreciable Cu or Ag 
content. The second composition (of the 
approximately 2-/xm-thick layer) had the 
stoichiometry (at-%): Ti, 22%; Fe, 13%; 
Ni, 47%; Co, 10%; Cu, 8%; there was no 
appreciable Ag in this phase. Both com- 
positions are very similar to those ob- 
served in the present study. 

In the study described here, the scav- 

enging process that occurred between the 
Ag-Cu-Ti active braze filler metal and the 
Fe-29Ni-17Co metal alloy was further 
studied by evaluating AI20 3 to AI203 
braze joints made with the same Ag-Cu-Ti 
filler metal, but using 100% Fe, Ni, or Co 
spacers in place of the Fe-29Ni-17Co 
alloy. The objective was to determine the 
extent to which each the three primary el- 
ements in the a l loy--  Fe, Ni, or Co - -  had 
a role in the scavenging process. The spe- 
cific information gathered in this study 
would be of value to design engineers 
wishing to use active braze alloys to join 
ceramics to this and other Fe-, Ni-, or Co- 
containing metal alloys. These data also 
demonstrate the magnitude of potential 
interactions that can occur in the complex 
materials systems that characterize metal- 
ceramic braze joints. After all, some de- 
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Fig. 3 - -  Scatming electron micrograph (hack-scattered eA,ctron or BSE) 
showing the lacework phase in the Fe-29Ni-17Co/Ag-Cu- Ti/Al203 braze 
joint and the two locations A and B evaluated by EMPA. 

Fig. 4 - -  Stereo photograph of  the ASTM-F19 tensile button specimen. 
The spacer can be observed between the two AIeO 3 parts. 

gree of base metal dissolution occurs in 
nearly all brazed joints. Moreover, the fact 
that the active element (Ti), which has 
such a crucial role in the successful per- 
formance of the joint, is present at such 
low concentrations implies that it being 
scavenged can significantly impact the 
performance of the braze joint. 

Experimental  Procedures 

Test Specimens 

The alumina substrates were obtained 
in the ASTM F19 "tensile button" config- 
uration and made of Wesgo TM AL500 alu- 
mina (Ref. 11). The specimen is shown in 
Fig. 4. The buttons were air fired at 1575°C 
for two hours prior to the brazing cycle. 
The Fe, Ni, and Co spacers were punched 
from sheet stock. The Ni-spacer thickness 
was 0.127 mm (0.005 in.) while the thick- 
nesses of the Fe and Co spacers were 0.254 
mm (0.010 in.). The surfaces were de- 
greased prior to assembly. The braze joint 
was constructed by placing a spacer be- 
tween the minor diameters of two A1203 
buttons. Then, a 54-/xm (0.002-in.) -thick 
foil of the 63.3Ag-35.1Cu-l.6Ti (Cusil 
ABA TM) filler metal was located at each of 
the two Fe-29Ni-17Co/AI203 junctures. 

Process Parameters 

The braze joints were fabricated in a 
resistance furnace according to the fol- 
lowing general furnace schedule: 

25°C-730°C; 10°C/min ramp 
730°C, 15 min hold 
730°C-T.; 5°C/min ramp 
T ,  t hold 
TP-~30°C, 10°C/min ramp 
7~0°C-25°C, furnace cooling ramp. 
The peak temperature / t ime (Tp/t.) 

• • o o ~ '  combinations were 850 C (1562 F), 5 mm 
and 900°C (1652°F), 10 min. An Ar partial 
pressure of 1.0-1.5 torr atmosphere was 
used during the brazing processes. 

Sample Analysis 

Upon completion of the fabrication 
step, each braze joint was evaluated for 
hermeticity using commercial He leak de- 
tection equipment. A joint was considered 
to be hermetic when the leak rate was less 
than 10 -9 atm-cc/s. 

The tensile strength of the braze joints 
was measured. Testing in tension was pre- 
ferred to a shear test because of its greater 
sensitivity to the overall microstructure of 
the filler metal joint, which includes the 
base material, the filler metal, the reaction 
layers, and the interfaces between these 
various structures. By comparison, a great 
deal of this information is lost in a shear 
test. For example, the localized shear 
stresses do not as readily reveal the sus- 
ceptibility of interfaces to failure. Also, 
the fracture surfaces can be severely de- 
graded as the surfaces slide past one an- 
other. It was understood that tension test- 
ing of a filler metal joint will produce a 
greater data scatter. So, particular care 
was taken to minimize variations due to 
experimental technique. Finally, it is im- 
portant  to document the tensile 
strength/fracture behavior of these braze 
joints because they will be exposed to ten- 
sile stress in engineering applications, ei- 
ther through an applied load or by resid- 
ual stresses. 

The strength of the braze joints was 
measured on a servo hydraulic load frame 
using a crosshead displacement rate of 10 
mm/min. A minimum of three tensile but- 
ton samples were tested per experimental 
condition. The maximum tensile load was 
converted to a maximum tensile stress; an 
overall strength value was represented as 
the mean and + one standard deviation of 
the individual test. The fracture surfaces of 
each sample were examined for the extent 
of the failure modes that were present. 

The thickness of the TixO. reaction 
layer was measured at (he filler 
metal/A1203 interface. The measure-  

ments were made from 1000× optical mi- 
crographs. Six measurements were per- 
formed from a minimum of two separate 
micrographs. The data were represented 
as a mean and _+one standard deviation. 

Electron microprobe analysis (EMPA) 
was used to investigate distribution of ele- 
ments within the braze joints. The appro- 
priate materials standards and calibration 
practices were followed prior to each 
analysis. The EMPA traces were compiled 
from spot analyses taken at 1-tzm incre- 
ments across the braze joints, perpendicu- 
lar to the interface. Fourteen such traces 
were performed per each test specimen. 
The recorded elements were Ag, Cu, Ti, X 
(X = Fe, NI, or Co), AI, and Si. The ma- 
chine was operated at an accelerating volt- 
age of 15 kV, resulting in X-ray sampling 
volume with a 1-2-/zm projected diameter. 

Results 

Ag-Cu-Ti Filler Metal Interactions with the 
Fe Spacer Material 

Shown in Fig. 5 is an optical micro- 
graph of the braze joint made with an Fe 
spacer and the 850°C, 5-min brazing 
process. Some runout of the filler metal 
reduced the joint  thickness to approxi- 
mately 20/zm; the excessive runout was 
particular only to the Fe spacer material. 
The lacework phase was absent from the 
filler metal. The image did not distinguish 
a reaction layer at the Ag-Cu-Ti/Fe inter- 
face. A significant TixOy reaction layer 
formed at the Ag-Cu-Ti/A1203 interface, 
having a thickness of 2.27---0.64/zm. This 
thickness was less than the 3.4-1zm value 
predicted by theoret ical  calculation 
(which assumed a TiO stoichiometry), or 
the 3.8-/zm thickness measured from 
A1203/AI20 3 joints (see Introduction).  
This discrepancy could not be conclusively 
attributed to filler metal runout. Also, the 
absence or presence of a reaction layer at 
the Ag-Cu-Ti/Fe interface had not been 
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Fig. 5 - -  SEM pltotograplt (BSE) oJ'tlu" brazejointJonned between the I'~' 
spacer and the Al203substrate. The brazing process was 850°C and 5 min. 
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Fig. 6 - -  Electron microprobe analysis trace across the braze joint between 
the Fe spacer and the Al203 substrate. The brazing process was 850°C and 
5 min. 

determined by EMPA. The process condi- 
tion of 900°C, 10 min produced a similarly 
configured braze joint; a slightly greater, 
mean TixOy layer thickness was measured 
(2.44+-0.54/zm). 

Shown in Fig. 6 is an EMPA analysis 
from a trace across the braze joint made 
with the 850°C, 5-min process. Only one- 
half of the experimental data points (sym- 
bols) have been included in this and sub- 
sequent EMPA traces for clarity. The 
compositional profile was also representa- 
tive of the 900°C (1652°F), 10-min process. 
The Ag content of the filler metal gener- 
ally increased, and the Cu levels de- 
creased, from the AI20 3 side of the joint 
toward the Fe spacer. 

Trace levels of Ti were also observed in 
the filler metal; midpoint concentrations 
were 0.5+-1.1 at-% after processing at 
850°C for 5 min and 0.4+-0.5 at-% follow- 
ing the 900°C, 10-min process. 

There was a persistent concentration of 
AI in the filler metal. The values measured 
at the midpoint of the joint were 3.2---0.7 
at-% after the 850°C, 5-min process and 
3.4_+ 1.5/xm following the 900°C, 10-min 
process. There were no correlations be- 
tween the AI concentration and the con- 
centrations of the other elements. The 
presence of Al in the filler metal was likely 
a product of the reduction-oxidation reac- 
tion between Ti and AI that resulted in the 
TixOy layer at the Ag-Cu-Ti/AI20 3 inter- 
face (see discussion below). The absence 
of a significant Si signal (the glass binder of 
the AI~O 3 ceramic) indicated that A1 in the 
filler metal was not caused by a physical 
breakup of the ceramic. 

The composition of the TixOy reaction 
layer at the Ag-Cu-Ti/AI20 3 interface was 
examined. Reproducible concentrations 
of Ti as well as Cu, Ag, AI, and Si were pre- 
sent for either processing condition (Table 

Table 1 - -  Elemental  Concentrat ions at the Ag-Cu-Ti/AI203 Interface as a Function of Process 
Conditions for Braze Joints with an Fe Spacer 

Elemental Concentrations (at-%) 
Process Conditions Ti Cu Ag AI Si 

850°C, 5 min 45 _ 2 39 +__ 3 7 --- 5 7 --- 3 0.5 __. 0.8 
900°C, 10 min 48 ± 4 36 _.+ 6 6 ± 6 10 _.+ 4 0.2 ± 0.6 

1). The equipment did not detect 0 2 . The 
presence of Cu and A1 may represent the 
formation of the more complex 
Cux(Ti,Al!yO z reaction product such as 
the Cu2(Tt,AI)40 composition reported 
byA. Moorehead et al. (Ref. 12). The con- 
centrations in Table 1 did not coincide 
with this composition. If the AI signal was 
excluded from the analysis, then a 
CuxTi. O z reaction product would be pre- 
dicted, having a stoichiometry similar to 
the Ti3Cu30 reaction layer observed by 
Bang and Liu in braze joints made be- 
tween a Cu-Ti filler metal and AI20 3 (Ref. 
13). The presence of Ag in Table 1 was not 
observed in the reaction layers cited from 
prior studies of the A g - C u - T i / A I 2 0  3 sys- 
tem as listed in Ref. 13. 

The EMPA trace did identify a reaction 
layer at the Ag-Cu-Ti/Fe interface. The el- 
ements Ag, Cu, Ti, AI, and Fe were pre- 
sent; Si was absent. Aluminum was de- 
tected at levels slightly above those 
observed in the interior of the gap. The 
compositional data are provided in Table 
2. The elemental concentrations fell into 
two mutually exclusive compositions des- 
ignated A and B, which were distinguished 
by Cu levels. For the 850°C, 5-min process, 
the A and B compositions had Cu levels of 
21+-3 at-% and 4_.+1 at-%, respectively, 
and occurred with equal frequency (N = 7 
of 14 traces). The different Cu levels be- 

tween A and B groups were compensated 
by the Ag content; only small changes oc- 
curred to the concentrations of the other 
elements. 

In the case of the 900°C, 10-min 
process, the Cu concentrations also distin- 
guished the two composition groups A 
and B. However, the difference in Cu con- 
centrations were compensated by the Ti 
and Fe concentrations rather than by the 
Ag levels. The Ti contents of both groups 
A and B were higher than the respective 
values measured for the 850°C process. 
The B composition was more prevalent, 
being observed in 11 of the 14 EMPA 
traces. The small amount of Ti scavenged 
by the Fe spacer to form the interface re- 
action layer was likely responsible for the 
TixO. layer thickness at the Ag-Cu- 
Ti/A['20 3 interface being less than pre- 
dicted values. 

The Fe signal dropped off rapidly away 
from the Ag-Cu-Ti/Fe interface. The Fe 
concentrations at the trace (joint) mid- 
points were 0.4__.0.3 at-% for the 850°C, 5- 
min process and 1.3_+0.8 at-% for the 
900°C, 10 min. These low Fe contents rep- 
resented a supersaturated, solid-solution 
retained from the finite solubility of Fe in 
Ag and in Cu (3-5 at-% each) at a refer- 
ence temperature of 800°C (Ref. 14). 

The data in Table 2 were analyzed for 
phase stoichiometries beginning with the 
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Fig. 7 - -  SEM (SE) photograph showing the lacework phase in the braze 
joint formed with the Co spacer, using the 850°C, 5-min brazing process. 

Fig. 8 - -  SEM photc~¢raph of the braze joint made with dte Co .wacer. using 
the 900°C, lO-min, process conditions. 

Table 2 - -  Elemental Concentrations at the Ag-Cu-Ti/Fe Interface 

Process Conditions Ti 

850°C, 5 min A (N=7) 9 _+ 2 
B (N=7) 11 _+ 2 

900°C, 10 min A (N=3) 18 _+ 6 
B (N=l l )  27 _+ 7 

Elemental Concentrations (at-%) 
Cu Ag Fe AI 

21_+13 36_+8 36_+9 3_+1 
4_+1 44_+6 38_+6 1.1_+0.7 

23 _+ 11 33 _+ 16 26 _+ 20 2.7 -+ 0.6 
4_+2 27_+12 40+-17 2_+1 

850°C, 5-min process. The relatively small 
A1 concentration was not considered. The 
Ag signal was not taken into account be- 
cause its source was likely the X-ray sam- 
pling volume striking the nearby filler 
metal field. The latter phenomenon would 
also explain the high and low Cu contents 
that distinguished groups A and B for ei- 
ther process condition. 

Therefore, it was assumed that the re- 
action layers for both groups were com- 
prised entirely of Fe and Ti. The same 
(normalized) stoichiometry was com- 
puted for both A and B composit ions,  
namely Fe4Ti. The equilibrium binary 
phase diagram for the Fe-Ti system does 
not  indicate an FeaTi compound (Ref. 15). 
However, it is not unusual for interface re- 
actions to produce metastable phases that 
are not present on the equilibrium phase 
diagram (Refs. 16-18). On the other hand, 
the Fe4Ti stoichiometry may represent a 
mixture of documented equilibrium 
phases, for example, the combination of 
Fe2Ti (87%) and (et)Fe (13%). 

In the case of the 900°C, 10-min 
process, the quantitative trends were dif- 
ferent. The group B reaction composition 
was more prevalent,  found in 11 of 14 
traces. The A1 and Ag contents were sim- 
ilar between  the two phase compositions. 
The Fe and Ti concentrations of both A 
and B compositions had a similar stoi- 

chiometry of Fe3Ti 2. The equilibrium Fe- 
Ti binary alloy phase diagram does not ex- 
hibit such a line compound (Ref. 15). 
Therefore, either the Fe3Ti 2 stoichiometry 
represented a metastable phase or it indi- 
cated a mixture of the FeTi (35%) and 
Fe2Ti (65%) equilibrium phases. 

The presence of the TixOy reaction 
layer at the Ag-Cu-Ti/AI20 3 interface co- 
incided with all of the braze joints being 
hermetic. 

The pull strength of samples made at 
850°C and 5 min was 80_+55 MPa (12"-.8 
ksi). Ninety-three percent of the fracture 
path was in the A1203; the remaining 7% 
was along the Ag-Cu-Ti/A120 3 interface. 
This strength exceeds that of similarly 
processed AI203/Ag-Cu-Ti/A120 3 joints 
made without a spacer (64_+4 MPa, 
9.4---0.6 ksi), or joints made with the Fe- 
29Ni-17Co spacer (41---11 MPa, 6__.2 ksi). 

The joints made with the 900°C, 10-min 
process exhibited lower strengths of 
51---15 MPa (7-+ 2 ksi). This strength is the 
same as similarly processed braze joints 
using the Fe-29Ni-17Co spacer (53-+14 
MPa, 8-+2 ksi), which did not produce a 
TixO reaction layer. Approximately 70% y 
of the fracture path was in the A120 3 ma- 
terial; the remainder was along the Ag- 
Cu-Ti/AI20 3 interface indicating a weak- 
ening of the lat ter  interface. A slightly 
thicker TixOy reaction layer was observed 

after the 900°C, 10-min process 
(2.44___0.54 /zm) vs. the 850°C, 5-min 
process (2.27"--0.64 p,m). Studies by Scott 
et al. have indicated that the strength of 
active braze joints can reach a maximum 
as a function of reaction layer thickness 
(Ref. 19). A thickness beyond that maxi- 
mum value results in a strength decrease 
due to the greater likelihood of flaws in 
the layer structure that facilitate crack ini- 
tiation. Such a scenario may explain the 
above strength data. 

Ag-Cu-Ti Filler Metal Interactions with the 
Co Spacer Material 

A lacework phase was observed in the 
braze joints made to the Co spacer. Shown 
in Figs. 7 and 8 are SEM (secondary emis- 
sion or SE) photographs of the lacework 
phase after the 850°C, 5-min and 900°C, 
10-min processes, respectively. In general, 
the lacework phase was more toward the 
interior of the filler with the 850°C, 5-min 
process conditions and closer to the Co 
spacer for joints made with the 900°C, 10- 
min process. The phase thickness ranged 
from 3.5 to 4.5/zm. The morphology of the 
phase, particularly as illustrated in Fig. 8, 
indicated that it formed at, and subse- 
quently moved away from, the Ag-Cu- 
Ti/Co interface prior  to solidification. 
Considerable filler metal infiltration into 
the Co spacer grain boundaries (Figs. 7 
and 8) indicated that dissolution of the Co 
spacer into the molten filler metal had oc- 
curred after formation of the lacework 
phase. A widely scattered TixOy reaction 
layer was observed for both processes; it 
measured 0.56-+0.49/zm thick after the 
850°C, 5-min process and 0.90---1.1 tzm 
following the 900°C, 10-min process. 

The EMPA trace in Fig. 9 (850°C, 5 
min) shows the case for which the lace- 
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Fig. 9 -  Electron microprobe analysis trace across the Ag-Cu-Ti/Co braze 
joint processed at 850°C for 5 min. The lacework phase was a reaction 
layer at the Ag-Cu-Ti/Co interface. 
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Fig. 10 - -  Electron microprobe analysis trace across the Ag-Cu-Ti/Co 
braze joint processed at 850°C for5 min. The lacework phase is located in 
the interior of the filler metal. 

work phase was still a reaction layer at the 
Ag-Cu-Ti/Co interface. When located 
here, the phase composition was always 
Co3Ti, a stoichiometry that is observed in 
the equilibrium phase diagram (Ref. 20). 
The Co concentration quickly diminished 
away from the Ag-Cu-Ti/Co interface re- 
action layer; no Ti, A1, or Si signals were 
detected in the gap. The Cu and Ag con- 
centrations exhibited profiles expected of 
the eutectic Ag-Cu binary composition. 

The EMPA trace in Fig. 10 (850°C, 5- 
min process) shows the lacework phase 
when it was located in the interior of the 
filler metal. The trace intercepted the 
phase twice. The lacework phase in the in- 
terior of the joint exhibited two primary 
compositions designated as groups A and 
B. The two compositions, which were not 
mutually exclusive - -  that is, both could 
occur simultaneously in a single trace 
across the lacework phase - -  are listed in 
Table 3. The frequencies with which A and 
B compositions occurred were roughly 
equivalent under both process conditions. 
The A-phase composition, which was ob- 
served with both brazing processes, was 
the Co3Ti stoichiometry. The presence of 
Cu in the layer was likely caused by a small 
mutual solubility between Cu and Co (1-3 
at-% at 800°C) that was retained under su- 
persaturation at the lower temperatures. 

The B composition differed between 
the two process conditions (Table 3). The 
B composition for the 850°C, 5-min 
process showed a ratio of Cu to Ag repre- 
senting the filler metal's baseline eutectic 
composition. The Ti and Co concentra- 
tions, normalized between one another, 
indicated a composition of Ti3Co 4. This 
stoichiometry is not present in the binary 
alloy phase diagram; thus, it may repre- 
sent a metastable phase or indicate a mix- 
ture of the equilibrium TiCo (77%) and 

Table 3 - -  Elemental Concentrations of the Lacework Phase within the Gap of the Ag-Cu-Ti/Co 
Braze Joints 

Elemental Concentrations (at-%) 
Process Conditions Ti Cu Ag Co 

850°C, 5 min A (N=6) 24 _ I 4 _+ 1 0.2 -+ 0.3 72 --- 2 
B (N=5) 15 _ 9 25 _+ 18 40 _+ 22 20 -+ 18 

900°C, 10 min A (N=6) 22 __. 1 3 -+ 0 0.2 -+ 0.4 74 _+ 1 
B (N=6) 7 __ 2 4.2 +_. 0.4 1 --- 2 88 _-. 3 

TiCo 2 (23%) phases. The B composition 
recorded after the 900°C for 10-min 
process suggested the presence of primar- 
ily (~Co (90%) and a small amount of Ti, 
possible as TiCo 3 (10%). 

The EMPA traces in Figs. 9 and 10 also 
intersected the Ag-Cu-T i /AI20  3 interface 
where a peak in the Ti signal indicated a 
TixO reaction layer In general, the TixO y. • . . . Y 
reaction layers were relatwely thin and in- 
termittently present after either process 
condition. The layer composition follow- 
ing the 850°C, 5-min process was 23_.+13 
at-% Ti, 12_+9 at-% Co, 1.4__.0.9 at-% Si; 
the balance was AI (64 at-%). Only trace 
amounts of Cu and Ag were observed. The 
process conditions of 900°C and 10 min re- 
sulted in a composition of 13_+ 10 at-% Ti, 
24_+29 at-% Co, 2-+4 at-% Si, and the bal- 
ance AI (61 at-%). Silver and Cu contents 
were 5_+4 at-% and 6_+3 at-%, respec- 
tively. The limited layer thickness was 
likely responsible for the scatter in the 
composition data. Also, the Si and A1 sig- 
nals could have originated from the 
nearby AI20 3 substrate. 

The more interesting finding about the 
Ag-Cu-Ti/A120 3 interface reaction layer 
was the presence of Co. The individual 
EMPA traces were examined for their Ti 
and Co signals at this interface; the data 
are presented in Table 4. Two composition 

Table 4 - -  Elemental Concentrations of Ti and 
Co at the Ag-Cu-Ti/AI20., Interface of Braze 
Joints Made with the Co Spacer 

Elemental Concentrations (at-%) 
Process Conditions Ti Co 

850°C, 5min A(N=8) 33-+6 17---8 
B (N=6) 9 _+ 3 6 ___ 5 

900°C, 10min A(N=6) 23---4 54---16 
B(N=8) 5-+4 1--- 1 

groups were observed that were mutually 
exclusive and of nearly equal frequency. 
Composition group A had high levels of 
Co and Ti. Group B was characterized by 
low concentrations of both elements and 
likely indicated locations of minimal reac- 
tion layer thickness. Therefore, specific to 
the group A composition, the 850°C, 5- 
min process caused a higher Ti concentra- 
tion (36_+6%) than Co (17---8%) while the 
900°C, 10-min brazing process caused a 
higher Co concentration (54_+ 16%) than 
Ti (23_+4%). 

Hypotheses were considered to explain 
the presence of Co at the Ag-Cu-Ti/AI20 3 
interface. It was not likely that the Co, 
which had dissolved into the molten filler 
metal, was physically entrapped in the re- 
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Fig. 11 - -  SEM (back-scattered electron) photographs of  braze joint formed with the Ni spacer using the processing conditions: A - -  850°C, 5 min; B - -  900°C, 

10 min. 
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Fig. 12 - -  Electron microprobe analysis trace across the Ag-Cu-Ti/Ni 
braze joint processed at 850°C for 5 min. 

action layer. The fact that neither Ag nor 
Cu showed such a tendency, given their far 
greater concentrations, discounted that 
scenario. Under the premise that Co was 
driven to the Ag-Cu-Ti/A1203 interface by 
a chemical potential, two possible mecha- 
nisms were considered. The first mecha- 
nism was that in which the Co competed 
with the Ti for a reduction-oxidation reac- 
tion with the A1203 substrate. The stan- 
dard Gibbs free energy of formation cal- 
culations resulted in positive values at 
both 850°C and 900°C (Ref. 21) 

3Co + Al203 ----) 2Al + 3CoO 
AG = +207 kcal/mol (850°C) 
AG = +206 kcal/mol (900°C) (i) 

indicating that thermodynamically, such 
reactions would not be spontaneous.  
However, as pointed out by Bang and Liu, 
a nonspontaneous reaction predicted 

from simply the s tan-  
dard  Gibbs free ener- 
gies of reaction may 
become spontaneous 
because oxygen and 
A1 activities in the 
molten filler metal can 
cause the total  Gibbs 
free energy to become 
negative (Ref. 13). 
(This is the very rea- 
son that the Ti/AI203 
reduction-oxidation 
reaction occurs since, 
according to the stan- 
dard Gibbs free en- 
ergy calculation, this 
reaction should also 
be nonspontaneous.)  
An ancillary experi- 
ment was performed 
with a Co spacer and 
Cu-Ag eutectic filler 

metal, using the 900°C, 10-min process; it 
failed to produce an adherent joint. Also, 
there was no evidence of a reaction layer 
on the Al203 surface. 

A second scenario was hypothesized in 
which the TixOy reduction-oxidation reac- 
tion proceeded initially. Then, a subse- 
quent reduction-oxidation reaction took 
place between Co and the TixOy product. 
As was the case with the Ti/AI20 3 and 
Co/AI203 reactions, a positive s t a n d a r d  
Gibbs free energy of formation was calcu- 
lated. But, as noted above, such a reaction 
may become spontaneous when the activ- 
ities of A1 and oxygen are taken into con- 
sideration. 

Three of the four braze joints were 
hermetic; the less-than-perfect hermetic- 
ity was ascribed to the thinner, intermit- 
tent TixOy reaction layer. 

The pull strength for samples made at 
850°C and 5 min was 96+-14 MPa (14+_2 

ksi). This value is well in excess of similarly 
processed, A1203/Ag-Cu-Ti/AlzO3 joints 
(64+_4 MPa; 9.4+_0.6 ksi) or those joints 
made with a Fe-29Ni-17Co spacer (41-+ 11 
MPa, 6_+2 ksi). On average, 92% of the 
fracture path occurred within the A1203 
material and 8% was along the Ag-Cu- 
Ti/AI203 interface. 

The joints made at 900°C and 10 min 
were considerably weaker at 62+-22 MPa 
(9+-3 ksi); the fracture morphology was a 
mixture of cracking in the A1203 material 
(77%) as well as failure at the Ag-Cu- 
Ti/Al203 interface (23%). 

It is interesting to note that nearly the 
same strength levels and failure mor- 
phologies were observed with the Co and 
F e  spacer for similar process conditions. 
Yet, the Fe spacer material resulted in sig- 
nificantly thicker TixOy reaction layers at 
the Ag-Cu-Ti/A1203 interface. Therefore, 
a comparison of pull test data for the Co 
and Fe spacers confirmed that the tensile 
strength of active metal joint strengths is 
not a monotonic function of the TixOy re- 
action layer thickness. 

Ag-Cu-Ti Filler Metal Interactions with the 
Ni Spacer Material 

Shown in Fig. l l A  is an SEM (back- 
scattered electron) photograph of the 
joint formed with the Ni spacer, using the 
850°C, 5-min process. Numerous particles 
were observed in the filler metal field hav- 
ing a diameter from 1/zm to 10/xm. In ad- 
dition, a significant reaction layer 5 to 10 
/xm thick had developed at the Ag-Cu- 
Ti/Ni interface. Shown in Fig. l l B  is an 
SEM photograph of the braze joint  
formed with the 900°C, 10-min process. In 
this case, the filler metal particles have 
generally smaller diameters. Also, a lace- 
work phase had developed. There was no 
evidence of a TixOy reaction layer at the 
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Ag-Cu-Ti/AI203 interface of either micro- 
graph. 

Shown in Fig. 12 is an EMPA trace 
made across the braze joint that was fabri- 
cated with the 850°C, 5-min process. The 
concentration profiles of Cu and Ag were 
those expected of the binary Ag-Cu eutec- 
tic composition. A total of 59 particles 
were recorded from all 14 EMPA traces• 
The particle phase could be separated into 
two composition groups as shown in Table 
5. (There were no detectable levels of AI 
or Si.) The compositional distinction was 
the strength of Cu and Ag signals and the 
correspondingly inverse behaviors of the 
Ti and Ni signals. Coincidental with the 
compositional difference was a physical 
distinction; that is, group A had relatively 
larger particles and group B, smaller par- 
ticles. The opposite trends of Cu and Ag 
signal strength vs. particle size suggested 
an X-ray sampling volume effect. The X- 
ray signal included more of the filler metal 
with the smaller particles of group B and, 
conversely, less of the filler metal with the 
larger particles of group A. The normal- 
ized proport ions of Ni and Ti for both 
composition groups indicated a Ni3Ti sto- 
ichiometry that is found in the Ni-Ti equi- 
librium phase diagram (Ref. 22). 

The EMPA elemental profiles across 
braze joints made at 900°C for 10 min were 
similarly examined. The composit ional  
data are also provided in Table 5. The total 
number of the particles examined was 
nearly the same as were evaluated with the 
reduced processing conditions• However, 
the 900°C, 10-min process resulted in a 
larger fraction of the smaller particles 
(phase composition group B, N = 51) than 
large particles (group A, N = 6). The 
phase compositions of both groups, when 
normalized between Ni and Ti, was Ni3Ti. 

The EMPA was performed across the 
Ag-Cu-Ti/A1203 interface. There was no 
evidence that a reaction layer was present 
there for either process condition. 

The EMPA identified two sublayer 
phase compositions at the Ag-Cu-Ti/Ni in- 
terface resulting from the 850°C, 5-min 
process. These sublayers were indicated in 
Fig. 11A. The first sublayer, which was 
next to the Ag-Cu-Ti filler metal, exhibited 
a Ni3Ti stoichiometry. The high Cu and 
Ag contents (36-+25% and 15_+16%, re- 
spectively) reflected the nearby filler 
metal. Aluminum was observed in only 
trace amounts. A second sublayer devel- 
oped between the first sublayer and the Ni 
spacer having the composition 86_+3 at-% 
Cu, 12_+3 at-% Ni, and 1.9-+0.5 at-% Ag. 
The equilibrium Cu-Ni binary system 
shows the two elements to exist as a com- 
plete solid-solution after solidification 
(Ref. 23). Therefore, this sublayer phase 
was a (Cu, Ni) solid-solution with a small 
amount of Ag. Silver has a finite, albeit 

Table 5 - -  Composit ions of Particles in Braze Joints Made with Ni Spacer 

Elemental Concentrations (at-%) 
Process Conditions Ti Cu Ag Ni 

850°C, 5 min A (N=22) 19 __+ 2 15 --- 6 9 --- 6 57 __. 5 
B (N=37) 9 ___ 4 30 --- 18 33 __. 22 28 __. l l  

900°C, 10 min A (N=6) 16_-.3 18__.7 11___4 54__-4 
B (N=5I) 9 ___ 4 30 --- 17 31 ± 19 31 ___ 12 

limited, solubility in Cu. The (Cu, Ni) 
phase is not obvious in Fig. l l A  or B be- 
cause Ni and Cu have similar atomic num- 
bers, which reduces the SEM contrast be- 
tween the (Cu, Ni) phase and the pure Ni 
spacer. 

The 900°C, 10-min process also re- 
sulted in multiple sublayer phases at the 
Ag-Cu-Ti/Ni interface - -  Fig. 1 lB. A sub- 
layer phase observed intermittently next 
to the filler metal was 6__.9 at-% Ti, 45__. 11 
at-% Ni, 26_+14 at-% Cu, and 15__.9 at-% 
Ag. The high concentration of Cu (relative 
to the filler metal nominal composition), 
together with Ni, suggested that the first 
sublayer was comprised of a Ni-rich, (Cu, 
Ni) solid-solution phase; and it was desig- 
nated (Cu, Ni)~. A second sublayer phase 
located adjacent to the Ni spacer was also 
a (Cu, Ni) solid-solution phase, but with a 
Cu-rich composition: 70---6%Cu, 
27---5%Ni, and 2---2%Ag; it was desig- 
nated (Cu, NOb. This Cu-rich (Cu, Ni) 
solid-solution phase was higher in Ni than 
the corresponding Cu-rich, solid-solution 
phase observed after the 850°C, 5-min 
process. Again, Ag was present due to its 
limited solubility in Cu. 

All tensile button braze joints were not 
hermetic, coinciding with the absence of a 
substantive TixOy reaction layer at the Ag- 
Cu-Ti/AI203 interface. 

The pull strength of the Ni spacer 
braze joints made with the 850°C, 5-min 
process was 58"--22 MPa (8"--3 ksi). This 
value is similar to that of correspondingly 
processed AI203/Ag-Cu-Ti/AI203 joints 
(64"--4 MPa; 9.4"--0.6 ksi) and braze joints 
made with a Fe-29Ni-17Co spacer (41--- 11 
MPa, 6-+2 ksi). On average, 83% of the 
fracture path was at the Ag-Cu-Ti/AI203 
interface and 17% of fracture occurred 
within the AI203. This fracture morphol- 
ogy differed from results with the Fe and 
Co spacers for which higher percentages 
of the fracture path was in the AI203 sub- 
strate. 

The pull strengths were lower with the 
900°C, 10-min process, being to 31"-.13 
MPa (4-+3 ksi). This strength was less than 
that of similarly processed braze joints 
using a Fe-29Ni-17Co spacer (53-+14 
MPa; 8-+2 ksi). One hundred percent of 
the fracture paths were at the Ag-Cu- 
Ti/AI203 interface, again, in sharp con- 

trast to the fracture behavior with the Fe 
and Co spacers. 

Physical Metallurgy 

A synopsis was made of the physical 
and metallurgical  aspects of Ag-Cu-Ti 
braze joints made to Fe, Co, or Ni spacers. 
Those aspects were then correlated to the 
scavenging reaction observed between the 
Ag-Cu-Ti filler metal and the Fe-29Ni- 
17Co alloy. The synopses and a correla- 
tion between these and the original scav- 
enging problem appear below. 

1) Fe spacer: The reaction at the Ag- 
Cu-Ti/Fe interface produced several Fe x- 
Tiy-phase compositions. Those phases 
were ei ther metastable or mixtures of 
known equilibrium compositions. The re- 
action was very limited, thereby allowing 
formation of a thick TixOy reaction layer 
at the Ag-Cu-Ti/A1203 interface. There 
was no significant presence of Fe in the 
filler metal. 

2) Co spacer: A scavenging reaction 
formed a lacework phase that originated 
at the Ag-Cu-Ti/Co interface and then 
moved into the filler metal. Several CoxTi. 

• . . Y 

compositions were observed after either 
process condition, which included the 
equilibrium Co3Ti phase as well as 
metastable phases or mixtures of other 
equilibrium phases. In addition, the 
900°C, 10-min process resulted in lace- 
work phase composition of largely ele- 
mental Co. Formation of the CoxTiy lace- 
work phase limited the TixOy reaction 
product at the Ag-Cu-Ti/AI203 interface 
to thin, intermittent layers. 

3) Ni spacer: A significant Ni-Ti scav- 
enging reaction occurred that included a 
reaction layer along the Ag-Cu-Ti/Ni in- 
terface as well as Ni3Ti particles in the 
filler metal field. The Ag-Cu-Ti/Ni inter- 
face reaction products were Ni3T and (Cu, 
Ni) solid-solution compositions. The dis- 
tribution of Ni3Ti phase particles sug- 
gested a precipitation process based upon 
dissolved Ni in the filler metal. The scav- 
enging reactions left no significant TixOy 
reaction layer at the Ag-Cu-Ti/AI203 in- 
terface. 

The above results suggest that the in- 
teraction between a Fe-29Ni-17Co spacer 
and the Ti component of the Ag-Cu-Ti 
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filler metal began as an interfacial reac- 
tion process as opposed to large-scale dis- 
solution. The reaction layer at the Fe- 
29Ni-17Co/Ag-Cu-Ti interface was 
initially Fe-rich, due to the relatively high 
concentration of Fe in the alloy, and as 
such, remained attached to the Fe-29Ni- 
17Co spacer. Then, the Ni-Ti and Co-Ti re- 
actions, more so the former, dominated 
layer development and were responsible 
for a large part of the scavenging of Ti. 
The layer thickened and then broke away 
from the spacer with the Ni-rich chem- 
istry. An increased Cu content coincided 
with a higher Ni content due to (Cu, Ni) 
mutual solubility. The tendency for Ni 
from the base metal to dissolve and form 
Ni3Ti particles was suppressed by the Fe 
and Co constituents, favoring rather the 
more contiguous lacework phase mor- 
phology. 

Mechanical Metallurgy 

The nominal pull strengths of the braze 
joints made with the Fe, Ni, or Co spacers 
were highest with the Fe and Co spacers. 
These strenghts exceeded that of the Fe- 
29Ni-17Co braze joints. The lowest were 
observed with the Ni spacer; the latter 
strengths were comparable to that of the 
Fe-29Ni-17Co braze joints. Also, lower 
joint strengths were observed for all 
spacer materials following the 900°C, 10- 
min process; these values were compara- 
ble to that of Fe-29Ni-17Co braze joints. 
(However, the individual strength rank- 
ings between Fe, Co, and Ni spacers re- 
mained unchanged.) In the case of braze 
joints made with the Fe-29Ni-17Co 
spacer, there was no significant difference 
in the braze joint strengths between the 
850 °, 5 min, and 900 °, 10 min processes 
(41__-11 MPa, 6+_2 ksi; and 53+_14 MPa, 
8+_2 ksi, respectively). 

Two fracture modes were predomi- 
nant. Those modes were 1) fracture within 
the A1203 substrate and 2) failure along 
the Ag-Cu-Ti/A1203 interface. Fracture 
was not observed at the Ag-Cu-Ti/X (X = 
Fe, Ni, Co) interface nor in the bulk filler 
metal, indicating that braze joint strength 
was insensitive to the different mi- 
crostructures that formed at either loca- 
tion. Similar fracture morphology trends 
were observed for joints assembled with 
the Fe-29Ni-17Co spacer. 

Based upon the above data, pull 
strength can only be correlated to the 
presence or absence of a TixO~, reaction 
layer for braze joints made with either 
process. The absence of any reaction at 
the Ag-Cu-Ti/A1203 interface for the Ni 
spacer was accompanied by a significantly 
lower strength. Similar strengths resulted 
from Fe-29Ni-17Co spacers, which, like- 
wise, did not allow a TixOy layer to de- 

velop. Both the Fe and Co spacers exhib- 
ited higher strengths, yet with vastly dif- 
ferent TixO. thicknesses. The Fe spacer 

. Y 

resulted m a larger data scatter. 
Any significant impact by the TixOy 

layer thickness on joint strength appears 
to be further diminished by the fact that 
the 900°C, 10-min process caused a signif- 
icant reduction in strength for all spacers, 
even joints made with the Ni spacer which 
did not produce a TixOy reaction layer at 
the Ag-Cu-Ti/A120 3 interface. The con- 
current increase in fracture at this inter- 
face certainly suggested a loss of strengh 
there that was not explicitly attributable to 
the TixOy layer. Rather, an alternative 
mechanism may provide contributing fac- 
tors, including thermal expansion-induced 
damage and the effects of filler metal in- 
terlocking in the A120 3 surface grains. 
Therefore, the strength levels of braze 
joints made with the Fe-29Ni-17Co spac- 
ers were commensurate with the absence 
of a TixOy layer. Mechanical attachment 
(interlocking) between the filler metal and 
the A1203 surface structure provided the 
nominal strengths of those joints and the 
joints made with the Ni interlayer. 

Hermeticity 

Hermeticity appears to have been di- 
rectly dependent upon the extent of TixOy 
reaction layer growth at the Ag-Cu- 
Ti/A120 3 interface. Therefore, the ab- 
sence of a TixO ~ reaction layer in Ag-Cu- 
Ti braze joints made with the 
Fe-29Ni-17Co spacers was responsible for 
poor hermeticity performance. 

Conclusions 

1) Poor hermeticity performance was 
observed for AI203-A1203 braze joints 
having an Fe-29Ni-17Co alloy spacer and 
brazed with an Ag-Cu-Ti active filler 
metal. Satisfactory tensile strength was ex- 
hibited by the braze joints. Titanium was 
scavenged from the filler metal through 
formation of a (Fe, Ni, Co)-Ti lacework 
phase, thereby preventing formation of a 
TixOy reaction layer at the Ag-Cu- 
Ti/AI203 interface. The scavenging mech- 
anism was further analyzed by examining 
braze joints made with elemental Fe, Ni, 
or Co spacers, and two brazing process 
conditions. 

2) The Fe spacer caused the develop- 
ment of FexTiy phases at its interface with 
the Ag-Cu-Ti filler metal. Formation of a 
significant TixO. layer occurred at the Ag- 

. Y . . 

Cu-Ti/AI203 interface resulting m 100% 
of the braze joints being hermetic. 

3) The Co spacer resulted in the devel- 
opment of a lacework phase having the 
Co3Ti and potentially metastable CoxTi. 

. Y 

compositions. A thin, intermittent TlxOy 

reaction layer was observed at the Ag-Cu- 
Ti/A1203 interface resulting in only 75% 
of the buttons being hermetic. 

4) The Ni spacer caused an extensive 
Ni3Ti phase to form at the Ag-Cu-Ti/Ni in- 
terface as well as discrete Ni3Ti phase par- 
ticles to develop in the filler metal. A (Cu, 
Ni) solid-solution phase was also observed 
at the Ni spacer interface. Complete scav- 
enging of Ti resulted in the absence of a 
TixOy layer at the Ag-Cu-Ti/A1203 inter- 
face. Zero percent of the braze joints were 
hermetic. 

5) The pull strengths of the braze joints 
correlated primarily with the presence or 
absence of the TixOy layer; there was no 
strong dependence on the thickness of the 
TixO. layer. Higher strength values were 

Y . 

observed with the 850°C, 5-ram process. 
The fracture path was primarily in the 
AI203 substrate. Lower strengths pro- 
duced by the 900°C, 10-rain process were 
accompanied by increased fracture along 
the Ag-Cu-Ti/A1203 interface. 

6) The Fe, Ni, and Co spacer experi- 
ments suggested that the lacework phase 
that formed in Fe-29Ni-17Co/Ag-Cu-Ti 
couples began as an interfacial reaction. 
An Fe-rich phase developed adjacent to 
the spacer, but with very limited Ti scav- 
enging. However, further growth became 
dominated by the Ni and Co components 
of the spacer, which significantly scav- 
enged Ti from the filler metal. The Ni-rich 
reaction layer separated from the spacer 
surface and entered the filler metal field 
with the lacework morphology. Pull 
strength, fracture morphology, and poor 
hermeticity were all commensurate with 
the absence of a TixOy reaction layer at the 
Ag-Cu-Ti/A1203 interface. 

7) This study indicates that the appli- 
cation of a barrier layer on the Fe-29Ni- 
17Co alloy, in particular, elemental Fe, or 
other nonreactive metal (e.g., Mo), would 
curtail the Ti scavenging reaction. 
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2004 Poster Session 
Call for Entries 

The American Welding Society announces a Call for Entries for the 2004 Poster Session to be held as part of 
Welding Show 2004 on April 6-8, 2004, in Chicago, III. Students, educators, researchers, engineers, technical 
committees, consultants, and anyone else in a welding- or joining-related field are invited to participate in the world's 
leading annual welding event by visually displaying their technical accomplishments in a brief graphic presentation, 
suitable for close, first-hand examination by interested individuals. 

Posters provide an ideal format to present results that are best communicated visually, more suited for display than 
verbal presentation before a large audience; new techniques or procedures that are best discussed in detail 
individually with interested viewers; brief reports on work in progress; and results that call for the close study of 
photomicrographs or other illustrative materials. 

Submissions should fall into one of the following two categories and will be accepted only in a specific format. 
Individuals interested in participating should contact Dorcas Troche, Manager, Conferences & Seminars, via e-mail 
at dorcas@aws.org for specific details. Deadline for submission of entries is Monday, December 1,2003. 

1. Student Division 
• Category A: 2-Year or Certificate Program 
• Category B: Undergraduate Degree 
• Category C: Graduate Degree 

2. Professional/Commercial Division 
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