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Foreword: 

  China-Japan Bilateral Collaboration on the Study of Ultrahigh Density 
Plasma has been established since 2001 and its second phase is conducting 
from 2006.  Target materials are key issue of the Study of Ultrahigh 
Density Plasma, and the section of target fabrication was opened at the 2005 
Workshop on Ultrahigh Density Plasma Production, Application and theory 
for Laser Fusion at Nine Village Valley, Sichuan. It achieved great 
successes in high-level academic exchange and efficient presentation of 
state-of –the –art development in this research field. However, in order to 
attract greater attention and participation of more scientists in these fields, 
the organizing committee decided to further specify and enlarge the scale of 
the workshop to be China-Japan Bilateral Seminar on Target Materials 2007 
in Huang Shan in southern Anhui Province of east China.  The seminar had 
more than 20 participants from 7 universities and 3 institutes in Japan and 
China. They exchanged state-of-the-art development in nanomaterials, 
capsule fabrication and low density materials toward target of high power 
laser. 
 

 

Keywords: 

Laser Plasma Targets, Low Density Materials, Capsules Fabrication and 
Applications, Cryogenic Targets, Photoenergy Conversion Materials, 
Nanomaterials, Surface Modification, Nanoassembly, Photo-functional 
Materials, Electrochemistry, Target Injection and Tracking 

 

 

i 

 



 

Committees 

 
Chairmen: 

Zhongze Gu (Southeast Univ.), Yongjian Tang (CAEP) 

Takayoshi Norimatsu (Osaka Univ.), Keiji Nagai (Osaka Univ.) 

 

Committee Members: 

China: Weiyan Zhang (CAEP) 

Yongkun Ding (CAEP) 

Ling Zhan (CAEP) 

Bo Li (CAEP) 

Weidong Wu (CAEP) 

Guangming Li (Heilongjiang Univ.) 

Jianyu Zheng (Nankai Univ.) 

   Baopin Ling (Southeast Univ.)  

Xiangwei Zhao (Southeast Univ.) 

Japan: 

H. Homma (Osaka Univ.) 

A. Iwamoto (National Inst. Fusion Sci.) 

 T. Mito (National Inst. Fusion Sci.) 

M. Nakai (Osaka Univ.) 

N. Nemoto (Nihon Univ.) 

K. Takato (Tsukuba Gakuin Univ.) 

M. Yagi (Niigata Univ.) 

   H. Yoshida (Gifu Univ.) 

 

ii 



Main Theme of JSPS-CAS Core University Program

Seminar on Target Materials 2007

1)  Laser Plasma Targets

2)  Low Density Materials 

3)  Capsules Fabrication and Applications 

4)  Cryogenic Targets 

5)  Photoenergy Conversion Materials 

6)  Nanomaterials 

7)  Surface Modification, Nanoassembly 

8)  Photo-functional Materials 

9)  Electrochemistry 

10)  Target Injection and Tracking 

11)  Others 

iii



CONTENTS

.Plenary Lectures 

1. Application of Nanotechnology in Laser Inertial Confinement Fusion 

Yong-Jian Tang ·································································································································

2. Concept of Laser Fusion Power Plant Based on Fast Ignition   

Takayoshi Norimatsu, and Members of Reactor Design Committee Impact ····································7

              

.Invited  Reports  

. Fast Ignition 

M. Murakami, H. Nagatomo, T. Sakaiya, S. Fujioka, H. Saito, H. Shiraga, M. Nakai, 

K.Shigemori, H. Azechi, M. Karasik, J. Gardner, J. Bates, D. Colombant, J. Weaver, 

A. Schmitt, A. Velikovich, Y. Aglitskiy, J. Sethian, and S. Obenshain ·······································14

2. Synthesis of nanomaterials and their applications in biosensors and bioelectronics    

Xinghua Xia*, Yanyan Song, Wei Chen, Ya Ding, Wenzhi Jia ······················································17

. Recent Study of Target Injection and Tracking at Gifu University    

H.Yoshida ····································································································································19

4. Magnetic and Electrochemical Properties of an Array of Novel TCNQ Lanthanide Complexes    

G. M. Li,* J.W. Zhang, P. F. Yan, G. F. Hou, J. S. Gao, M. Suda, Y. Einaga*·································22

5. Study of fuel layering processes on the foam cryogenic target for the FIREX project 

A. Iwamoto, T. Fujimura, M. Nakai, T. Norimatsu, K. Nagai, R. Maekawa, 

T. Mito, H. Sakagami ····················································································································25

6. Detecting the uniformity of polymer foams by -ray technology 

Z. Lin , S. Wenwen, J. Peng, Xu jiajing ··························································································28

7. Encapsulation of Low Density Materials for the First Stage of Fast Ignition Realization 

7. Experiment (FIREX-I)  

K. Nagai, M. Nakai, T. Norimatsu, A. Iwamoto, H. Azechi, K. Mima············································30            

8. Single Walled Carbon Nanotube–Porphyrin Nanohybrids: Novel Synthetic Donor–Acceptor Systems 

8. for Light Harvesting and Optical Limiting Materials  

Z. Guo, D. Ren, Z. Liu, F. Du, Y. Chen, J. Tian, J. Zheng ·····························································33

iv



9. Determination of Hydrogen Diffusion Coefficient in Hydrogen Absorption Alloy by Radioluminography 

H. Homma, H. Saitoh····················································································································35

10. Inertial Confinement Fusion (ICF) Polystyrene Target Fabrication by a Microfluidic Device  

R. Zhu, X. W. Zhao, Z. Z. Gu*······································································································39

11. Fabrication of NaF Films for ICF Target by Pulsed Laser Deposition 

W. D. Wu ······································································································································41

12. Fabrication of low density multilayered Tin dioxide contained capsules 

L. Ge, K.Nagai, T.Norimatsu ········································································································42

13. A simple microfluidic device for generation of colloidal crystal beads 

X. W. Zhao, C. Sun,. R. Zhu, Y. J. Zhao, Z. Z. Gu*·······································································44

14. The investigation on the mechanism of phloroglucinolcarboxylic acid/formaldehyde gelation process  

and obvious density increase before and after extraction drying 

H. Yang, K. Nagai, M. Nakai, and T. Norimatsu ···········································································46

15. The factors affecting the roughness of glow discharge polymer (GDP) shell 

Z. B. He, W. D. Wu, J. H. Feng, X. H. Liu, X. J. Ma·····································································47

16. Alignment Control and Templating Process in Amphiphilic Block Copolymer Thin Film 

K. Kamata, T. IYoda ·····················································································································48

17. Fabrication of Inner-surface-doped capsules for implosion experiments 

B. Li*, S. Chen, Z. Zhang, X. Ma ·································································································51

18. A Simple Method to Prepare Coalesced Colloidal Crystal Film 

H. Xu, C. Zhu, J. Li, Z. Z. Gu* ·····································································································52

19. Ultra-low Density Foams from Ultra-high Molecular Weight Polyethylene 

X. Luo, Z. Lin, K. Du, A. Du ·······································································································54

20. Fabrication of PDLC microlenses with microfluidic channels 

G. R. Xiong, Y. H. Han, G. Z. Han, R. Zhu, Z. Z.e Gu ·································································55

21. The Extreme Ultraviolet EUV Target Material Fabrication by Coaxial Electrospinning

W. Xu, J. Li, Q.n Xu, Z. Z. Gu······································································································57

v





*Email: tangyongjian2000@sina.com

Application of Nanotechnology in Laser Inertial Confinement Fusion

Yong-Jian Tang*

Research Center of Laser Fusion, China Academy of Engineering Physics, P. O. Box 919-987, 

Mianyang, Sichuan, China

Abstract: The achievements of nanotechnology applied in designing and processing laser inertial 

confinement fusion targets as well as in measuring laser-plasma irradiation energy spectra in the 

past 15 years in Research Center of Laser Fusion in China are reported in this paper.

Introduction
Laser inertial confinement fusion (ICF) is an alternative way to achieve controlled thermonuclear

fusion. The basic elements of ICF include drivers and targets, covering precise diagnosis, target 

design and high power laser. The success of an ICF experiment based on large and complex 

facilities depends largely on the size, components and structure of tiny ICF targets. Therefore, 

research on design, production, and characterization of ICF targets has become an integral part of 

work in the Research Center of Laser Fusion (RCLF) in China and other institutes all over the 

world. Although the laser system providing energy may be as large as a football field, the ICF 

targets should not be made too large due to the power density limitation of laser equipments, and 

generally a target containing fusion fuel is only several millimeters in diameter or even smaller. 

Consequently, the units in the target must be smaller than a micrometer. Based on this fact, 

scientists have begun to turn to nanotechnology for improving performance of the targets. In the 

past 15 years, nanotechnology has been applied in designing and processing ICF targets as well as 

measuring laser-plasma irradiation energy spectra. Since 1993, various research subjects such as 

nanofilms, nanopowders, and nanofoams have been involved in the RCLF of China. Thereinafter

we will introduce some research results on these fields.

Nanofoams
Nanostructured Cu and Au porous foams (as shown in Fig.1(a)) with density only 0.5~10% of the 

bulk metals have been successfully made by vapor-phase deposition (VPD) [1]. In 1995, Wang et al

produced low-density polystyrene (PS), resorcinol formaldehyde (RF), and carbonized resorcinol 

formaldehyde (CRF) foams [2]. The density of these foams ranges from 15 mg/cm
3
 to 1000 mg/cm

3
, 

the fraction of pores can reach 80~99.8%, the typical pore size is within 1~50 nm, and the ratio 

surface area reaches 200~1000 m
2
/g. Fig.1(b) shows a typical transmission electron microscopy 

(TEM) image of the carbonized RF arogel foams, whose skeleton and pores are both below 10 nm 

in diameter. These foams have been used to study storage of hydrogen.
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Fig.1  TEM images of (a) Au foams and (b) carbonized RF aerogel foams.

In 1999, Zhang et al synthesized pure poly-4-methyl-1-pentene (PMP) foams, which might be the 

lightest in China, with density of 1-50 mg/cm
3
, density uniformity larger than 90% and pore size of 

20~10000 nm [3]. The synthesis process involved solving the PMP resource in solvents at high 

temperature, then cooling the solution at certain rate to form a gel, finally drying the gel by vacuum

sublimation to obtain porous foams with interconnecting voids. The porous PMP foams were doped 

with Cl, Br, and Cu, of which the density was lower than 50 mg/cm
3
 and the mass fraction of 

dopants was below 1%.  Fig.2(a) to (c) show the machined PMP foams doped with Cl, Br, and Cu 

respectively.

Fig.2 Photos of machined PMP foams doped with (a) Cl, (b) Br, and (c) Cu.

Nanofilms

By studying the process of fabricating modified polystyrene, a set of equipment (Langmuir-

Blodgett film tank system) for producing ultrathin film was built. Ultrathin and unsupported PS film 

with thickness below 50 nm was grown [4]. Molecule-beam-levitation, supersonic-levitation, and 

electromagnetic-vibration technologies were developed for 4�-rotation deposition of multilayer 

films. With these technologies, thickness of the deposited films can be controlled in the range from 

tens of nm to 100 μm. Organic films with micro and submicro structure were also fabricated, of 

which the thickness was from several to tens of microns. By investigating the process of inflating 

high-Z gas into hollow glass microspheres, a breakthrough was achieved in the aspect of 

implantation technique with short-wavelength laser, ion beam, and atomic force microscopy (AFM)

drilling. In particular, AFM was successfully used to drill micro-sized holes, in which the biggest 

(a) (b) (c)

(a) (b)
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was 7.5 μm and the smallest was 30 nm in diameter, on the hollow glass microspheres with 

diameter of 0.2 mm and thickness of 1 μm. Several kinds of metallic nanofilms were grown by 

pulsed laser deposition (PLD) method, such as self-assembly Co nanofilms (Fig.3(a)) and Fe/Al 

alloy nanofilms. The PLD method was also applied to embed Co nanopowders into BaTiO3

nanofilms to form composite nanofilms (Fig.3(b)). The voids in the Co nanofilms were in

hexagonal shape with diameter of 20-25 nm.

Fig.3 AFM images of (a) self-assembly Co and (b) Co embedded BaTiO3 nanofilms. Inset of (b)

shows the TEM image of Co nanopowders with diameter of 15-40 nm in the BaTiO3 matrix, 

bar=100 nm. 

The nanopowders in films can be forced to grow in a definite direction by setting an external 

electric filed (EEF) through the matrix during deposition. Fig.4(a) and (b) show the effect of an EEF 

on the growth and shape of Ag nanopowders in BaTiO3 matrix. 

Fig.4 TEM images of Ag embedded BaTiO3 nanofilms: (a) without and (b) with an external electric 

field of 1000V/cm. The arrow in (b) indicates the direction of the external electric field.

Nanopowders
In 1989, polytetrafluoroethylene powders were efficiently fabricated, of which the morphology 

was spherical with several to tens of microns in diameter. They were obtained by first irradiating 

the polytetrafluoroethylene by X-ray or electron beam and then mechanically milling. The yield 

might be up to a few kilograms per month. However, this method had to be discarded because of 

environment problem. In 1994, C60 and C70 cluster materials with purity as high as 99.99% were 

(a) (b)
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successfully synthesized. A production line was built up and was able to produce 1 gram C60

powders each day. Resorcinol formaldehyde (RF) and carbonized RF aerogel nanopowders were 

successfully synthesized. The aerogel nanopowders showed significant capability of absorbing

hydrogen, indicating their potential use in hydrogen storage (Fig.5).
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Fig.5 (a) TEM image of carbonized RF aerogel nanopowders, (b) the fraction of hydrogen absorbed 

by carbonized RF aerogel nanopowders as a function of the hydrogen pressure. The absorption 

experiments were repeated for eleven times, as shown by different symbols.

In 1993, an electromagnetic-induction-heating-flow-levitation (EHFL) method was devised to 

produce metal nanopowders [5,6]. In 1997, a set of equipment based of the EHFL method was 

designed and built to produce nanopowders with diameter over several nanometers. With this 

equipment, both yield and purity of metal nanopowders were improved highly. In principle, metal 

wire was first heated by a highly-frequency electromagnetic induction coil so that a metal liquid 

droplet was formed. The droplet was levitated and heated continuously under its interaction with a 

magnetic field generated by another reverse electromagnetic induction coil. Atoms at surface of the 

droplet were evaporated when a high-enough temperature was reached. These evaporated atoms 

were quickly cooled through their collision with inert gas atoms and formed nanopowders. When 

inert gas with a special gradient pressure was imposed in the vapor environment, metal atoms and 

resultant nanopowders would flow along a definite direction with no contact with the reactor wall 

and finally enter a collector (Fig.6(a)).

Fig.6 (a) Schematic chart of the EHFL method, (b) TEM image of Cu nanopowders produced by 

the EHFL equipment.

(a) (b)

(a) (b)
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Using this equipment, metals such as Cu (Fig.6(b)), Ag, Fe, Ni, Al, and Ti and bimetallic 

nanopowders such as CuAl, NiAl, and TiAl were produced. By compacting these nanopowders in 

strengh-die under high pressure at room temperature, metal nanocrystalline foils were obtained. The 

Cu nanocrystalline foils had density 95% of bulk copper, and showed micro hardness 3 - 4 times of 

that of coarse-grained Cu [7].
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Fig.7 (a) SEM image of nanocrystalline Cu foil with 50% density of standard Cu. (b) Intensity of 

emitted Cu K  lines as a function of the incident laser energy when irradiating standard Cu foil and 

the compacted Cu nanocrystalline foil by ultra fast high power laser.

Interaction of nanocrystalline Cu foil with ultra fast high power laser was investigated. A 

compacted nanocrystalline Cu foil with 50% density of standard Cu (Fig.7(a)) was irradiated by the 

SELEX-I laser facility at RCLF, with a pulse width of 30-50 fs and power of 280 TW. The intensity 

of emitted Cu K lines as a function of the incident laser energy is shown in Fig.7(b). For 

comparison, the result from a 10-μm-thick standard Cu foil is also shown. Obviously, the laser-to-

X-ray conversion efficiency in the nanocrystalline Cu is strikingly enhanced relative to that in the 

standard Cu. The highest enhanced ratio reaches five times at the laser energy of 650 mJ.

Summary
This article introduces some research progress on nanomaterials at RCLF of China by focusing 

on new results of nanofoams, nanofilms, and nanopowders. These nanostructured materials have 

been applied to ICF experiments, and further efforts will be made to obtain greater improvement on 

laser-target interaction performance.
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Concept of Laser Fusion Power Plant Based on Fast Ignition 

T. Norimatsu 1, and Members of Reactor Design Committee 

1 Institute of Laser Engineering, Osaka University, Suita, Osaka 5650871 Japan. 
Contact person; norimats@ile.osaka-u.ac.jp

Recent progress on fast ignition (FI) and cooled Yb:YAG ceramic laser enable  us to design an IFE power plant 
with a 1MJ-class, compact laser whose output energy is 1/4 of previous central ignition scheme. Basing on the FI 
scheme, we conceptually designed a laser fusion power plant driven with cooled-Yb:YAG, ceramic lasers. The 
cooled Yb-YAG ceramic was newly chosen as the laser material. We found that the heating laser for ignition could 
be constructed with the cooled Yb:YAG ceramics as well as the compression laser with acceptable electricity-laser 
conversion efficiencies including the electric power for the cooling system. A new reactor scheme for a liquid wall 
reactor that has no stagnation point of ablated gas was proposed. 

1. Introduction 

The fast ignition scheme is very attractive because a high gain can be achieved with smaller 
lasers that were considered to share major part of the construction cost of a laser fusion power 
plant. In 2002, our fast ignition experiments with a petawatt (PW) laser in Osaka University 
demonstrated a heating efficiency of 20 - 30 % at ignition-equivalent laser intensity.[1] This 
promising result promoted design activity to figure out the final goal for the power plant. After a 
report of the Roadmap Committee of IFE Forum[2], we organized a Design Committee of Laser 
Fusion Power Plant 1) to make a reliable scenario for the fast ignition power plant based on the 
latest knowledge of elemental technologies, 2) to identify the research goal of the elements and 3) 
to make the critical path clear. 

In our previous KOYO design based on central ignition scheme, 4 modular chambers were 
driven by turns with 4MJ/pulse, 10 Hz lasers to yield 4000-6000MWth fusion energy and 
2400MW electric power[3]. The laser was a glass laser (HAP4) driven by diodes. The first wall 
of the chamber was protected with arrayed SiC composite panels whose surfaces were covered by 
liquid LiPb films penetrating through the pipe walls. The critical point of this design was poor 
ability of vacuum pumping by cryogenic effect. When the flows on the SiC pipes were simple 
laminar flows, the surface temperature near the bottom of the reactor become too high to 
evacuate ablated metal vapor in the designated time. 

In this design work, 1) cooled Yb-YAG ceramic lasers were newly used for compression and 
heating lasers. 2) The target gain was evaluated using latest simulation codes. 3) Cascade-type, 
liquid- wall chambers are employed as the modular reactors. 4) The ablation of the first liquid 
wall and the chamber clearance were discussed basing on new idea of stagnation-free chamber 
geometry. 5) Scenario for fuel loading in batch process was proposed. In this paper, laser system 
and chamber issue are discussed focusing on behavior of ablated first wall material. 
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2. Gain Estimation 

The gain performance for fast ignition targets was evaluated by parametric numerical study 
using 2-D burn simulation code based on 1-fluid 2-temperature Eulerian hydrodynamic code 
written in 2-D cylindrical coordinates (r-z). The electron thermal conduction, radiation effect, -
particle heating and external fast heating are taken into account. The radiation and the -particle
transports are treated by multi-group flux-limited diffusion model. As the initial core profile, we 
assumed uniformly-compressed DT spherical plasmas (  = 300 g/cc, T = 0.2 keV,  = 2) at the 
center of the simulation box. With regard to the external fast heating, uniform heating rate was 
assumed in the cylindrical region (30 m spot diameter, 1.0 g/cm2 optical depth) at the core edge 
for 10 ps. For gain estimation, the coupling efficiencies from the laser to the core plasma were 
assumed as 5% for implosion and 30% for the core heating. The obtained gain curve is plotted in 
Fig.1. To achieve the explosive burning and then the high gain (>100), the required compressed 
core R must be larger than 1.6 g/cm2, and total driver must be higher than 300 kJ. 

10 100 1000
Total laser energy (kJ)

0.1

1

10

100

Driven-ignition
(FIREX-I)

Self ignition
(FIREX-II)

High gain

Fig. 1 Estimated gain of fast ignition targets 

3. Targets

Targets for a future laser fusion reactor must be designed considering survival of the 
cryogenic layer during the flight to the reactor center.  The environment can be classified into two 
fields: one is a hot (>1300 K, 0.5 Torr) Xe gas in a dry wall chamber such as Sombrero [4] and 
the other is a metal vapor such as LiPb of < 0.05 Torr, 900K in the Koyo reactor.  In the former 
case, the thermal radiation and the forced convection heating is the main thermal load on the 
cryogenic target and, in the latter case, the latent heat of condensation of the metal vapor is the 
major heat load because almost all of the metal vapor atoms colliding with the surface condense 
in the first collision due to the very large latent heat of condensation.  In both cases, an insulation 
layer with middle density foam gives a good solution for such heat load [5, 6].

     Figure 2 is a baseline target for future laser fusion reactor.  This target consists of a heavy 
LiPb cone whose inner surface is paraboloid and a foam-insulated cryogenic fuel shell.  The shell 
is imploded by a 1.1MJ laser to make a high density core that is directly heated with a 100 kJ 
heating laser, resulting in a thermonuclear yield of 200 MJ. 
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Fuel shell 

DT(gas) (<0.01mg/cc)                           1,500

DT(Solid)  (250mg/cc+10mg/cc Foam)           300

Basic specification 
Compression laser         1.1 MJ  

Heating laser              70kJ 
Gain                                    165 
Fusion yield                   200MJ

Cone 
Material             Li17Pb83 
Length                    11mm 
Diameter              5.4 mm 
Mas                      520 mg

Fig 2 Cross sectional view of fast ignition target for reactor 

Fig. 3 Proposed fuel loading by batch process 

    This target is injected into the chamber such that the cone leads the shell.  Use of the heavy 
cone has many merits for reactor use; 1) to stabilize the trajectory against the flow of vapor and 
drag force in the chamber [ 7 ], 2) to work as a heat capacity against the thermal load by 
condensation of the vapor, 3) to shield the shell against aerosols in vapor, 4) to provide protective 
material for the first wall of a dry chamber.  The parabolic configuration of the inner surface 
works as a focusing device of the heating laser.  In a future power plant, the final optics will be
located >30 m from the center to reduce the neutron load.  Assuming f = 7, the beam waist at the 
reactor center is about 300 m, which is too large to ignite the core.  So, some focusing 
mechanism is necessary in the FI scheme. 

     Fabrication of such cone seems quite challenging.  The hot press method with LiPb is the 
candidate to make the cone in a batch process.  LiPb was chosen because it is the same material 
as the first wall of the wet reactor and Li in Pb reduces the erosion of the mandrel.  Although 
LiPb is slightly harder than pure Pb, some additional, doping may necessary to improve the ease 
of handling of the soft cone.
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     Another issue in mass production of the cone target is fuel loading.  Conventional 
diffusion loading is less attractive because of the large tritium inventory.  Injection filling [8] is 
an ideal method in the viewpoint of the tritium inventory but drilling of the injection hole, precise 
control of injecting liquid DT must be carried out under cryogenic temperature, which is 
challenging technique.  We propose a new method based on thermal cavitation technique [9] as 
shown in Fig. 3.  This target has two holes with different radii around the cone, larger one is a 
vent hole and smaller one is a feeder hole.  This target is immersed in liquid DT with the cone 
downward.  Liquid DT penetrates into the foam layer through the holes and finally fills the 
central void in a few seconds (b).  Then, laser that is guided with an optical fiber heats the top of 
the cone.  Evaporation of liquid DT takes place in the void and the vapor eliminates the liquid in 
the void but the foam is still saturated with liquid DT because of the smaller diameter of the cell 
of foam.  Extra vapor blows out through the vent hole (c).  Extra liquid in the meniscus no longer 
exists.  To compensate the evaporated liquid from the foam layer, new liquid continuously flows 
into the foam through the feeder hole.  At an appropriate time, the target is pulled out of liquid 
DT and the laser is turned off (d).

     This method enables the foam layer to remain wet without special power control of the 
laser.  The only one required condition is; the radius of foam cell<< the radius of feeder hole < 
the radius of vent hole << the radius of foam shell, which is easily achieved.   Please note that 
two independent holes are not necessary.  A single gap between the cone and shell works as well. 

Fig. 4 Cross section of a modular reactor of KOYO-F. The target is emphasized by 150 times for visibility. 

4. Chamber 

Figure 4 shows a cross section of the modular reactor of KOYO-F. The power plant KOYO-
F has 4 modular reactors. Each reactor is operated at 4 Hz by turn. Main features of this design 
are as follows. 1) the fire position is vertically off-set to simplify the protection scheme of the 
ceiling. 2) There is no horizontal area on the ceiling to avoid formation of droplets.[10] 3) The 
first wall is liquid LiPb with cascade flows to obtain fast pumping of evaporated vapor by
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cryogenic effect. If the surface flow is a simple laminar flow, the surface temperature becomes 
too high to obtain cryogenic pump effect when it reaches near the bottom of the chamber. 4) The 
first panels are tilted by 30 degree to avoid stagnation of evaporated vapor. In the case of KOYO-
F, 10kg of LiPb evaporates after a laser shot. If the evaporated vapor collides at the center and 
loses its momentum, it becomes difficult to obtain high repetition rate. 5) The final optics are 
protected by compact rotary shutters and buffer gas in the beam duct. 6) Each modular reactor 
has two injectors that are alternatively operated at 2 Hz. This slow injection rate comes from 
evacuation of residual gas in the barrel of the gas gun. 

The thermal load on the ceiling is close to that of dry wall design. To avoid blistering of the 
first wall, temperature of the ceiling is kept slightly lower than the other area to form a thin, 
protective liquid-LiPb membrane. The material of the ceiling must be wetable with LiPb to make 
continuous membrane. The lifetime of such material due to erosion is a future issue. 

Ablation of the liquid Pb was calculated using DECORE (DEsign COde for reactor) that 
included atomic model, equation of state, phase change, radiation heat transfer and hydrodynamic 
equations.   Influence of Li was ignored for simplification. 

After repeating several bounce of the blast wave, residual vapor in the chamber becomes 
quasi- homogeneous where we can ignore hydrodynamic motion of residual gas. If we assume 
that fast component uniformly fill the chamber, the pressure in the chamber becomes order of 100 
Pa. The heating effect of surface by the blast wave at the first bounce can be ignored in the view 
point of condensation coefficient because pulse width of blast wave is expanded to an order of 10 
ms. So, residual gas in the chamber will be continuously evacuated to the designated pressure of 
5-10 Pa before the next laser shot.11

When we look into a horizontal cross section of the chamber, ablated vapor from the bottom 
reaches on the ceiling with some interaction with vapors from the side wall. If we assume that 
ablated vapor from the bottom uniformly condenses on the ceiling, the thickness of condensed 
LiPb layer is 2.5 m/shot that is larger than ablation rate. Of course this is too preliminary to 
discuss the formation of protection layer, we believe we can form the protection layer by 
enhancing condensation of residual vapor, especially lithium, in the chamber by keeping the 
surface temperature less than the other area in the chamber. 

Another critical issue of this concept is protection of beam ports ejecting from the liquid 
surface. The top of the port is directly exposed to the radiation from the plasma. Our current 
solution is to use a porous plate through which liquid LiPb penetrate from inside. The 
temperature of the port is also kept colder than other area to enhance the condensation. If we 
assume the maintenance period of two years, the possibility for direct exposure must be less than 
1/104. More detailed research based on experiment is necessary to discuss the reliability of liquid 
wall scheme. 

5. Summary

We have examined the design windows and the issues of the fast ignition laser fusion power 
plants. ~1200 MWe modular power plants driven at ~16 Hz  The basic specification is 
summarized in TABLE II. For laser driver we have considered the DPSSL design using the 
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Yb:YAG ceramic operating at low temperature (~200K). We have proposed the free fall cascade 
liquid chamber for cooling surface quickly enough to several Hz pulses operation by short flow 
path. The chamber ceiling and laser beam port are protected from the thermal load by keeping the 
surface colder to enhance condensation of LiPb vapor. 

TABLE II:  BASIC DESIGN PARAMETERS FOR THE POWER PLANT KOYO-F 

Net electric output 1283 MWe (320 MWe x 4) 
Electric output from one module 320 MWe 
Target gain 167 
Fusion Yield 200 MJ 
Laser energy / Beam number 1.2 MJ (Compression=1.1MJ/32beams, Heating=100kJ 1beam) 
Laser material / Rep-rate Cooled Yb:YAG ceramics at 150 - 220K /16 Hz 
Chamber structure / Rep-rate at module Cascade-type, free-fall liquid LiPb wall/4 Hz 
Fusion power from a module 800 MWth 
Blanket gain 1.2 (design goal) 
Total thermal output from a module 916 MWth 
Total thermal output from a plant 3664 MWth (916 MWth x 4 ) 
Heat-electricity conversion efficiency 41.5% (LiPb Temperature 500 oC)
Gross electric output 1519 MWe 

Laser efficiencies 
13.1% (compression), 5.4% (heating), Total 11.8% (including 
cooling power) 

Recirculating power for laser 164 MWe (1.2 MJ x 16 Hz / 0.118) 
Net electric output/efficiency 1283 MWe (1519 MWe - 164 MWe - 72 MWe Aux.)/32.7% 

TABLE III: MEMBERS OF REACTOR DESIGN COMMITTEE. 

Steering board 
Y. Hirooka (NIFS.), F. Kan (Hamamatsu Photonics), M. Kikuchi (JAEA), T. Konishi (Kyoto Univ.), A. Koyama (Kyoto Univ.), K. Mori (Kawasaki 
Plant), T. Muroga (NIFS), M. Nishikawa(Kyushu Univ.), M. Nishikawa (Osaka Univ.), Y. Ogawa (Tokyo Univ.), K. Okano (CRIEPI.), M. Onozuka 
(Mitsubishi Heavy Ind.), Y. Owadano (AIST.), A. Sagara (NIFS.) Y. Suzuki (Laser Front Technol.), K. Tanaka (Nisshin Co.), N. Tanaka (Mitsubishi 
Heavy Ind.), K. Ueda (Univ. Electro-com.), Y. Ueda (Osaka Univ.), T. Yamanaka (Fukui Univ.), H. Azechi (ILE), N. Miyanaga (ILE), K. A. Tanaka 
(ILE)
Core working group 
H. Azechi (ILE), Y. Nakao (Kyushu Univ.), H. Sakagami (Hyogo Unv.), H. Shiraga (ILE), R. Kodama (ILE), H., Nagatomo(ILE), T. Johzaki (ILE) 

Laser working group 
N. Miyanaga (ILE), Y. Suzuki (Laser Front Technol.),K. Ueda (Univ. Elector-Com.), N. Tuchiya (Nishin Co.) 
Y. Oowadano (AIST), T. Jitsuno (ILE), M. Nakatsuka (ILE),H. Fujita (ILE), K. Yoshida (Osaka Inst. Technol.), J. Kawanaka (ILE), H. Nakano 
(Kinki Univ.), Y. Fujimoto (ILE), H. Kubomura (HP), T. Kawashima (HP), S. Matsuoka(HP), T. Ikegawa(HP), K. Tusbakimoto (ILE), J. Nishimae 
(Mitsubishi Elec.), H. Furukawa (ILT)
Target working group 
T. Norimatsu (ILE), M. Nishikawa (Kyushu Univ.), Konishi (Kyoto Univ.), T. Endo (Hiroshima Univ.), H. Yoshida (Gifu Univ.), N. Mituo (ILE) 

System working group 
Y. Kozaki (ILE), Y. Soman (Mitsubishi Heavy Ind.), K. Okano (CRIEPI), H. Furukawa (ILT), Y. Sakawa (Nagoya Univ.), A. Sagara (NIFS), T. 
Norimatsu (ILE) 
AIST; National Institute of Advanced Industrial Science and Technology, CRIEPI; Central Research Institute of Electric Power Industry
HP; Hamamatsu Photonics, ILE; Institute of Laser Engineering, Osaka University, ILT; Institute for Laser Technology, Osaka 
JAEA; Japan Atomic Energy Agency, NIFS; National Institute for Fusion Science 
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Nanomaterials  are  promising for the construction of functional  biointerfaces for 

bioelectronic devices and biosensors. Recent reports have shown that nanomaterials could be 

ideal electron mediators or ideal nano-interfaces for biomolecules due to their unique 

properties. In addition, they could provide appropriate microenvironments to retain the 

bioactivity of the immobilized biomolecules. We are recently focusing on the construction of 

nanostructured materials-based functional biointerfaces for electrocatalysis and direct electron 

transfer of model biomolecules such as hydrogen peroxide [1,3,11], glucose[2,6,8,11], 

glucose oxidase and heme protein[7,12], etc.  The nanostructured materials including 2D 

films of Prussian blue, silica and others and 3D macroporous structures of noble metals of 

gold, platinum and hybrid composites have been designed and successfully synthesized using 

novel galvanic displacement reactions [9], electrokinetic approach [3,5,10,14] and other novel 

methods. Systematical studies on the thermodynamics and kinetics of electrocatalysis and the 

assembly of model biomolecules on the functional biointerfaces have been carried out in our 

group with the help of scanning electrochemical microscopic, electrochemical and in situ 

spectroscopic techniques. For better understanding the performance of biosensors, the 

influence of interfacial electric field on the orientation, bioactivity and electron 

communication of the biomolecules at electrode surfaces have been systematically studied 

[12]. In addition, we are using the biomolecules-interface hybrid systems as building blocks 

to fabricate a series of highly sensitive and selective biosensing devices [4,13,15]. Of all these 

investigations, new concepts for highly sensitive and selective glucose detection based on fast 

depletion of interfering electroactive species in the diffusion layer of a substrate electrode or 

shortened detection distance (diffusion-layer-distance gap system) were developed. This 

concept has been applied to fabrication of microbiosensors.
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acid/formaldehyde Gelation Process and Obvious Density Increase Before and 

After Extraction Drying  
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E-mail: yanghan@ile.osaka-u.ac.jp 

Introduction 
The fast ignition concept is one of the most attractive paths to inertial fusion energy while fuel 

cryogenic target [1] technology for fast ignition realization experiment (FIREX) is a key issue in 

this research. The target is usually spherical microcapsule, ~500 m in diameter and 20 m in shell 

thickness. The foam shell is used to support the fuel which consists of liquid or solid deuterium 

and tritium. In order to get a high gain in ignition experiment, the density of the foam shell should 

approach to 10mg/cc. Therefore, investigation on the foam shell materials is expected to obtain 

low density foam target. In this paper, one foam shell material, phloroglucinolcarboxylic acid/ 

formaldehyde (PF) copolymer was studied.   

Experiments

In our research, spherical hollow fusion target was prepared by using the OO /W /OI emulsion 

process. The water phase solution gelates to be the shell of the capsule. PF is expected to be used 

as this water phase solution for shell. The gelation process of PF has been described as follows: 

Phloroglucinolcarboxylic acid first had addition reaction under alkaline conditions with 

formaldehyde to form nuclear on which the methylol groups then condense with each other to 

promote the growth of the nuclear. When the nucleated structure grows to a sufficient size, the 

coagulation starts. According to the above investigation, changing type and amount of the alkali 

used in the reaction can affect the nucleation process and further affect the final gelation 

concentration of PF. Therefore, we changed the basic condition of the reaction and the gelation 

concentration of PF has been reduced to 26.3mg/cc. However, after being dried by CO2

supercritical extraction, the final density of PF foam increased to above 100mg/cc, four to five 

times than the concentration before extraction. The mechanism on this obvious increase may be 

that CO2 used in the extraction together with small amount of no exchanged water in the gel 

treated the gel like acid which led to the form of subsequent bondings, such as hydrogen bonding. 

These additional bondings promote the shrinkage of the gel network structure which results in the 

decrease of the volume and the increase of the density of the dried gel. IR spectra were used to 

prove the existence of hydrogen bonding in the gel after extraction. Compared the IR spectrum of 

the dried gel after extraction with that of the gel before extraction, the additional peak around 

1250cm
-1

 shows the OH---C hydrogen bonding formed in dried PF gel.  
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