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Near-Net Shaping of SiC/SiC Square Tubes  

Based on Advanced NITE Process 

 

Concepts of Near Net Shaping for DEMO-NITE SiC/SiC with various shapes and sizes  

Summary 

Toward the goal of Accident Tolerant Fuel (ATF) development for LWRs, intensive R & D programs  of SiC/SiC composites as ATF components are on-going in OASIS, 

Muroran Institute of Technology. Typical challenges are  the fabrication of all SiC/SiC fuel assembly including clad, channel box, grids, control rods, nozzle and so on. Thus, 

the development of near net shaping technique for the production of SiC/SiC components with various sizes and shapes is one of the important technical issues. As an 

representing result, near net shaping for SiC/SiC square tube by DEMO-NITE process is presented. As the main shaping processes, Hot Press (HP) and pseudo-Hot Isostatic 

Press (Pseudo-HIP) are applied. The results so far are verifying the technological fundamentals for making channel box designed for ATF with sufficient productivity and 

economical competitiveness. The microstructure and mechanical properties of SiC/SiC square tube fabricated is provided and the remaining issues for improving 

attractiveness of the products for deployment are discussed. 

 

 As a representing accomplishment, square tubes have been successfully produced by HP and P-HIP processes. 

 DEMO-NITE square tubes fabricated by HP and P-HIP showed attractiveness from high productivity and low cost.  

 DEMO-NITE products by HP and P-HIP, other than square tubes, are under development looking for aero-space, energy and 

environmental applications.  

Experimental Results 

Objective 
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 Introduction 

Various presssurized sintering process 

This sintering used a hot press device.  

As pressurization process 

1.HP (uni-axial press)  

2.HP(pseudo-3 axial press) 

1.HP(Uni-axial press) 2.HP(pseudo-3 axial press) 

If we will use SiC/SiC composite material as a practical  material, Establishment of Near-net shaping 

will be  necessary.  

Near net shaping for SiC/SiC square tube by DEMO-NITE process will be  manufactured.  

HP (uni-axial press) and the HP(pseudo-3 axial press) process are 

superior in productivity and economy.  

Characteristics of NITE and other conventional SiC/SiC 

1. HP(Uni-axial press) 2. P-HIP(pseudo-3 axial press) 
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Economy and Productivity 

Cost Production time

Superior 

SiC/SiC square tubes are fabricated by HP(uni-axial press, 
pseudo-3 axial press)process. 

The target is a channel box and a support lattice.  

LWRの安全性を得るために 

SiCの炉心構造物を開発 

NITE法は他手法に比べて優れたSiC/SiC複合材料の製造技術である。（Table 1） 

」現状、燃料被覆管としてＨＩＰで細くて長尺のSiC/SiC円筒製造されている。 
Ҝ 高品質に比例して高コスト 

Ҝ他にも、いろんな角管があるので、より複雑な形状近似成型がしたい。 

本研究では、channel boxとかgrid等の角管形状に対応でき、さらに生産性高く、安価なプロセス開発を目標として、 

DEMO-NITE 法に基づいたHP、P-HIPによる複雑形状品の近似成型技術開発を行った。 

Background 

 Fiber: PyC coated Cef-NITE 

 Fiber Architecture: Unidirectional (UD) 

 Dimension: 40X40X20mm 

 Density :  2.8 g/cm3 

We succeed  in the manufacture of  thin cylinders ( pipe shape) by Hot Isostatic 

Pressing(the HIP process) based on DEMO-NITE process in present situation. 

The investigation in pursuit of safety 

of  ATF for LWRs greatly attracts 

attention recently. Especially, The 

SiC/SiC composites with the 

characteristics such as heat 

resistance and a low coefficient of 

thermal expansion, low radio 

activation property expect one of the 

materials which are applicable to a 

core structure. In OASIS, Muroran 

Institute of Technology succeed  in 

the manufacture of  the SiC/SiC fuel 

clad by Hot Isostatic Pressing(the 

HIP process) based on DEMO-NITE 

process in present situation.  

However, it becomes high-cost in 

proportion to a high quality by this 

manufacturing technology. Therefore 

we should try the establishment of 

the basic process to be able to do at 

low cost in short production time. 

 

SiC/SiC Tube 
(long) 

SiC/SiC 
Cylinder 

SiC/SiC  
block 

SiC/SiC  
Tube 

The DEMO-NITE Process is a manufacturing technology 

of the SiC/SiC composites superior to other process. 
In OASIS, Muroran Institute of 

Technology, R&D of near net 

shaping technology is on-going 

in order to develop SiC/SiC fuel 

clad.  

We succeed in the production of the fuel coating 

pipe by the HIP process in present conditions, 

OASIS. 

However, it is high-cost in proportion to a high quality by this manufacturing technology. 

しかしながら、この製造技術では高コストに比例して高品質である。 

Therefore we think about the establishment of the basic process to be able to do at low cost in short 

production time.(manufacturing time) 

2.HP 

(pseudo-3 axial press) 

Various presssurized sintering process and apparatus 

1.HP 

 (uni-axial press)  

3.HIP 

(3 axial press) 

In this study, I could cope with corner square tube such as channel box or grid and 

productivity was higher and performed near-net shaping development of the complexity 

shape product by HP and P-HIP based on the DEMO-NITE process with the goal of 

cheap process development. 

In this study, it could fabricate square tubes such as channel box or grid as targets for the process 

development that productivity is higher, and is cheap. We would challenge the near-net shaping 

development of the complicated shape product by HP and P-HIP based on the DEMO-NITE method. 

• Establish Near Net Shaping Technologies of SiC/SiC 

Products with variations of Shapes and Sizes  

(For the case of LWR application:  Cladding, Grid, Spacer, 

Channel Box, etc.)  

• by HP (uni-axial press)  

• P-HIP(pseudo-3 axial press) processes. 

 

HP (uni-axial press)  

Preform：UD  

Preform：XP  

HP 

(pseudo-3 axial press) 

We was able to confirm that SiC fiber and the Carbon coating layer of internal fiber bundle are in a 

good condition. And it is thought that sintering was good generally because the outside SiC matrix 

crystal grain in the fiber bunch grows up and it is made minute. 

Short square tube with thick wall is fabricated by HP. 

It has well densified SiC matrix and pseudo-ductile 

fracture behavior. 

R&D Activities of OASIS, Muroran IT 

on SiC/SiC Core components for LWR 

SiC/SiC clad for BWR 
SiC/SiC Clad for PWR 

ATF including fuel, clad, control rod 

CVI PIP RS NITE 

Chemical Vapor 

Infiltration 

Polymer Infiltration 

and Pyrolysis 

Reaction  

C powder + molten 

Si 

SiC nano powder  

+ Additives 

Crystallinity Ƨ ×  ơ Ʀ 

Purity Ƨ ơ ơ Ʀ 

Gas tightness ×  ×  Ƨ Ƨ 

Mechanical 

Properties 
Ʀ ơ ơ Ʀ 

Thermal 

Conductivity 
ơ ơ Ʀ Ʀ 

Wear 

Resistance 
×  ×  Ʀ Ƨ 

SiC/SiC clad (HIP-route) 

Fiber direction 

0 degree Only 

Mandrel 

Fiber direction 

90 degree 

Mandrel 

Fiber direction 

0 degree 

Fiber direction 

90 degree 

Before HP:  After HP:  Before P-HIP:  After P-HIP:  

Reactor Pressure Vessel 

Containment Vessel 

Nuclear Fuel 

Recirculation Pump 

Water 

Water 

Pressure Control Pool 

Steam Generator 

Steam 

Steam 

Control 

Rod 

Reactor Pressure Vessel Cooling pump 

Containment Structure 

Water 

Control Rod 

Fuel Assembly 
Fuel Rod 

Pellet 

TRISO 

Control Rod 

Fabrication procedures of  

NITE-SiC/SiC Composites HP 

Pseudo-HIP 

HIP 
SiC nano 

powder 

SiC fiber 

SiC nano Slurry 

SiC fiber 

/Fabric 

Prepreg sheet 

Green Sheet 

Preform 

Uniaxial Press 

Low Cost 

Simple shape (Plate) Only 

Pseudo- 3 axial Press 

Low Cost 

Near Net Shaping (Short Size) 

3 axial Press 

High Cost/High Quality 

Near Net Shaping (Long Size) 

100μm 1μm 1μm 100μm 1μm 1μm 

Inter-Fiber bundle 

SiC Matrix 

Intra-Bundle Inter-Fiber bundle 

SiC Matrix 

Intra-Bundle 

Prepreg sheet 

or PCR Preform 

Sintered body 

HP 

Direct Uni-axial Press  

by mold 

Prepreg 
sheet 

P-HIP 

Indirect press  

by pressure transmitter 

Preform 

Sintered body 

High Productivity/Low Cost 

1. HP (Uni-axial press) 

Prepreg sheet 

Or PCR 
Preform 

canning 

HIP 

Hydrostatic Press 

 by Inert Gas 

 

Sintered body 

High Productivity/Low Cost 

2. P-HIP (Pseudo-3 axial press) 
High Quality/Med. Productivity 

3. HIP (3 axial press) 

Solid 

Powder 

- Preform is prepared by stacking of prepreg 

sheets or winding of PCR on square 

mandrel unidirectionally.  

- Preform is sintered by direct uni-axial press 

under high temperature. 

- HP is suitable for the fabrication of short 

square tube with thick wall. 

 

- Preform is prepared by stacking of prepreg 

sheets on square mandrel.  

- Preform is sintered by indirect pseudo-3 axial 

press under high temperature. 

- Solid powder used as a pressure transmitter 

- P-HIP is suitable for the fabrication of medium 

length square tube with thin wall. 

- Various fiber architecture can be applied. 

- Preform is prepared by stacking of prepreg 

sheets or winding of PCR on round mandrel.  

- Preform is sintered by 3-axial press  

under high temperature. 

- Various fiber architecture can be applied. 

- It is suitable for the fabrication of long round 

tube with thin wall. 

Mandrel 

Mandrel 

 Fiber: PyC coated Cef-NITE 

 Fiber Architecture: 0/90 XP 

 Dimension: 40X40X50mm 

 Density :  2.9 g/cm3 

Square tube with medium length and thin wall is fabricated by P-

HIP. It has well densified SiC matrix but slightly deformed SiC fiber. 

Further study is needed to optimize fabrication condition. 

DEMO-NITE for Fuel Cladding 
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Sintering 


