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Desirable Attributes of Interfaces

EX.
. Strength
- Hermetic
- Thermal stability
- Chemical compatibility
- Economical
- Pressureless Process
- Simple Process

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu
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Methods of Joining

EX.
- Metallic Brazes
. Glasses/Ceramic-Glass Composites
- Diffusion Bonding
- Nanocrystalline Interlayers
- Oxide-Metal Eutectics/TLP Metal
- Mechanical Seals
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Example System: (La,Ca, ;)Fe O3,

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu



" S BOISE @STATE

| ¥
— T . : I
To CaO .
C 0 F 0 600 2570° Moagn. ss +Liq.
a B ez 3 CaO '
i + Liq.
Binary System | e |
., M38° 2Ca0 F8203+ L|q
[ 1449 °
1400 |
‘Hem.ss
. Mogn. ss + Hem.s 5!
- 2Ca0 FGZO3+ Lig. Hem. SS+L'q‘ ‘1
CaO+ 26 A ,O'ZFG,O,+Liq, 26 *
1200 |-2C00 Fe,04/ " Ca0Fe,0,+ Lia— [ —={Co02Fe 05+ Hem. |
- sse
CaO Fe,04+Ca0- 2Fe,0
2Ca0 Fe, 0, +
1000 |- Ca0-Fe,0, CaO-Fe,0,+ Hem. |
" 1, 1 1 ) 1
o 60 70 80 0 o
Ca0 2Ca0 Fe,0, Ca0 Fe,0, Ca0 2Fe,0, F;;O, I
To CaO
gt §0 70 - 80 90 100

CaO-Fe, 0, Phase Diagram

B. Phillips and A. Muan, J. Am. Ceram. Soc., To
41 [11] 445-454 (1958). '

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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La,O,

Perovskite Structure

TLP Pathways
@ =lanthanide lon

EX.: @ = transition metal ion

CaFe,O,(L) + LaFeO4(S)
— Lay 75Cag ,5Fe05(S)

@ @ = oxygen ion, 02

[] = oxygen ion vacancy

CaO

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Examples of Other Candidate TLP or PTLP
Systems
System Pseudo-Binary System Melting Point

1 SrO-Ba0O-B203 SrO-BaB204 920-984

2] SrO-Bi203-Ca0O-CuO-PbO (Bi,Pb)2Sr2Can-1CunOx 850-863

3 SrO-Bi203-Ca0-CuO SrCaBinCu3-nOy 790-845

4 SrO-Ca0-Vv205 Ca(V03)2-Sr(VO3)2 642

5 SrO-Ca0-Vv205 Ca2Vv207-Sr2Vv207 980-1060

6 SrO-Cu0O-La203 La2Cu04-Sr2Cu03 1224-1346

7 SrO-MgO-Vv205 Mg(VO3)2-Sr(VO3)2 615

8 SrO-MgO-Vv205 Mg2Vv207-Sr2vV207 900-925

9 SrO-Mo0O3-La203 SrMo0O4-La2(Mo04)3 1005-1112
10 SrO-Mo03-Sm203 SrMo04-Sm2(Mo04)3 1100-1130
11 SrO-Sm203-Mo03 SrMo04-Sm2(Mo04)3 1100-1130
12] Cu20-Co0-Cu0-C0203 Co0O-CuO 1035-1070
13 Cu203-CuO-AlI203 Al203-CuO 1140-1250
14 MnO-SrO-MnO?2 SrMnO3-Mn304 1415
15 CaO-MnO-SiO2 Ca2Si04-Mn2SiO4 1240-1375
16 CaO-MnO-GeO?2 CaGe0O3-MnGeO3 1190-1220
17 Co0-Bi203-Fe203 Bi203-CoFe204 760

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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La . ,Ca .. ,FeO,;, Microstructure and
Joining Specimens for Scoping Studies

Tape Cast and Laminated, Sintered at 1400°C

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu
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Basic Processing Steps

Fe,O, + CaCO; + La,0,

The raw

materials, Powders are Powders are
Fe,O,, CaCO,, > mixed > calcined in air at
and La,0,, 850°C

are combined

Fe,O; + CaO + La,0,

Powders are
Powders are ) ]
milled in

dried and <:: isopropanol in a
screened o

Retsch PM 100

through a sieve Ball Mill
An ink or tape is Ink or tape is Parts are placed in
made using the :> situated :|> furnace and :|>
processed between parts heated above the |
powder to be joined TLP melting point

La, ,Ca, FeO,

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Unsatisfactory Joint Interfaces Fabricated
Usmg Course Powders

P ..‘l- - Y '.r1 .-. re - .. 1: . . X
4 A E T . p
Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Improved Small Coupon Joint Interface

Virtually no voids present, grain boundary
migration

rl . /) ] ._
" TN

Ink applied by hand, joined at -1400°C for 4hrs

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Wetting of the Ca,FeO, Phase

After heating

Before heating

1cm
I
1cm \
‘

Wetting angle is immeasurable, and the La, ,Ca, ;FeO; piece has joined with the
alumina boat.

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Wetting vs. Refractory Phase Formation

Two Phase Mixture Can React Rapidly, Forming Refractory
Phase Prematurely

1cm 1cm

=3

Before After

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu
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Phase Distribution Influences Kinetics

High MP Phase

BOISE ®STATE

| vV E R &

Low MP Phase

Too ooures

Long hest treatment imes may be
Needed to mchievs single phass joint

o et 0 2o gl !.- ovia (I. o L
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Graded Composition and Fine Particles
Provide Good Wetling and Low Sensitivity

Too fine To Hesting Rate
ol
) . o L N
oo :E:;'Itu.i'"-" i
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Rapld Heating May be Required to Avold
Premature formation of Refractory Phass

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Tube-to-Tube Joining Method

TLP Ink Applied+ T>T

f solidus
Xylene + light pressure >
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Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Fully Transient Liquid Phase
Tube-Tube Joint’
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*tube/tube interface indicated by arrows

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Overflow of TLP at Tube-Tube Interface

HES . ZEB L BEGE

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Fracture Surface Running Through TLP Joint

La ;5Ca ,sFe0,,

Arrows show location of interface

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Helium Leak Testing

I—

Helium

-

l Vacuum/He Leak Detector (10 Torr)

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu
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Schematic of sintered pre-form
for high strength manifold joint

paint and fill gap l

with TLP ink?
T > Tsolidus T meniscus shape?
Before Joining — After Joining . /

W AL L/ TNE
iy T T R 35 /

Dense, sintered multiphase TLP preform Dense, sintered single-phase joint

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu




Part —

Ex., Laminated Tape

Part —

zclbx
Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Concluding Remarks

La-Ca-Fe Based Perovskites Have Been Joined

Attributes Include:
Fully Transient Liquid Phase
No Interfacial Phase
Hermetic to <108 Torr
High Strength
Chemical and Environmentally Compatible
Very Low Cost
Very Simple Process
Ease of Commercialization
Many Potential Systems

Contact: Darryl Butt, Professor
darrylbutt@boisestate.edu
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Continuing Research

. Assess kinetics of refractory phase formation
- Assess A/B Ratio Effects

- Detalled joint characterization

- Tape Development

- Develop Graded Joint

- Demonstrations on Complex Geometries

- Assess Feasiblility for Repair

- Develop other Potential Systems

- Commercialization

Contact: Darryl Butt, Professor

darrylbutt@boisestate.edu



