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Background: Brazing defined &
nonmetal brazing considerations

Brazing is a method of joining materials
and typically meets three criteria:

• Takes place 450°C
• Parent materials not melted
• Braze filler metal is drawn &

held within the braze joint by
capillary attraction.

CTE Metal > CTE Ceramic, (am > ac)

Unconstrained Substrates
Room

Temperature

ac

am

Joining

Temperature

ac

am

Constrained Substrates
Post-Joining,

Room Temperature
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Nonmetal brazing considerations:

• Brazing nonmetals to themselves or metals
requires preplacement of the filler metal.

• Brazing to a nonmetals usually requires surface
modification or the use of non-standard fillers.

• Coefficient of Thermal Expansion (CTE)
mismatch is especially important.

ccc= CTE Ceramic, a, = CTE Metal
T= Tension, C = Compression,

= Ceramic Substrate
= Metal Substrate
= Braze Filler Metal
= Stress Direction

O

Example: 94% - 97% A1203 brazed at -1000C

Cu = 0.01471.0" mismatch

SS304 = 0.01271.0"

Kovar = 0.004171.0"

Niobium = 0.001"/1.0"

Mo = -0.002"/1.0"

W = -0.004!71.0"

A 125mm (-5") diameter assembly can have mismatch

ranging from -0.020"- +0.060" (-0.5 - +1.5mm)

Advances in Brazing: Science, Technology and Applications (Woodhead Publishing

Limited, 2013). Chapter 16, Metal-nonmetal brazing for electrical, packaging and 4
structural applications. C.A. Walker, Sandia National Laboratories, USA, Page 500



Active brazing filler metals
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■ Active brazing uses a filler metal that has been modified by the addition of a
small amount (typically 1-2 wt. %) of a Group IVA element, such as: Ti, Zr, or Hf.

■ These elements form strong oxides, stable at the liquidus temperature ranges of
braze filler metals.

■ Commercially available active filler metal compositions are limited and generic,
resulting in a few standard compositions that must be made to work with many
applications and materials systems.

■ For this study, two commercially produced* active filler metals were used as a
baseline: 98Ag-2Zr and 62Cu-35Au-2Ti-lNi (weight percent).

* Morgan Technical Ceramics

Wesgo Metals

Hayward, CA 5



Why active braze?

Conventional and active brazing comparison

Conventional

Brazing

A1203 Ceramic

Active Brazing

- Mo-Mn Paint

Sinter 1450C

Wet H2 atmosphere

- Nickel Plate

Nickel Sinter, 950C

H2 Atmosphere

Metal Substrate
Au-Cu BFM

Metallized Ceramic Substrate

 I — Metal

 Au-Cu ABA BFM

A1203Ceramic

*

1
Metal to A1203 *

Brazed Ceramic

Processes are similar for nonmetal-nonmetal brazing

Sandia
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Adapted from AWS Brazing

Handbook, 5th Edition, Page 463 6



Conventional vs.

Fe-29Ni-17Co 50

72Ag/28Cu

Air-fired AL-500

Fe-29Ni-17Co

2500A Ti / 5000A Au

154' mi crons

e 4 lse 15KV 01172

A & B: 72Ag-28Cu, 810C - 3 min, dry H2

Sandia
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Active brazed assemblies

98Ag-2Zr

10 pm

Zrpy reaction layer

94% A120,

Niobium

EHT = 20 00 kV WO = 6 6 mrn Signal A = BSD Width = 231 2 pm

98Ag-2Zr Zrpy reaction layers

1

94% A1203 

l

10 pm

 I
ENT= 15 00 kV WD=2omm Signal A = BSD Width = 264E pm

C & D: BSE images. 98Ag-2Zr at 985°C, 5 min

vacuum atmosphere. C, 1 reaction layer, D, 2

reaction layers.
Note that the Zr has successfully migrated to the oxide ceramic
surface(s) to allow the filler metal to wet/bond properly. 7
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Braze filler metal and
sample materials preparation
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Custom "active" filler metals:

• Were fabricated by depositing a 5000A (0.5p.m) layers of either Ti & Au or Zr & Ag on standard filler metals.

• 5000A thicknesses were chosen based on results from previous trials using similar thickness layers on bare
ceramics.

• The sputter deposited thin-film layers on the filler metal were always positioned toward the metal faying surface
when metal-ceramic samples were brazed to verify that the active element would diffuse through the liquid filler
metal to form a proper reaction layer.

Ceramic substrates:

• Following the densification firing at the manufacturer the ceramic samples are ground to provide the required
surface finish.

• Samples are solvent cleaned and air-fired (resintering/micro-crack healing step)

Metal substrates:

• Metal substrates used were stamped discs or washers made from commercially pure niobium or Kovar.

• Following solvent rinsing, the Nb samples were vacuum fired at 1450°C , while the Kovar samples were hydrogen
fired at 800°C.

5000/8k (0.5µm) layer of Au or Ag

5000Å (0.5p.m) layer of Ti or Zr

Standard filler metal

100%Ag or

62%Cu-35Au-3N i

. ..2%,.

Metal Substrate

Ceramic Substrate 9



Active element sputtered thickness
& equivalent weight %
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National
Laboratories

Brazing Filler

Metal

(BFM)

BFM Thickness

pm, (in)

Weight

percentage of

active element

Sputtered layer

equivalent, pm

A - Silver+0.625Zr

B - Silver+0.4Zr

C - BAu-3+0.35Ti

D - BAu-3+0.235Ti

E - 97Ag-lCu-2Zr

F - 97Ag-lCu-2Zr

G - Nicoro°+2%Ti

H - Nicoro°+2%Ti

50.8 (0.002) 0.6 0.50

76.2 (0.003)

50.8 (0.002)

76.2 (0.003)

50.8 (0.002)

0.4

0.4

0.2

2.0

0.50

0.50

0.50

1.61

76.2 (0.003)

50.8 (0.002)

76.2 (0.003)

2.0 2.41

2.0 2.90

2.0 4.35

Assumption: Sputtered layers are 100% dense.
10
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SandiaCommercially fabricated* and verses Nafional
Laboratories

custom fabricated active braze filler metal
SEM & EDS maps of Au-based filler metals (as-received/fabricated)

Commercially fabricated 62Cu-35Au-2Ti-lNi (weight percent)

10µn- I 14iirn " lOvrr löprn

Custom fabricated Nicoro®+51a Ti & 51d4 Au filler metal

1
' lOktra ' I 10µm I

* Morgan Technical Ceramics

Wesgo Metals 
11

Hayward, CA



SandiaCommercially fabricated* and verses Nafional
Laboratories

custom fabricated active braze filler metal
SEM & EDS maps of Ag-based filler metals (as-received/fabricated)

98Ag-2Zr (weight percent)

10µn-

Ag

100%Ag + 5kA Zr & 51ok Ag filler metal Ag Kul

10pri-

Zr La1

Zr La1

MLA Zr

41111.11,4141.1.1111.11, -

12

* Morgan Technical Ceramics

Wesgo Metals
12

Hayward, CA
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Metal-Ceramic sample results
1-reaction layer: Nb or Kovar to AI-500
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Filler Metal

ID Interlayer

BFM

thickness

(mils) Pacs %

Average

Tensile

Stress (psi) Notes: Ceramic Firing

A Kovar 2 1 100 n/a 99.375Ag-0.625Zr: 5kA Zr/5kA Ag on Ag foil. 1575°C-2 hrs, air

B Kovar 3 / 100 
t

n/a 99.6Ag-0.4Zr: 51o8k Zr/51o6k Ag on Ag foil. 1575°C-2 hrs, air

C Niobium
,

2
i 100 n/a Nicoro°+0.35%Ti: Slok Ti/SkA Au on Nicoro° foil. 1575°C-2 hrs, air

D Niobium
r

3 100 n/a Nicoro°+0.235%Ti: 51o6k Ti/Slak Au on Nicoro° foil. 1575°C-2 hrs, air

E Kovar 2 100 n/a 98Ag-2Zr, Standard ABA BFM. 1575°C-2 hrs, air

F Kovar 3 100 n/a 98Ag-2Zr, Standard ABA BFM. 1575°C-2 hrs, air

G _a_ Niobium
.

2 100 n/a in a Nicoro°+2%Ti, Standard ABA BFM 1575°C-2 hrs, air

H Niobium
r

3
i ¡
\,100i n/a Nicoro°+2%Ti, Standard ABA BFM 1575°C-2 hrs, air

Ceramic-metal samples:

• All samples were hermetic (leak rates <5E-12 atm-cc/sec).

• No tensile testing done.

• Samples cross-sectioned and analyzed (SEM/EDS)

14



2-reaction layer ASTM-F19 tensile

button results (94ND10 Ceramic-Ceramic)

Filler Metal

ID Interlayer

BFM

thickness

(mils)

Pass*/

Total

A None 2 0/4

B None 3 0/4

None 2 0/4

D None 3 0 4

E None
►

2 1/4

F None 3 2/4

G None 2 0/4

H None 3 2/4

Average

Tensile

Stress (psi) Notes:

3323 99.375Ag-0.625Zr: 5kA Zr/5kA Ag on Ag foil.

1077 99.6Ag-0.4Zr: 5kA Zr/51ok Ag on Ag f.

4368 Nicore+0.35%Ti: 5kA Ti on Nicoro® foil.

3320 Nicore+0. : kfi, Ti/5kA Au on Nicoro® foil.

4137

I 8752%

4 ,2.Q.4.1

98Ag-2Zr, Standard ABA BFM.

98Ag-2Zr, Standard ABA BFM.

Nicoro®+2%Ti, Standard ABA BFM

Nicoro®+2%Ti, Standard ABA BFM

Sandia
National
Laboratories

Standard ABA filler metal
joint tensile strengths are
much less than typically
observed: 14-24 ksi (95-

165Mpa), and not
consistently hermetic .

Filler Metal

ID Interlayer

BFM

thickness

(mils)

Pass /

Total

Average

Tensile

Stress (psi)

l'

Notes:

111_01110

Cerami

A None
r

2 0/4 3323 99 375Ag-0.625Zr: 5kA Zr/5kA Ag on Ag foil. 1200°C-Air

B None
.

3 0/4 1077 •9.6Ag-0.4Zr: 5kA Zr/5kA Ag on Ag foil. 1200°C-Air

C None
r

2 0/4 4368 Nic re+0.35%Ti: 5kA Ti/5kA Au on Nicoro® foil. 1200°C-Air

D None

r

3 0/4 3320 Nit roc)+0.235%Ti: 5kA TV5kA Au on Nicoro® foil. 1200°C-Air

E
,w

None 2 1/4 4137 98Ag-2Zr, Standard ABA BFM. 1200°C-Air

F None
. 

3 2/4 106
-
19
....

98Ag-2Zr, Standard ABA BFM. 1200°C-Air

G None
.

2 0/2
,00 
f11396N Nicore+2%Ti, Standard ABA BFM 1500°C-Wet H2

G None
r

2 0/2 i 6108 1 Nicoro®+2%Ti, Standard ABA BFM 1200°C-Air

H None

r

3 2/2 k 13664 1i Nicor+2%Ti, Standard ABA BFMe 1500°C-Wet H2

H None
r

3 0/2 \IS)437, Nicoro®+2%Ti, Standard ABA BFM 1200°C-Air

MTS crosshead speed = 8.38E-03 mm/sec) *Pass = Helium leak rates <5E-12 atm-cc/sec (5E-13 Pa-M3/s)

Discovered most of
the ceramic samples
were inadvertently
fired in air at 1200°C
(lower strength), not

1575°C. A few
samples were fired
in wet hydrogen at
15000C. (higher

strength)
15 



Atmosphere & Temperature Effects
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1500°C-2 hour
wet H2 fired

1

1200°C-1 hour
air fired

1575°C-2 hour
air fired

94% alumina ceramic (94ND10) ASTM F19 tensile buttons
16



2-reaction layer (2nd-group) ASTM-F19

tensile button results (94ND10-wet H2 fired)
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Filler Metal
ID Interlayer

BFM
thickness
(mils)

Pass /
Total

Average
Tensile

Stress (psi) Notes: Ceramic Firing

A None
---ir-

2 1 0/2\ 7893 99.375Ag-0.625Zr: 5kA Zr/51o8k Ag on Ag foil. 1500°C-Wet H2

B None 3
t
• / 0/2 1 3442 99.6Ag-0.4Zr: 5kA Zr/5kA Ag on Ag foil. 1500°C-Wet H2

E None 2 -MD TBD 98Ag-2Zr, Standard ABA BFM. 1500°C-Wet H2

F None
r

3 TBD TBD 98Ag-2Zr, Standard ABA BFM. 1500°C-Wet H2

C None 2 / 1/2N 10694 Nicoro°+0.35%Ti: 5106k Ti/51<fik Au on Nicoro® foil. 1500°C-Wet H2

D None
r 

3 / 2/2 1 8816 Nicoro°+0.235%Ti: 51<fik Ti/50, Au on Nicoro° foil. 1500°C-Wet H2

G None
r

2 1 4/4 1 12801 Nicoro°+2%Ti, Standard ABA BFM 1500°C-Wet H2

H None
r

3
I

I 4/4 9860 Nicoro®+2%Ti, Standard ABA BFM 1500°C-Wet H2

I None
r

3 I 2/2 :i 14580 Nicoro°+1%Ti, Standard ABA BFM 1500°C-Wet H2

J None
r

3 2/2 i 10313 Nicoro®+1%Ti, Standard ABA BFM 1500°C-Wet H2

K None
.

3 I 2/2 / 17927 Nicoro®+0.33%Ti, Standard ABA BFM 1500°C-Wet H2

L None
.

2 % 2/2 / 14119 Nicoro®+0.5%Ti, Standard ABA BFM 1500°C-Wet H2

M None
r 

2 • 2/2/ 14110 Nicoro°+0.67%Ti, Standard ABA BFM 1500°C-Wet H2

• Improvement was observed for wet H2 fired ceramics used with Ti-containing braze material.
• No improvement noticed for Ag-Zr samples. "Standard" samples still remain to be completed.

• Filler metals l - M were prepared as before except sputtered
layers were positioned toward each other as shown.

2nd-Group, I-M

7200A (0.72µm) - 14400A (1.44µm)

layers of Ti only (no Ag-Zr samples made)

Ceramic tensile button

Ceramic tensile button 17



Sample B 99.6%Ag — 0.4%Zr, 75µ,m thick
2 reaction layer ceramic-ceramic discs

Al Kai_ Ag Ko1 Zr Lal

1001im

Si Ka1

Sandia
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AK & AN 99.375%Ag 0.625%Zr, 50[Im thick
1-reaction layer metal-ceramic assembly

Ceramic cylinder - Kovar° Washer

99.4%Ag — 0.6%Zr

Noncontinuous reaction layer Zr Lctl

Zr scavenging Fe-29Ni-17Co

Ceramic cylinder - Niobium Washer

94% alumina

Zr Lal

Continuous reaction layer

No Zr scavenging

Niobium
18



Sample C Nicor0+0.35%Ti, 50[1m thick
2-reaction layer ceramic-ceramic discs

Au Lod Cu Kal Ni Kal
neC0041 Wipe )4

Ti Kal

Sandia
National
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Ni Ti
100 100lArn 100

DK & DN Nicoro®+ 0.235%T., 75µm thick
1-reaction layer metal-ceramic assembly

Ceramic cylinder - Kovar° Washer

94% alumina

•••

Ti Kal

100µm

Nicoro°+0.235%Ti

Ceramic cylinder - Niobium Washer

Nicoro®+0.235%Ti

Niobium

•

19



TB-F5: 98Ag-2Zr, Standard ABA,75[im thick
2-reaction layer ASTM F-19 Tensile Buttons

Electron Image 46

Tensile Button F5: 15.7 ksi,

NDL (<5E-12 atm-cc/sec He)

Tensile Button F5: 15.7 ksi

NDL (<5E-12 atm-cc/sec He)

110

A

Al Kul

2 pm

66rrrim

= 6 081 pm

= 5 523 om

Note crack in thick reaction layer

EI-IT = 15.00 kV WD = 8.3 mm Signal A = SE2 Width = 4613 pm

Sandia
National
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Ag Kal

14 Om,

Lr Lal

opm

Si Kal

20



Sample E: 50µm thick
2-reaction layer ceramic-ceramic discs

Zr,py reaction layers

94% alumina

98Ag-2Zr

2"itipippw 4.*

4
P

Al

,
♦ ••

Ag Kal

100prn

EK & EN — 98 Ag + 2Zr, 50µm thick
1-reaction layer metal-ceramic assembly

Ceramic cylinder - Kovar° Washer

94% alumina

Fe-29Ni-17Co

Zr

Si

Continuous reaction layer

-‘44N11111111.11%,41".01411114.......

I T. ...4, 4, , 4.11
6.P : fii. .t • s'•.., . • •IIlli • 4 •

0 • 
I •

• . . ir 4
Continuous
silica layer

ic cylinder - Niobium Washer

94% alumina

Niobium
100m

Zr

ENT•20.00 WO• own 0. MO WI... 0n

Continuous reaction layer

4 • . ./

*1 .r
, . )10 

 • 
sy‘

Si Continuous silica layer

Sandia
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Sample G Nicoro®-F 2%Ti, 50µm thick
2 reaction layers, Ceramic-Ceramic Discs

100um 94%a alumina

N icoro®+2%Ti

Au Lal

Au

Ni Kal

Ni

GK & GN —Nicoro®+ 2%Ti, 50p.m thick
1-reaction layer metal-ceramic assembly

Electron Image 101

Ceramic cylinder -

Kovar° Washer

94%a alumina

Ti

Electron 10-310 103

Ceramic cylinder -

Niobium Washer
94%a alumina

Ti

Sandia
National
Laboratories
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Different resintering
atmospheres &

temperatures within
the groups
discovered.
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18000

16000

14000

12000

10000

8000

6000

4000

2000

0

Summary

Ceramic-Ceramic ASTM-F19 Tensile Strengths

0 

♦

•

•

•
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• High Value

• Low Value

---0-Average-Strength-(psi)

K• •• "1$\0
c.°\ S)•

`otox „ cb'c , ̀b 0)
„ (o6') `0 c5x  (").) • o)oy

631- o. o. „ 63"cS3 o.
o-

Tensile Samples
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Tensile strengths of Nicoro®-FTi variants Ei

ASTM F-19 Tensile Buttons
26000

24000

22000

20000

18000

16000
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1 reaction layer, metal-
2-reaction layers, ceramic- ceramic, 96% NDL*

ceramic, 88% NDL* 21/22
6/6
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I
Received

r Reduced active element compositions

1500C-Wet H2

1 I

•
• Hign IN Low 40Average

1200C-AF
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"1 n; V- V- 3' n1 'V ctr '12 A A • A ,C.s% >-) ov .1,, ov ,), ":1,

V- Ti- tr 44:( <V W 'N c ,k` .1; ••<` ft; qi gy ‹t 4b *21'
..b.. '-6 1; to' 1;

91 <6 42f tr

Tensile Samples *1200°C-AF & as-received not included
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Conclusions
• This study confirmed the feasibility of producing active brazing filler

metals capable of producing strong, hermetically sealed ceramic-
ceramic and metal-ceramic brazed assemblies.

• Work was focused on producing filler metals having significantly lower
active element additions (0.235 — 1.0 weight percent) than those typically
commercially available.

• The in-house fabricated active filler metals generally performed better
(created a more continuous reaction layers, had greater percentages
hermetic, had higher average tensile strengths) when they were used in
single reaction layer samples than for two-reaction layer systems: i.e.
metal-ceramic joints were more robust than ceramic-ceramic joints.

• Future effort focus:
1) Fine-tune the amount of active element required to create reliable,

robust brazed assemblies for one and two-reaction layer systems.
2) Investigate further/characterize ceramic firing conditions (air and

wet hydrogen) necessary properly prepare alumina ceramic
substrates for future active brazing applications.
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Thanks much!
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Appendix /
Additional slides
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Discussion

Ceramic Firing Differences: EDS Si spectra comparison

Si Ka1

vic

t„4

As-received

25µni

Si Ko..1

Sandia
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TB-A3: 99.375Ag-0.625Zr, 50µm Ag foil

2-reaction layer ASTM F-19 Tensile Buttons
Electron Image 33

Tensile Button A3: 7.9 ksi,
4E-05 atm-cc/sec He

T 

1 100 p.m 1

AIDKal

1 100 pin

Ag Kal

1

2 pm

Sputtered film Iayers toward this side.

Uneven, sparse reaction layer
EHT= 15.00 kV WD = 9.0 mm Signal A= SE2 Width = 4673 pm

Zr Lal

••••• sm. —MINI Mma NMI

1 100 µ rn 1 100 pm 1

Si Ka].

Sandia
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TB-D5 - Nicoro®+ 0.235%Ti, 75µm thick
2-reaction layer ASTM F-19 Tensile Buttons

Electron Image 45

Tensile Button D5: 3.0 ksi,
2E-02 atm-cc/sec He

Sputtered film layers toward this side.

lovn,
ALI Lal Cu Kal

Sparse, intermittent reaction layer

EHT= 15.00 kV WD = 8.6 rnrn Signal A= SE2 Width= 264.9 prn

Ni Kal Ti Kal

Sandia
National
Laboratories

Au Cu 1

Sputtered film layers toward this side.
''-**;40 'VCF,,le*Vg•

Ti

-119X Ti

41 /"."'"1/4-4.,„„, 4'41
k
•
•

smi
took k

lOpm lOpm lOpm 31



TB-H5: Nicoroc42%Ti, 75µm thick
2-reaction layers ASTM F-19 Tensile Buttons
Electron Image 55

Tensile Button H5: 15.3 ksi,

NDL (<5E-12 atm-cc/sec He)

100iun

Au Lcd_ Cu Kal

Tensile Button H5: 15.3 ksi

N131.1.<5E-12 atm-cc/sec He)

Strong, hermetic joint.

Failure primarily within the ceramic

100 pm
EHT= 15.00 kV WD = 8.8 mm Signal A= SE2 Width = 695.8 pm

Sandia
National
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Ni Kal Ti Kal

Au Cu Ni Ti
—two reaction layers

-9X Ti
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