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Abstract 

The  purpose of the report is to  summarize  discussions from a Cerumic/ll.etul  Brazing:  From 

Fundumentuls to Applications Workshop  that  was  held  at Sandia National  Laboratories  in 

Albuquerque, NM on April 4, 2001. Brazing  experts  and users who bridge common areas of 

research,  design,  and  manufacturing  participated  in  the  exercise. External perspectives  on the 

general  state of the  science  and  technology for ceramics  and  metal  brazing  were  given.  Other 

discussions  highlighted  and  critiqued Sandia's brazing  research  and  engineering  programs, 

including  the  latest  advances in braze  modeling  and materials characterization. The  workshop 

concluded  with  a facilitated dialogue  that  identified critical brazing  research  needs  and 

opportunities. 
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1.0 Introduction 

The  purpose of the CeramicMetal Brazing  Workshop  that  was  held at Sandia  National 

Laboratories  in  Albuquerque, NM  on  April 4, 2001 was  to  gather  experts  from  the  brazing 

community  to discuss the current state of brazing  science  and  technology at Sandia.  This  report 

summarizes  the  presentations  and  discussions. The workshop  was  structured  to  cover  a  wide 

range of topics  related to basic  and  applied  research,  design,  and  production. The goal  was to 

identify strategic Science and  Technology  brazing  linkages,  needs,  opportunities,  and  potential 

roadblocks  to  program  growth  and  Sandia’s  recognition  as  a  world-class  leader  in  brazing 

research. The principle  outcome of the  workshop  should be an  improved forum for discuSsing 

brazing  issues,  strengthening  collaborations  and funding, and  formalizing future research 

initiatives. 

Introductory  remarks  by F. M. Hosking  reviewed  Sandia’s  investment  in  ceramichnetal  brazing 

technology  (see  Figs. 1-8). The critical  connections  between  research,  development,  and 

applications  were.  described. Typical Sandia  brazing  applications include high  voltage  tubes, 

thermal  batteries, stronglinks, connectors,  header  feedthroughs,  and  energy  components. To 

address  the  different  materials  and  processing  issues  that  go into making  reliable  braze joints, it 

is  necessary to leverage the multidisciplinary  resources  at Sandia. 

The  workshop  provided  a forum for highlighting Sandia’s ceramic-metal  brazing  programs. 

Understanding  the  basic interfacial reactions  that occur and how  they  affect  subsequent 

properties is critical to controlling and optimizing  the  brazing  process.  Key  research  components 

include  fundamental experimentation, applied  testing,  modeling  at  different  length-scales,  and 

materials characterization. To  successfully  complete the research-to-applications  loop,  input  and 

feedback  from  design  and  production  organizations  are  necessary. 

Non-Sandians  were also invited to the  workshop  to provide an  external  view  on  where  brazing 

science  and  technology is and where it may be going. This included  an  objective  critique of 
Sandia’s brazing  research  capabilities. 
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2.0 State of Brazing  Science 

The  state  of  brazing  science  was  the f is t  technical  topic  that  was  discussed  (Figs. 9-50). An 

external  perspective  was  given by Dr. A. P. Tomsia from Lawrence  Berkeley  National 

Laboratory on fundamental  braze  wetting  and  flow  phenomena,  focusing on ridge  formation, 

spreading  kinetics, reactive wetting, and diffusion  processes. 

Ceramic-metal  adhesion  and  the effect of chemistry  on  droplet,  fillet,  and  flaw  formation  were 

discussed.  One  of  the  critical  problems  in  liquid  metal  spreading  is  that  the  spreading  rates  are 

significantly  lower than values  computed from fundamental  principles. This is  generally 

attributed  to  physical  and  chemical surface effects,  such  as  roughness,  contact  angle  hysteresis, 

interface reaction kinetics,  and  dewetting.  Drop  transfer  experiments  were  proposed  to  study 

these  basic  advancing  and  receding  spreading  effects  (Fig.  18). 

Tomsia  next  described the formation  of  capillary-induced  ridges  at the leading  edge of a 

spreading  droplet,  which  can  eventually  pin braze flow. This mechanism  is not considered in 
Young’s simple treatment for equilibrium  wetting  (Fig  20). An example  was  given  where  ridges 

are formed along the  metal  and  solid oxide triple line for liquid  metal on polycrystalline  alumina 

(Fig.  21).  Atomic force microscopy  analysis  showed  that  the  ridge  profiles  were  similar  to those 

calculated for stationary  and  quasi-steady state conditions. 

Spreading  kinetics  depends  on  the flow regime  (Figs.  22-28).  Conventional  fluid  flow  occurs if 

the substrate is rigid and  insoluble  and no ridge forms (Regime 1). Wetting  regimes  2  and 3 are 

defiied by the formation of small  or large ridges,  respectively,  that  undercut  the  spreading  liquid 

droplet. Smaller ridges generally  move  with  the  liquid  front  and  approach  macroscopic 

equilibrium  wetting  (Young’s  equation),  while  the  larger  ridges  will  inhibit  spreading.  Regime 4 

wetting  involves  the more complicated case where  the  liquid  metal  chemically  reacts  with  the 

substrate.  Finally,  different ridge shapes are predicted if surface  diffusion is the  controlling 

mechanism. 

11 



A four-step  sequence for reactive  wetting was proposed (Figs. 29-34). Spreading  is  initially 

enhanced by adsorption  from  the  supersaturated  liquid,  with the formation  of  a ridge under the 
foot of  the  liquid  front. A reaction  product  along  the  liquid-solid  interface  nucleates  and  then 

grows. The liquid front Finally detaches  or  withdraws from the  reaction layer. 

Other  topics  that  were  discussed  included  the  influence  of  surface  and  interfacial  energy on 

wetting,  grooving  and  ridging  diffusion  mechanisms,  and  grooving  kinetics. Surface energy, 

contact angle,  and surfadvolume diffusivity  data  were  presented for several  metal-alumina 

systems  (Figs. 35-47). 

In summary, triple line ridging at the  liquid front can control spreading  kinetics.  Liquid 

breakaway  or  attachment  affects  hysteresis.  The  relative  spreading  rates  determine ridge and 

interface  morphologies.  Optimum  wetting  occurs  with  intermediate  reactivity.  Macroscopic 

homogenization (i.e., heat  flow  and  reactive  element dissolution) can  limit  spreading  velocities. 

.Mass transport  is  substantially  greater for metallalumina  interfaces  than for an oxide  surface. 

Interfacial  energies are dependent on the  partial  pressure  of  oxygen,  with nansport significantly 

faster  at  low  values.  Diffusion  can  control  transport at grain boundary  grooves.  Examples  were 

given to demonstrate  these  conclusions. 

Future  research  was  proposed  in  three  critical  areas for the  science  of braze wetting  and 

spreading/flow. The F i t  is  metallceramic  interfacial energetics and  kinetics (effect of  oxygen 

partial  pressure,  impurity  adsorption, and interfacial atomic transport). The second is high 

temperature  spreading  (oxygen  partial  pressure,  high  speed  kinetics,  equilibrium  and 

nonequilibrium  conditions,  and  reactive  spreading).  The  third  is  applications  (lead-free  solders, 

active metal  brazing,  semiconductor  lighting,  biomaterials,  piezoelectric  ceramics, and fuel 

cells). 
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- Resistant t o  change 

. .  , 

ABA technology replaced Mo-Mn process in some 

Alumina is being replaced by other ceramic materials 
applications 

Non-Alurnin,a Ceramic 
New Technical  Ceramics 
- Silicon Nitride 
- Aluminum Nitride 
- Silicon Carbide 

Need fc  
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ipplications for ABA technology 
I 

Vacuum Tubes 
I Semiconductor Industries 

Biomedical 
Automotive 
Military 
Others 
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facuum Brazing Cycle 

0 20 40 60 80 100 

Time (rnin) 
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I 
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New Heatinq c- Methods 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 45 

New Heatinq c- Methods 
Heat and melt only brazing alloys without 
heating base materials too much. 
- Eliminate thermal expansion mismatch problem 

Microwave Heating I 

Reactive Foil 
- Robert Latclke - Technology International 

- Tim Weihs - Johns Hopkins University 
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,i wa 

@ - Igntte with spark, laser, or  match ut 25OC 
.r;y 

k% & Vetmitim greater than 20 d s  
Temperafurw'above 15QOaC 
Heating rates high&  than 1099ffsec 

it 

3s $5 
1 Silicide%: Ni-Si, Zr-Si, Mo-Si, and Rhai 

1 
i r Alm&ideg: Ni-Al, ZY-Al, T i -AI;dS&Al  
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Science of A 

Some TEM works on reaction  products 
Wetting mechanism not well understood 
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reactions,  hermeticity, and joint  strength 
solution to the  brazing  conditions. 

. . .  . .  . 

were  determined, 
. .  . 

which  provided a realistic  space 
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esearch and Engineering Programs Are 
veraged to Support Ceramic / Metal  Brazing 
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Braze  Modeling Core Team (BMCT) Is 
7 Utilizing All Tools to Chcter ize  Braze Process 

59 



The  presentation by J. E.  Johannes  described  the  different  modeling  activities  that  are  supporting 

brazing at Sandia  (Figs. 95-114). The work is  being  led  by  Engineering  Sciences  Center 9100 

and  utilizes  several ASCI code  architecture tools to simulate the braze  process  (Fig. 97). Each 
step  requires a detailed  physics  model  that  is  rigorously  validated.  There  are  four  key  elements to 

the braze mcdeliig effort: thermal, flow,  stress,  and failure analyses  (pig. 98). 

. .   . .  I 
I 
I 
I 
I 
I 
1 

. .  

Examples  were  given on how the  models are being  applied to support neutron  tube  design 

and  production.  The  thermal  model  is  predicting  furnace  responses  that  defme  the  optimum 

process  operating  space,  loading  conditions,  and  heating  profile  (Figs. 99-100). The  more 

difficult  modeling  problem is to simulate  brazing  kinetics  and fillet geometry  (pigs. 101-103). 

The  existing  codes  also  need to incorporate  chemical  reactions  and  compositional  changes  at  the 

braze  interface  that  affect  wetting  and flow conditions. 

Stress modeling  has  been  applied  at Sandia to a variety of brazed assemblies  over  the 

course of  many  years.  It  is  routinely used to predict  conditions  that  cause  or  reduce high residual I 
stresses  and  premature  failures  (Figs. 104-107). The technique  is  probably  the  most  mature 

simulation  tool  available,  although  the  most  difficult to validate.  Stress  aualyses are being I 
coupled  with  newer  failure  models  (Figs. 108-113) to predict  ceramic  failures  and  life.  Failure 

probabilities  are  not  exceptionally  high,  but  the  simulation  tool  does  provide  important  insight I 
into  potential  failure  mechanisms for specific  design  and materials conditions. 

I 
As the  fidelity  and  robustness of  the four  models  are  improved,  individual  thermal, fluid 

flow, stress, and failure  responses will be  computationally integrated to capture  and  simulate  the I 
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Point of Contacts Roy Hogan EL Frank Dempsey 

Has beon applied In pad to addresa  manufacturing Issues 
ASCI currently funding mom detailed.mmhlng Mort 
Testing new thermal coda on furnace mesh 

!::;,, , , . .  . 
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Wing manufacturing txocesms of 
on bottom shelf of fuma 

8 
I! Preliminary simulations showed: 

.;i 
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.??. 

. on bottom  shelf, Td0,* T,.,, (no broze) 
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Failure Modeling 

Jerry Wellman 

, .  . .  . . .  
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Point of Contact  Jerry  Wellman I 
. .  

*Failure  model at SNL Is fairly  recent. . .  

*Model  is  just  starting  to be applied  to ,. . 
manufacturing  processes. . .  . ,  . .  

*Funded  by 14OO0, and  ASCI , . .  , .  .. 

, ,  I 
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Modellng of the braze  process  has  been  done  on 
a varlety of  levels. 

*Thermal and Stress modeling  have  been  applied 
to characterize  and  improve the braze  process. 
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I 6.0 Defense Programs @P) Production Perspective 

I 
I 
I 
I 

I N. A. Lapetina  provided  a  production  perspective on ceramic-metal  brazing.  One of the  principal 

benefactors of Sandia’s  brazing  research is neutron  generator  production. This Defense  Programs 

enterprise  has  invested  heavily  in  advancing  brazing  technology.  Neutron  tube  components are 

being  fabricated  with  both  conventional  and active metal  brazing  processes  (Figs. 115-124). 

Critical  attributes include braze flow, hermeticity, joint strength,  and  dimensional  integrity. 

Braze  processing  technologies affect four important  component  phases: conceptual design, 

development  engineering,  production,  and  service  (Figs.  119-122).  Each  phase has different 

issues to address,  but similar requirements  that  demand  a  high  level of confidence  and  reliability 

in the  brazing  materials  and  process  used. 

I . .  . 
. .  

- 
Fiscal  Year 2001 (FYOl) production investments in brazing are summarized  in  Fig. 123. They 

emphasize  process  characterization  through  statistically-designed  experiments  and  modeling. 

Most of these  efforts are highlighted  throughout  this  document. As part of the  process, the 

Manufacturing  Systems  Science & Technology Program Office has developed  a  Technology 

Roadmap that lists prioritized  brazing-related needs through FY05 (Fig. 124). The roadmap.,. .:, , 

captures  key  technology  requirements, such as active  metal  brazing,  integrated  modeling 

(thermal,  flow,  tolerance,  stress,  and failure analyses), process  charactedzation  (space  versus 

point  analysis),  lower  melting braze processes, other heating  methods (RFYiinduction), process- 

based  quality  (reduce or e l i t e  inspection),  and  a  braze  design advisor. Sandia  design  and 

production  organizations are committed to improving the fundamental  understanding  of  their .~ 

I 
I 
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I 
I 

;. , .  

I 
brazing  processes. 

I 
1 
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. . .  . 
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DP  Production  Perspective 

Neil  Lapetina 
Neutron  Generator  Production 

4 April 2001 

. : : .  . , ,  . .  
. . .  . . . . . ,  

, .  
. .  

Sandia's  Neutron  Generator  Productlon 
Mission  Assignment 

Requirements  Processes 
0 Compact 0 Clennlng 
0 L O n g U h  0 mtn-mm DOPOMO~ 

0 R6hble 0 Metallrnng & Plating 
0 HlghVolta(le 0 Blpzlpo &Welding 
0 Severe 0 Encapruletion 

0 Product Teeting 
Environment6 0 Coatlng 

Realities .:~ 
. ,. . 
., ,. , , . .  

. .. 
' .  . , .  

0 COmpkX Mmial6 
. .  . 

'I. 

. .  . . .  
~ ~ ~ . ~. , ;. > * . .  

, , ' ,  . . .  
. .  0 High-VEWUm  Technology .~ ' '  . '  ;:,:, t. , , ., - Dlmenrlonal Preclrlon ' '  " 

Low-Volume  Productlon 

, ,  
. ,  

, ~. . .  
, .  . ,, . . 

. .  , . .  , . . 

... 
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Production  Schedule 

Plpmll7 Lililarmunb 

4 W O l  cemm"dBra2fng WOrkshqD 

Brazing  Required  to 
Support NG Production 

1 
:. 
1 
T 

MC4300 Neutron  Tube Critical Attributes: 
Strength (Coupon) 
Reglduel Stresses 
HermeUclty 
Dimensional lntegrlty 

Considering Ac(ive Brazing Braze now 
Rad bdness 

Conventional H2 h a n g  

- No Backup Rings 

' etc 
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. 
4 Apr 01 CerSmlGlMedsl Brslfng WorkahqD 

Critical  Braze  Issues: 
Conceptual  Design  Phase . . 

. .  
. .. 

. . .. . .  . . . . . . . 
. , .  . ,  

. . , . . . . 
. .  . .  

In the  absence  of  braze  design  advisors, must rdiy 
extensively on experienced  engineers  and past 
design  successes 
Stili strivlng  to get the right information to th6 right 
person at the right time (Le., concurrent  engineering) 

: :. , .. ' Y  ,;,. .."I, 

4 Apr 01 CerenwWml Brslfng Workshop 
'. . ",. 

Braze  Issues: 
Development  Engineering Phase. . . .. . .  

Still dolng  the old cut-n-try  approach ...p redictive 
capabiilty stili limited 

Research  community  not  intersated in this approaoh . DerignProductlon  communitles  frustrated with the 
intemptions this approach at times  causes 

Tend to quickly converge on point deslgno  as 
opposed to characterizing  process  space . That Is, until recently ... 
Existing  modeling & slmulation good for relative 
comparisons  and  not  for  failure  predictions 
s Exception: rwldual stress modeling & fallurn predlaon 
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1 Investments  to  Improve  Fundamehtal 
Understanding of Braze  Processes .' 

Residual Stress & Tolerance'Analysls 

Modeling 
Furnace 

Braze Flow 
Modeling 

, .  
. . . .  

. . . . .  

Tensile Button 
Testina 

. . .  

ST Technology  Roadmap: 
Brazing-Related  Needs - .... . .  

1.., .. 
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7.0 Fundamental  Wetting  and  Interfacial  Reactions 

results.  Further  research is required and ongoing to better understand these  phenomena. 
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.~ WETTING AND REACTION 
MECHANISMS  IN  ACTIVE  METAL 

. . .,, . . . .  BRAZE ALLOYS 
; ,, . ,  . R.  E. L o e h m a t  S.J. Glass, and F.M. Hosking, 

, .  . . .  
,. . , . .., . 
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o u t 1  ine 
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Background on actlve metal reactions and bondlng 

Reaction exp&nents on a rrotrlx of conpositlons 

V and TI as actbe elements In Au-NI alloy 
. , ,  

. .  substrates wtth varylng ratios of AI2O3 and SIO, 
Microstructural and carposltlonal analyses of 

. .  , .  Interfazes to infer r&bn t-redxnlsrns 
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The Need for improved Joining Techniques Motivates 
, .  , .  

Study of Active Metal Reaction Medxnisms , 8.:, '. .: . .  
". 

. .  

b Centralquestion Is howdoa3heelementsprcmote 

TI-Ago alloys are s t a n d a r d  Mare limited to 400°C 
In most cases TI segregaies to cetunlc Interfm and 

r e a c t s  
Is thls the mechmlsm for othercch elements, such 

as Zr andV? 

, . . .  . 
.. . . . .. 
. .  . 

, . ; :: . . .  . . . . . ,  ,. . 

When Wu-T i  is  Heuled on Alumina the Ti 
Segr-s to the Interkmcnd R e a d s  With It 

T 
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Ti is a Well-Known Promoter of lnterktciil 
R e a d i o n s  in W i e  Metcll Braze Alloys 

used as small cxkiiitions (1 -4 wl%) to non-wettiq 
alloys or wated directly to cemk 

Ti promotes wetting of cercmic and then tLpi i ly  
reacts by a redox mechanism 

r e d i m  zones are usually thin cnd refra3ory 

V m r s  to bskm similarly as an dve alloying &ition 

Gibbs Energies of Formation Show Relcrti 
Stabilities of Transition Metal Oxides 

AGO, at 13OOK for M + 0, = MOz 
. .  

. .  . 
, .  , 
. .  . .  . ,  

... ~ , .  . .  , .  
. .  : : l i  Oxide AGO, , H h o l  O2 

.. . . 
. . .  , 

, ,  

.. , 

. . , . , . , . 
, . ... 

, ,  , .  . .  

, .  vo, - 4835 , .  

, .. ' . . :  ' TiO, 

. .  
... 
. . ,  . ,  - 707.7 ,:, ; . . .  . .. 

. , ,  ZrO, - 8545 
. .  . . .  . .  . .  

H f o Z  - 909.1 
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We Corrpared Recl=tlons of V d TI-Contcllnlng  Alloys  on 

Four Cetwnlcs with Differing A1203/S102 Ratlos 
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High Temperature Reactions Were Studied in a 
~ o I I e d - A ~ s p h e r e  Funxrce 
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NioroABA Wets  Sapphire  When  Heated 
at 1000°C in UHP Argon 

82w%Au-16Ni-0.7Mo-1.75V on sapphire I 
100 

90 B ;P; 

V 140 
$ 60 

50 

30 
-5 0 5 10 I5 20 25 30 

Time 

Sandia  National  Labs - Advanced  Materials Labratow ilsw"3 I 

Compositional  Maps  Show  Segregation  in  the  Alloy 

No Evidence of V-Containing  Reaction  Layer 

NloraABA (1.75M V) on sapphire for 5 mln at lWO*C 
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V-Containing  Braze  Alloys Do Not Wet Alumina 

Ceramics as Well as Those  That  Contain  Ti I 

I 
I 
I 
I 

Ag-Cu-Ti  melts, 
retractstoforma 
bead  and  then 
spreads to Its 
equilibrium amtact 
e a e  

Alioyfoa kated on sapphire, 99.8% Alp, and S i 4  for 
30 minum a1 1OOO'C in  a gettered vacuum  almosphere 

Sandia Natbnai Labs - Advanced Materials caboratory IQmW 19s 

I 
I 
I 

I 
Nioro- 0.75%Ti Wets Sapphire at 1050°C and 

Bonds to it After  Cooling 

I 
I 
I 
I 
I 
L AI, 0 

Ti  segregates to the interface,  which is r o u g h ,  but no  evidence of new phases 

Sandia  National Labs - Advanced hblerids Labralay izpM 136 
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Rough  Interface Shows More  Interaction  Between  Sapphire 
and  the  Nioro-V Alloy Than  With the Nioro-Ti 

Sandia  Nalional Labs- Advanced Materbis LaboralMy &ma' 
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Both V and  Ti-Containing Alloys Wet 96% Alumina . . ,  2. , .  

and  Bond to It 
., . , . , , ,  i .  . . ,  

. I  . , 

. .  . . ,  , ,  ,.... , ,  .I/ 
. , , ,  , .ic, 

,, , .  :...~::. 
. ,. . . .  

Nioro-  1.75%V  Nioro-  0.75%Ti 
..: : , L  , ~' 

. , , . .~., . ~ . 4 '  . .  . .. 

Alloys heated on Coon 96% alumina for 30 min at  1050'C in geQered Ar 

Iandia  NaUOnai Labs - Advanced Malerlals Laboratory Rgm'38 
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. .~ :;.., ': Both Alloys Show  Evidence of Reaction  With  Mullite 
' ,  , 

. ,  

AI, Si, 0 .I 

Nioro- V Shows  a  More Complex Reaction  Zone at the 
Fused  Silica  Surface  Than Does Nioro-  Ti 

Niom- 1.75%V Niorc- 0:75%TI 



Nioro- 1.75%V Reacts  more  Extensively,  the 
Higher  the SiO, Concentration  in  the  Ceramic 

30 mln at 

1050'C 

sannhire 
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3ardla National Labs ~ Advanced  Materials Laboratory * I r 1  

EDS Analysis  Shows  Compositional  Segregation at 
Ceramic  Interface 

Nioro-V  heated on sapphire for 5 min at 1001 - 

Sandia  Nallonal Labs - Advanced  Materials  Laborstory *l'' 
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EDS  Analysis Suggests Possibility of React ion 
Betwen V in the Nloro Braze Alloy axl m i r e  

Simple Redox Reaction Befwm V crnd A1203 D o e s  Not 
Provlde Sufficient Themcdynanic Driving Force 

.3V + Ai203 + 3VO + 2AI 
AWL1 3000 = +302.0 KJ 

Might obtain further driving  force  from readion 
of AI (AIV,O,?) or from its  solution in the alloy 

I 



. . . .  , . .  . Simple Thermdymnk C a k x l m s  Show ReacHcn 
of V is More Favordde M 30, Than WHh A1203 - 

. .  

. .   . .  . . . . . .  
, 3V + Ai203 + 3VO + 2 / 4 1  

. . ~ ,  . , . ,  
. .  . 

.. , AGO41 3004 = +302.0 KJ 

., , , 

. . .  . .  . . . . . .  . . . .  

2V + 30, i 2VO + Si 

AWL1 300K) = + 36.3 KJ 
. .  , .  . . 

However, additional r e a z t o n  still must be 
invoked to give a negative Gibs energy 

s a n x l ~ L o b s - p d K n r c l ~ r b l s M o r d w y  - 1 6  

. .  

. . .  . .  

. .  . .  .: Summary and Conclusions 

Both Au-NI-V and Au-NI-TI alloys wet the ce rm ics  at 
105O"caxlmtothem 

The Au-NI-V alloy r d  more exhsively with all the 
substrates than the Au-NI-TI alloy 
.Someev[dencetkftbothVcndTisegrsgatetothe 
lnterfa=e 

Reaction of the Au-Ni-V alloy Increases wlth lncreaslng 
SIO, content In the ceranic 

Someofthesedifferencesmaybecbtotheh~r 
c c i k  elemerrt ammtmtbn In the Au-NI-V dloy 
(4.lat%VvsO 2.7%TI) 

anxlhbflOrdLaba-pdKnrclMderblsLotorolwy 
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LDRD - Wetting and Spreading Dynamics of Solder and Bmze Albys 

ASCI - Fundamental  Mechanisms for Ceramic-Metal Brazing Rxns. 

((3. Kellogg, M. Hosking, cr. west, - *- g, U. JeMlSOn, P. Kotula, 
R. Loehman, R. Plass, N. Shinn, ~ ~ ~ ~ ~ ~ . ~ ~ ~ ,  J. Stephens, E Yost) 

I 

v. Motivation - Why Atom? 

the  cost of atomistic  detail are sizdtime constraints 

Miniaturization 
> hditional joining  knowledge  challenged 
by  the  new  driving forces at  high  surface to 
volume  ratios 

systems 
> impetus for evolution is great in join regions 
> increased  atomistic  understanding will produce  better 
constitutive  relationships 

.. , : 1 _';,:. ,.&e 8 ': :., , ':'~*::' 
;;.,: ..:.>;, :;,; .., >. ' , , '  2 

r 
.. ,:.:.,; " . ' T . , .  .'.,:',':' 

, ,, :i , ~ ~ . I  ,.. L : ,  ..,%, ,3'? mnI@ @EL 
, ,  . ~, ,? .. ~ , .  



Molecular  dynamics (MD) .. . trajectory of every  atom;  Monte 
Carlo . . . equilibrium  properties - interfacial  structure  (composition$  coordination) 

dynamics  (dt@sion coeflcients, spreading rates) 

residual stress distributions - T/armosphere  dependence - precise control over surface  structure (grain 
boundaries) 

Interatomic  Potentials 

ab initio methods are highly accurate but most  subject to 
sizdtime constraints 

microstructure  and wntinuum models lack detail to refme 
constitutive  relations 

classical atomistic  modeling fills the s idt ime gap 

I Accurate  mapping to materials  systems ' 

. . ,  . . .  
. .. . 

... 

i I , . .  . .  
. .  . .  

Metals . . . many-body  potentials 
Oxides . . . long-range charge interactions, covalent effects 
Reactions . . . alloying, oxidatiodreduction 

I 
I 
I 
I 
I 
I 
I 
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K MD Simulations of Reactive 
Wetting  and  Spreading 

Fundamental to joining process 

Metal systems (embedded  atom  method potentials) 

. .  . .  

>,. 

etting  and  Spreading  Simulations in 
Metal  Systems 

I I 
Blue - Cu 

-1-1 White - Ag 

Ag(1) on Cu( 100) 
'P1300K 



, ,  
. .  . 

. . .  . . , . . . . .  
. ,  .. 
... . 

. ,  
I. 

-. 

urrently  Analyzing  Interfacial  Structure 
and  Dynamics for Large  Systems 

T = l O o K  

T = l W K  

I 

more  challenging interfaces to model using classical  atomistics 

need a potential which  embodies  pure  metallic interacticms, 
pure  ionic interactions, and the interim sub-oxide  range 

oxidation/reduction reactions  inherent to these  interfaces 

charge must be  able to change as a  reasonable'function of 
environment 

r ES-EAM (ES+, Qeq, etc.) 
. . . .  . .. . . . .  . .. . . .  . .  . , ;  . .  . 

.. 
. . ,  , 

. . .  . 
.,. . 

mun IS5 @k 
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ES+ Potential for AVO System 

Streitz & Mintmire; PRB 50(16)11996;  1994 
> fit to  properties  of Al and a - A&O, 
> alumina surface  energieshelaxations,  elastic 
response,  fracture 

. .  

LSU - oxidation of aluminum nanoclusters, sinking 
alumina, atmospheric effects on Crack growth (million atom 
simulations) 

favorable  comparison of bulk K - A&03 with ab inirw results; 
now doing  interfacial tests 

, . .~ , ~. . . . . . .  
. . . .  . . .  

. .  

. . .  

I 

. .  

-$4r 

. .  

. .  . . .  
. . .  

. . . .  

. .  



Analyzing  the  MetaVCeramic  Interface 
I 

.. 

Computationally  Intensive 

3338 atoms total; t = 10 ps 

need larger system sizes and longer durations but . . . 

this calculation took -3 weeks on a DEC alpha 600 MHz 
processor 

96 

. .  . 

. .  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Needs & Opportunities 

collaborations  absolutely  essential 
> nano and  micro scale modeling,  experiment, 
characterization 
> ab initio calculations;  experiment 

> comection with LSU group  (codelexpertise) * 
. . .  . 

must  use a scalable,  parallel code for ES+ type potentials 

understanding  interfacial  behavior  of  active  elements  is  kev 
to adequately  describing  braze  systems (Ti, V, etc.) 

, 

..  , 
. .  

. .  
. .  

Needs & Opportunities . .  . .  . . 

%curate  description of interfacial  thickness  and  composition 
as f(T,composition,etc) 

. .. ~ . , .  , 

. , , . . . . 
: e . . :  ' ~. . . .  

residual  stress'  distribution 

effect of atmosphere 

reactions at grain  boundaries, steps, and  other  surface 
features 

better  constitutive  relations,  more  accurate  models,  increased 
accuracy of reliabilityflifetime  predictions 

plawr 161 
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I 
9.0 New Analytical Characterization Tools 

brazing  reaction  products,  microstructures,  phases,  and  compositions  (Figs. 162-167). Automated 

x-ray  spectral  image  analysis  (AXSIA)  is  the  latest analytical tool that  is  being applied to 
studying  ceramic-metal  interfacial  reactions. The technique  provides phase spectra and images 

that are normally  difficult to obtain  using  conventional  point or area solutions. P. G. Kotula 
described the capabilities  of this new analytical  tool. It allows  quantitative  identification  and 

comparison  of  complex  reaction  products  and  phases in braze  and  solder joints (Figs. 168-171). 
It also can  be used to  investigate active metal-ceramic reactiom, that  directly contribute to 

hermetic  braze joints (Fig. 169). , .  ,, , .  

I 
1 
I 

. , .. I 
I 

. I < ,  , . .  

: , .  . . , .  
. . . .  

, .  
~: . .  

Spectral  imaging is particularly  useful on samples  that have random or discrete  interfacial 

reactions  (Figs. 172-175). Rather  than  guessing or being  lucky  in  finding  the right sample 

location for analysis,  AXSIA  reveals  important  phase information without  foreknowledge  of  any 

point analysis  or  elemental  mapping.  The  resulting  spectral  image  shows  each  phase  and its 

distribution in the  microstructure. This is  usually done Fist at  a  micro-scale  level  with  scanning 

electron  microscopy (SEM). More  detailed,  nano-scale  analyses  can be performed  by  selecting 

specific  areas  of  interest from the SEM spectral  image.  For  example,  the  interfacial  reaction 

between  Ag-Cu-Hf active filler  metal  and  alumina  is not continuous  or  thick.  Spectral  imaging 

has  been  used  to  find  areas  along  the  braze-ceramic  interface  where  the  reaction  product  occurs 

(Fig. 172). Scanning transmission  electron  microscopy (STEM) samples  can  then be prepared  in- 

situ by  a  focus  ion  beam (FIB) milling  process.  Reaction  thickness  and  phase  identification 

analyses  quickly  follow. 

I 
I 
I 
I 
I 
I 

This powerful  imaging  software  tool  is  being  applied to other materials characterization 

techniques. The result  will  enable  the  materials  research  community to track  more subtle changes 

in  microstructures  and  chemistry  with  greater  analytical  sensitivity  and  faster  solution  times. 

1 
I 

. . . . . . .  
, . .  . .  

. .  
. ,  
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Advanced  Characterization of Brazes: 
Automated  Analysis of X-ray  Spectrum  Images 

I I Sandia National Laboratories, Albuquerque, NM 87185 

Y A X S I A :  Automated  X-ray Spectral Image  Analysis 
The Big Picture 

Developed  under RF (DP-10, Aging  and  Reliability)  to  provide 
greater sensitivity  to  small,  aging-related  chemical  changes..  .but 
it's  application  is  much  broader than this 

Leveraged  against  Brazing FW, BES Corrosion program, and  a 
number of our bigger  customers  who all benefit from AXSIA 

. . .  
1 2 .:.: .~ 

Provides  detailed  chemical  information  about  braze 
microstructures for process feedback,  fundamental  research, and 
modeling.  All spanning from hundreds of microns to tens  of 
nanometers 

,?J;y '-i , . ,>x .i ;a3 ;:,, .: ,, 
, .. . . .  ,. , .. 

: .  , 
.. . . . .  

. .  , .. . , . . . . . . . . . .. 

m a  ~ : . .  
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. ,. : . . , . , .  , .  
Point  analyses  can  be  subjective- 

where to take  them from and  how many. 

2D distributions  of  chemical  phases  are 
of a needed but  simple  mapping  alone  is  not 

the  answer.  Mapping has potential 
artifacts and requires fore-knowledge. 

'Phase images' are needed-a spectrum from each  phase  and M 
image  describing  where  in  the  microstructure it's found 

Ultimate  goal-Detection of subtle  changes  due  to  aging,  earlier 
or  with  less  severe  accelerated  aging 

braze to alumina 

@ navrw @JL 

.7 

Electron probe (STEM, SEW 

'Ihin + foil or 

I A 
EELS 

Spectral Series  (dynamic  exp.) 
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Start off with  a  spectral  image-a  complete  x-ray  spectrum  from  each 
pixel  in a 2D array, sampling  the  microstructural  region of interest 
(hundreds of microns on a  side (SEM) to nanometers on a side 0) 

Perform  a  complete  statistical  analysis (infomtion extraction) on 
every  spectrum  in  the  spectrum  image  using  the AXSIA software. 
Analysis time on a  spectrum image with over 16,000 spectra is only 
about  a  minute. 

The  result  is  a spectrum from  each  phase  in  the  microstructure  and  an 
image  describing  that  phase's  location  in  the  microstructure: 16000 
spectra are  reduced to a handful  with no loss of chemical information 

PYgYn165 

e.. ..A 

I 
I 
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r 

: Automated X-ray Spectral-Image  Analysis 

>'$@ 
., "": 
... 1% 

4hlmiM 

:.I, @ 
,,;>,:, , " . '  . .  . (50 pm field of view) mhE.,, Ti at the  interface promotes bonding md hermeticity 

nsvn 169 

. .  . Her Nowhermetic  braze 

. .  . .  . .  . . .  CiMcrmotallic famation at Kovar . .  

RGB'  composites of AXSIA results  from two NG brazes 
inteafice scavengw Ti) I 

102 

... 

. .  

I 
I 
I 

, .  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.., i',,,. . . <.,,..: 

alysis of a  solder  interface: 8 phases .~ 

.,. . . ,< ,. 
: ,: 

.,, , . , . .. , . 
RGB representation 

, .,, , 

. . .  
~~ 

of the phases 

14 minute acquisitio- 
1 minute calcula I 

50 msec total dwelvpixel I 
NORAN Vantage DSI (Digital Ittug115 WIUI S~CWIU m a p g ~  
JEOL 5900-LV, W lilament, ZOkV, 1- dtttcta (138eV), 
128x128 pixcls, 1024 Oharmcls, 500 F e  0.1 mscdpixel, 30% Dead time 

@ -170 BdE. 

Analysis of a  solder  interface: 8 phases r . . r  .. . 
. , .  . . . . .  

. , I .  

Pb = 
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. . . . . . . .  . . . . . . .  

. .: 
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. . . . . . .  
. .  kIA: Finding  the  needle  in  the haystack 

... I ~ . I  ..,, ~~ .,,~., ..,, . , 
i :.Alumina 
*<e:,b.&e:;; ~ /.,.,_ ~ * W - * ~ . v i  

. . . . .  . . . . .  
, .  

. . .  
, 

I .............. ~, ........ 

I (150 nm/pixel- 
resolution limited by 
x-ray generation 

m 

of Hf-CuSiVAlumina Interface 

8, , ,  I '' 

. . .  
. . .  . . . .  . .  

.... 

. . .  . . . .  . .  

. ,.., :,. . .  
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I less than lOnm Hf-0 laver at interface I . 
(thin represents moderate resolution STEM...-lnm is best) 
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SIA: Automated  X-ray  Spectral-Image  Analysis 
Impact 

We  have  developed  the  next  generation  of  microanalysis  tools  at 
Sandia.. .AXSIA, with  future  development  impacting  other  spectrum 
imaging  characterization techniques (XRF, Auger, SIMS, EELS, etc.: 
Now  have the capability to track  subtle  changes in a microstructure 
with  greater  sensitivity than before.. .Recess changes,  FA,  etc. 

Will  impact  understanding  of  interfaces  at  the  nanometer  scale  and 
try to  answer  the question: How do active  metals promote brazing? 

Already  utilize AXSIA for  almost all  internal customers  problems 
Neutron  Generators,  Microelectronics  {failure  analysis  and  process 
feedback), MEMS, Corrosion,  LIGA,  Solders,  etc. 

Licensed AXSIA to Therm0 NORAN, Inc. 
Fipa 176 @EL 
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10.0 Development  and  Production  Brazing  Support 

A  critical  link  to  Sandia’s  brazing  research  initiatives  is  the  application of the resulting brazing 

knowledge  and  expertise  to DP design  and  production  needs.  Integration of these R&D activities 

is important if the  right  technological  information  is  to be delivered  and  implemented withii the 

required  program  times  and  costs. J. J. Stephens  highlighted current DP brazing  engineering 

support  (Figs.  177-198).  The  work  utilizes  materials,  processing,  and  modeling  capabilities 

There are three areas  that  have  received  particular  engineering  attention; active metal  braze 

alloys,  braze  process  characterization,  and  braze  alloy  mechanical  properties.  Ceramic-ceramic 

and  metal-ceramic  braze joints in DP components are the drivers for these  activities. The 

principal  focus in new  component  designs  is  the  development  of  alternative  and  viable active 

Process. surveys  have  shown  that  active  metal  brazing can significantly  reduce the number of . 

processing steps necessary to braze  ceramic  assemblies. In some  cases,  this  reduction  can  be  as 

high  as 20-25 percent by the  elimination  of  ceramic  metallization, f h g ,  plating,  and  cleaning 

steps. The technology  challenge  for  active  metal  brazing  is  to  demonstrate process repeatability, 

compatibility,  and  reliability.  This  requires  the  scientific  and  engineering  knowledge of  how the 

process  works, is controlled,  and  can be optimized. 

A key issue in active metal  brazing  is  the  characterization of the b d c e r a m i c  interface. The 

reaction product and  resulting joint structure  can  significantly  vary,  depending  on the type of 

active  constituent  (Fig.181).  This can be complicated by competing reactions with other base 

materials  that  comprise  the  braze joint. To further  complicate  the  problem,  these  reactions can be 

enhanced or stopped,  depending on the  type of filler  metal  system, active element, or barrier 

coating used. Alumina-AgCuTi-Kovarm  braze joints are good  examples  where  reaction by the 

filler  metal  with  the  Fe-Ni-Co  alloy  causes  scavenging  of  titanium and poor  bonding  to  the 

alumina piece (Fig. 182). Nonhermetic,  lower  strength joints are the  result.  The  same  reaction 

does  not occur between two alumina  parts.  The  problem can be corrected by using  a different 

active  element,  such as zirconium,  which  is not as sensitive to the  scavenging  reaction,  or  a 
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barrier  coating,  such as Mo (Fig. 183),  which  can inhibit Kovarw dissolution.  There is also 

evidence  to  suggest  that the AgCuTi  braze  process  may be more  reliable  at  higher  brazing 

temperatures  (Fig. 184). As processes  are  better  characterized  and new active  metal  brazes are 

developed,  such as those containing  active  intermetallic  compounds,  thermodynamic,  phase 

equilibrium,  and  solubility data need to  be  considered  when  making  decisions. 

An  important part of process characterization  is  understanding how critical  process  variables 

affect process outputs, such as braze joint heketicity, strength,  and microsaucture. The  outcome 

of  such  a  study  is  a  statistically  designed space solution  to the brazing  materials  and  processing 

conditions,  rather  than a limited point response. This approach is  valid for both  conventional  and 

active metal brazing  systems. An example  is the large tensile button  study (LTJ3S) that is 

quantifying  the  effects  of  alumina  ceramic type, Mo-Mn  metallization  thickness,  Ni-overplate 

thickness,  braze  thickness  (i.e.,  volume),  brazing  temperature,  and  brazing  time on properties 

with  ASTM  F19  tensile  specimens  (Fig.  189-193).  The study will  define  the  optimum  production 

conditions for making reliable 50Au-50Cu  metal-ceramic  braze  joints. Kovarw interlayer  and 

alignment conditions appear critical to the success of  the  process. 

Another  important  applications area is  the  development of a  properties  database for brazing 

alloys  (Figs.  194-197).  For  example,  lower  strength filler metals  can  better  accommodate  strain 

mismatches  across  metal-ceramic joints. In general,  elevated  temperature  tensile  and creep 

properties  are  needed  when  designing  reliable braze joints. Order-disorder  reactions are a 

particular  problem  for  some  alloy  systems,  such  as the 81.5Au-16.5Cu-2Ni  filler  metal,  which 

can  generate  high residual stresses that cause  cracks  and failures in  the  ceramic  or  at  the  metal- 

ceramic  interface.  Conversely, creep properties for 5OAu-5OCu indicate  that  ordering  is  very 

sluggish  and  does  not create the same ordering  problem. 

In summary, active metal braze alloys show promise for hermetic  applications,  process 

characterization  is identifying optimal  braze  processing conditions, and  a  wide  range  of  braze 

alloy  properties  is available to meet  the specifE joint requirement. 
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'pril4,2001 CeramlcAAetal Braze Workshop 

I "  
I Development  and  Production  Brazing 

I John  J.  SteDhens 

I 

Joining  and  Coating  Dept.  (1833) 
Sandia  National  Laboratories 
Albuquerque, NM 87185-0889 

I "  
ic 
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r' Development and  Production  Brazing 

Active Metal Braze Alloys 

- Compatlbllity Issues: Cu-Ag-Tiln Kovar/Alumhajoints. 

- Alternative  approaches: Zr actlve  element  addkfon. 

~, , , .. . , . braze  alloy  w/reactive  metal member. 
Dlrect  braze using conventional 

. .  . . .  

Process  CharacterIration Activltles I - Braze Processes: use of ASTM Fl9 tenslle buttono wKovar 
lnlerlaypr to upturn act& J&t rnaferfals. 

Gamral siren~th concfderailons - Mechanical  Properties  Considerations - B r b  Alloys 

&lYWWlt *om mehl/metal bmzlng. 
, .  ,.. , , , .  . . ,  . .  

,,., , .  A W  use of braze 8Iloys that order 
. .  ddng component pmcosslng or w k e .  

. . . . . . . . 
,,.... Potential: 

M v e  metal bnrlng can reduce  the number of procesa atepa In 
componant production (a many  as 20%). 

Engineering Challenges: 
. .  "MeMn" pmes8 ha8 a long hlstory. 

. .  . 
',:. , .  . . 5 > : ,  .,: 

Comprtlblllty Issws In Kovarl 
~ . .  . 
, . , . . .  CwAg-TUAlumlna braze jolnta. 

. . .  
. . .  . 

, .  . 110 
. .  

.,. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Au-Ni-M 

sumtaarui use ~ A B A  technology 
mqulrclo (I thorough  undemtandlng 
of lnbrhcr rmctianr. 

. . .  . . . . .  . .  . .  

1 actrvatlon 
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TI  Scavenging  is  a  Problem  for  KovarlAlumlna 
Braze  Joints  wlAg-Cu-TI  (Cusil  ABA) 



. . ,  , . , .  . , , . . . . 
. .. . . 

. .  
. . .  . . ,  , 

D t h l o k m # r U b W U  

hermetic jolnts with 
aCgptabk) rtrmpm. 

t Results  wlBare  Kovar  Using CusilABA 
Is Ma lined C - - 

! 

I - -  I I " W  

---m -111-m 

Results suggest that  above 960°C, perhaps the scavenge 

The  hlgher  temperatures may present problem for spectfic 

phases  dissolve Into the brazement. 

Joint geometries. 
npVn I84 

r * - u q  @E5 
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!&r Active  Alloy  Avoids  Active  Element 
FI" Scavennina in Kovarm/Alumlna  Braze  Joints 

I 'F' 

2aCll.69&22r (an) 
- -  

Zr source: Cu,Ag,Zr,. I 
UO, forms at the Interface 
betwaan Cu-ApZr and  alumina 

prwsurs O2 envlronments. 
Thls alloy requlrea wry low pamd 
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PeakTemperature (control) 

Ramp Rate Above 2nd Soak 
(2,4,6*Chin.) " 

Braze preform thickness ' 
(am, 0.00% 0.004 in.) 

Ni plate thickness 
(O.oaOl,O.oooP, O.OOO4 in.) 

Metaillze thickness 

Ceramic type (94% alumlna) 

(sss, 1012,1o2(pc) 

L 

I. 

(O.ooCn, 0.0006,0.0012 in.) 
n 

1 

on Study: Kovar interlayer and 

*Avg. m g t h  ohlned wlNorma1 Metpllke  Firing le comparable to 

Modify bran, fixtun, and Kwar interlayor dimen8iona to improve Kowr 
Extended Firing. 

interlayer ailgnment. 
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Status - Large Tenslle Button Study 

Complete  sample  matrix brazed - 11 furnace pns done. 

Sample8 have beon Inspected  tor  interlayer  mlrcllignment  and 
topbottom  misallgnment 
- awsiting  leak  check of samples. 

for cross  section  (eliminate  worst  misalignment  from  pull  testing. 
- comblne  inspection  data  and leak check to determine samples 

- tensile  pull  testing of samples. 
- electron  microprobe traces of mounted  samples to determine 
alloying levels. 

. . .  . . .  . .  . , .  
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Elemental  brazes  (data from the  Ilterature): Cu,  Ag  and  Au. 

Conventlonal  braze  alloys  (braze to metallized  ceramlc): 
5OA~50Cu 47AU-50CU-3Nl  62Cu-35Au-SNI 
92Au-8  Pd  82Au-18Nl  82Ae181n 
72Ag-28Cu  61.5Ag-24Cu-14.5ln  88Au-12Ge 

Actlve M e t a l  Braze Alloys @ m e  to bare caramlc): 
Pator0 + mv [9oAU-wd-2v] 
N h o  ABA [82Au-15.5NH).75M0-1.75v] 
Cu&l  ABA [63Ag-3$.25Cel.75Tl] 

. .  Incusll ABA [5BAg-2725C1+125ln-1.25lll 

, .  : . , . .  . .  
, i  

on8 In Braze Alloys Can 

~~tlVBl.SAu-l6JCII.?NUrnramIc 
braze jolnt we8 cracked and non- 

*Work by J. wlttenauer, LOCkhWd, 

alloy does order 0 300%. 

hermetlo alter 2 hr. bakeout at 300%. 

conflrmed that 81.5Au-16.5Cu-2NI 
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I Room temperature  str-s-strain  propertles: yield stress unchanged, 
ordered  condltlon has higher  work-hardening  slope. 

I 
I 

w, . . . ... . . .  , .  . ,  .:. 

\* ...  .I 

f ,;& 

g 

... 

.:# - 
Relatlve to the 2'hr. 75( sellne, the 350"C/250'C ordered  data 

R 
1 

(.. .i .,... ,;..:. ..: 

represents an avg. -20% Increase In creep  strength. 

. .. 
T 

Active  braze alloys show promise for hermetic  applications. 
- Braze alloy compatlblllty  wlspecltlc joint materials  must be 
considered. 

Process charactertzatlon with tensile buttons pennits the 
ldentlficatlon of optlmal braze proteas conditions 

- interlayer and button alignment  are critical quantities. 

- A large sample matrlx Is hard to complete in a  production fadiity. 

Braar, dloys Indin% a wick mnge o?ava&bk stmngth& 

- For m.tlllcrr.mk bran& uae alloy8 wlth mi.thnty low 
amepnmrile to aooommodmm mismatch otrdnr. - Avold siloyo lhat or& tf tM lwub In a eignicmt incnew In 

or a volume change. 

119 



. .  . .. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Develop  technique  to  measure  residual  stresses  in  ceramic-metal joints 

Compile  a  list of published  and  unpublished Sandia ceramic-metal joining related  work 

Brazing  Research  Opportunities 

Use current programs to address  broader  national  needs 

Couple  atomistic  and continuum modeling 

Solve diffusion  equations  for  brazing  reactions 

Develop  active  braze  alloys in paste form to broaden joint geometry  choices 

Export braze feedthrough technology  and costs to other  relevant  users  (DoD,  NASA, 

CRADA' s, WFO' s, etc.) 

Expand  PDP, LDRD, and  ASCI/MAVEN  program  support 

More use of  Nicoro+2%Ti 

TeamingAeveraging  internal  and  external  brazing efforts 
Better defiition of braze joint reliability 

Validation  experiments of braze modelskodes 

Fundamental  process  characterization 

Correlation of braze reactiondstructure to properties 

Brazing  Research  Barriers 

Convince  management  and  funding  sources  that  brazing  still  needs  more  Fundamental  R&D 

Need  analytical  techniques to study braze joints at high  temperatures 

Lack of techniques for selective  heating of buried  interfaces 

Time  and resource constraints by production 

Lack  of sustained,  coordinated  support 

Flow of information  to/from outside organizations  and  companies 

Lack  of  Ownership/sponsor  for  ceramic joining 

Brazing  Activities That Require Less Emphasis 

Too much  trial  and  error  or point solution  work at Sandia 

Too much  disconnected  work 
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Schedules  should not be the  prime  or  only  research  driver 

Evaporating  molybdenum or other barrier  coatings  on KovarTM to  make  Cusil ABA work 

Focus on issues  that “are not working”  versus  those  that do 

What  Are  the  Recommended  Actions for the Brazing GrouplInitiative? 

Annual meetings 

Group of stakeholder  representatives 

Strategy for higher,  more stable funding (priority) 

Website  to  interactively  share  and  discuss  brazing  issues 

Sandia  brazing resourcddatabase site (internal  and external) 
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12.0 Summary  and  Conclusions 

The workshop  provided  a  unique  forum for assessing  Sandia’s  brazing  science  and  technology 

research  activities.  The  presentations  and  discussions  highlighted core facilities  and  people 

resources.  The  integration  of  these  different  research,  development,  and  production  programs 

into a cohesive brazing  initiative  will be critical  toward the sustained  growth  and success of 

Sandia’s  brazing  capability. 

An important  outcome  of  the  workshop  was  to  determine  the  external  relevance of Sandia’s  work 

by other  experts in the  brazing  community.  The two invited  speakers,  Drs. A. Tomsia  and  T. 

Oyama,  who  assessed  the  current state of  brazing  science  and  technology,  gave  overviews.  It  was 

concluded  that  Sandia  plays an important  and, in many cases,  leading role in  the  understanding 

and  advancement  of  ceramic-metal  brazing. In particular,  the  fundamental  work  being done on 

active  metal  brazing, braze modeling,  brazing  metallurgy,  interfacial  reactions,  and  braze 

properties  greatly  complements  other  industry  and  university-directed  activities. 

Sandia is  developing  a  powerful  suite of theoretical,  experimental,  computational,  and  analytical 

tools to solve difficult materials  and  processing  problems  that are usually  applications-driven. 

Examples  were  highlighted. Most research  has  focused  on  the  development  and  qualification  of 

active metal brazing for manufacturing  neutron tube assemblies. A production  perspective of 
how  these  activities  support critical production  needs  (schedule,  costs,  reliability)  was  given, 

including an overview of progress in the  areas  of active metal braze alloys,  process 

characterization,  and braze alloy  mechanical  properties. 

An important  outcome of the  workshop  was to identify  brazing  research  needs,  opportunities, 

barriers  and  recommendations.  The identifed needs  and  opportunities  align  very  well  with 

Sandia’s  brazing  research  capabilities.  The  greatest  barriers to formalizing  a  successful  brazing 

initiative are the lack of  sustained  funding,  long-range  customer  commitment,  principal  program 

champion@),  and an information-sharing  network. An annual workshop or focus  group  meeting 

would serve to stimulate these  programmatic  discussions  and  develop core strategies. An 

interactive  brazing  website could also  provide  the  necessary resource for sharing  critical 
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information among  the  research,  design,  and  production  communities at Sandia, throughout the I 
DOE complex, and with  other external customers. I 
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