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SiC/SiC JOINING for NUCLEAR 
APPLICATIONS

1. Develop joining methods for 
silicon carbide-based 
ceramics and composites

2. Establish standard test 
methods for determination 
of joint strength under shear 
loading

3. Determine effect of neutron 
irradiation on integrity of 
silicon carbide joints

Joining material

monica.ferraris@polito.it



1100°C 1250°C

1385°C 1450°C

Joining material Starting

products

Joining

T [°C]

Joining

Pressure

[MPa]

Time

[min]

Atmosphere Joining material

Glass 

ceramics

• CA CaO, Al2O3 1480 0 10 Ar 12CaO.7Al2O3; 3CaO.Al2O3

SiC/SiC JOINING for NUCLEAR APPLICATIONS

monica.ferraris@polito.it

-5

-4

-3

-2

-1

0

1

2

3

800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350

Temperature [°C]

∆
T

 (
E

n
d

o
 D

o
w

n
) 

[°
C

]

Tg

Tx



Joining material Starting products Joini

ng

T [°C]

Joining

Pressure

[MPa]

Time

[min]

Atmosphere Joining material

Glass 

ceramics
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530 °C, 
20 dpa

350 days

CA glass ceramic is at present, one of 
the very few pressure-less and 
neutron resistant joining material
tested up to 530°C, 20 dpa, with 
unchanged mechanical and structural
properties
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– surge of interest for LWR applications

SiC/SiC joining for cladding applications

WP3. Joining of ATF clads & testing of joints/welds

INNOVATIVE CLADDING 
MATERIALS FOR ADVANCED 

ACCIDENT-TOLERANT 
ENERGY SYSTEMS 

monica.ferraris@polito.it

https://www.iltrovatore-h2020.eu/

Coordinated by Konstantza Lambrinou SCK-CEN, Belgium
now Huddersfield Univ., UK
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H2020 Project IL TROVATORE

➢ IL TROVATORE Objective: Validation of 
selected ATF cladding material concepts in 
an industrially relevant environment, i.e., 
under neutron irradiation in PWR-like water 
(BR2 research reactor, SCK•CEN)

Loss of Coolant Accident (LOCA)
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50 μm

NITE SiC/SiC Clad Production

Available joining for SiC/SiC in LWR
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NEXTOWER – H2020 NMBP17 - 2016Available joining for SiC/SiC in LWR

CEA (France) 

POLITO pressure-less joining by 
Silica-Alumina-Yttria based glass-
ceramics

CTE (400-700°C)= 5.49 10-6 °C-1

Joining process: 1375°C 20 min,  
1235°C for 1 hour

SAY glass-ceramic

SiC/SiC

SiC/SiC

50μm

brazing

monica.ferraris@polito.it



10

Pressure-less glass-ceramic joining of SiC/SiC nuclear fuel clads for LWR

monica.ferraris@polito.it     

www.composites.polito.it http://www.j-tech.polito.it/
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Pressure-less glass-ceramic joining of SiC/SiC nuclear fuel clads for LWR

monica.ferraris@polito.it     

www.composites.polito.it http://www.j-tech.polito.it/

SAY

SAY

SiC/SiC

SiC/SiC

SiC/SiC

SiC/SiC

SAY

SiC/SiCSiC/SiC

Successful 
pressure-less SAY 
joining of SiC/SiC
from:

• IAE-Kyoto 
Univ.(Japan)

• NITE 
Corporation 
(Japan)

• CEA (France)
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SAY joined CEA SiC/SiC tubes to end plugs
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SiC/SiC joining for cladding applications: 
PROGRESS AND CHALLENGES 

Setup II: components are fixed during heating

scanner

Laser

Setup I: components rotate during heating

laser beam

Laser

marion.herrmann@tu-dresden.de

CVD SiC Laser joined SAY 
1. Localiz

ed 
heatin
g

SiC

20 µm

SAY JOINED SiC: conventional heating

Before autoclave       After autoclave 

SAY JOINED SiC: laser joining
Before autoclave       After autoclave  

CVD SiC Laser joined SAY 
after autoclave 

-Static autoclave test at 330°C in PWR 
water chemistry + N2 – 14 or 30 days

-Loop test at 330°C in PWR water 
chemistry + H2 – 30 days

→ 45 cc/kg H2 for SiC materials



SiC/SiC joining for cladding 
applications at: 

http://www.j-tech.polito.it/

monica.ferraris@polito.it

Web page:
http://www.j-tech.polito.it/

Virtual Tour: 

https://youtu.be/bS

_f5g82hDY

http://www.j-tech.polito.it/news/virtual_tour_j_tech
https://youtu.be/bS_f5g82hDY
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