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Abstract 
The design for a direct-drive, high-gain laser inertial confinement fusion target 

calls for the use of a low-density, low-atomic-number foam to confine and stabilize 
liquid deuterium-tritium (DT) in a spherical-shell configuration. Over the past two 
years, we have successfully developed polystyrene foams (PS) and carbonized 
resorcinol-formaldehyde foams (CRF) for that purpose. Both candidates are 
promising materials with unique characteristics. PS has superior mechanical 
strength and machinability, but its relatively large thermal contraction is a 
significant disadvantage. CRF has outstanding wettability and dimensional stability 
in liquid DT; yet it is much more fragile than PS. To combine the strengths of both 
materials, we have recently developed a polymer composite foam which exceeds PS 
in mechanical strength, but retains the wettability and dimension stability of CRF. 
This paper will discuss the preparation, structure, and properties of the polymer 
composite foams. 
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INTRODUCTION 

Researchers at Lawrence Iivermore National Laboratory (LLNL) are developing 
foams for the direct-drive, high-gain, inertial confinement fusion (ICF) target. This 
target design1 calls for a spherical shell of foam that can be wetted with liquid 
deuterium and tritium (DT). The liquid DT serves as both fuel and ablator: the 
foam holds the DT in a spherical-shell configuration that is compressed to high 
density and ignited by laser energy. 

There are a number of specific requirements for foam properties which arise 
from the target physics and wetting stability constraints. First, the foam should have 
a density of 50 mg/fcm3 or less and be composed mainly of carbon, hydrogen, and 
oxygen. It should have a cell size of less than 4 urn to meet the uniformity 
requirement, and a pore size of less than 1 urn to stably hold the liquid DT. It must 
be machinable or moldable to the required spherical-shell configuration and 
tolerances, and be stable to radioactive tritium decay and to cryogenic temperatures 
without changing dimensions during the time needed for the target to fill and 
stabilize before a shot. Furthermore, some target designs require an overcoating of 
low-atomic-number material to prevent the boiling-off of liquid DT. 

Over the past two years, two foam materials have been successfully developed: 
polystyrene (PS) and carbonized resorcinol-formaldehyde (CRF). PS foams are 
produced via an inverse emulsion system developed by Unilever Research 
Laboratory2, and also reported by Lift, et al.3. The foams have an open-pore cellular 
structure as determined by scanning electron microscopy (SEM). The cell size of PS 
is controlled by the emulsification method and the surfactant concentration.4 CRF 
foams are synthesized from the base-catalyzed condensation polymerization of 
resorcinol and formaldehyde developed by Pekala.5 Transmission electron micro
scopy shows that these foams have a bead morphology similar to silica aerogels. 
The bead diameter (ranges from 30-100 A) and the density of CRF are influenced by 
the catalyst concentration. 

Both PS and CRF individually have satisfied many of the requirements. Yet each 
one has superiorities over the other. PS, with better mechanical properties, is easier 
to machine and handle, whereas CRF, having a much finer cell size (<0.1 urn), offers 
better wettability and uniformity. On the other hand, the large thermal contraction 
of PS (1.5% from room temperature to 20°K), and the random cracks found in 
machined CRF are some of the undesirable features that we want to avoid. Thus, 
the concept, initially developed by Joel M. Williams and Alice M.Nyitray of Los 



Alamos National Laboratory, of combining the best qualities of both foams has led 
us to the new development of carbonized polymer composite foams. 

Preliminary investigations revealed that the carbonized PS/RF composite foams 
(CPR) exceeded some of the best properties of either parent materials (PS and CRF). 
This paper describes and compares the structure and properties of the composite 
foams and their constituents. 

EXPERIMENTAL PROCEDURES 

Foam Preparation 

The first step in preparing the composite foam was to make a PS foam matrix. 
To do this, a mixture of water and oil was emulsified by a specially built pneumati
cally driven syringe pump, or by a counter-rotating mixer (Brookfield homogenizer) 
to form a water-in-oil emulsion. A water-to-oil ratio from 83/17 to 98/2 was used for 
this study. A surfactant, such as sorbitan monooleate (Span 80), is needed to 
stabilize the high internal phase emulsion. The oil phase contained 20-35 wt% of 
Span 80, and the remainder was a 50:50 mixture oi styrene and divinyl-benzene 
(DVB) monomers. The DVB was added to increase the strength of the foam 
through crosslinking. The water phase contained distilled water, and 1 wt% of 
sodium persulfate as a free radical polymerization initiator. After the emulsion was 
thermally polymerized at 50°C for one day, the cellular foam was washed with 
isopropyl alcohol to remove Span 80, and with distilled water to remove the 
initiator decomposition products. 

The cells of the extracted PS were then filled with RF solutions which contained 
the resorcinol and formaldehyde monomers, sodium carbonate as the base catalyst, 
and distilled water. The catalyst concentration was fixed at resorcinol/catalyst 
weight ratio of 300, the optimum ratio to prevent substantial shrinkage5. The filling 
procedure was performed either by vacuum, or by injection in which RF solutions 
were pushed into the foam by nitrogen gas at 30 psi. After filling, the foam was 
submerged in RF solution inside a sealed bottle that was heated to 90CC for 3 days. 

The last step involved pyrolyzing the PS/RF composite (either wet or dry) in a 
horizontal tube furnace (Ohio thermal furnace, model #SN11C) under vacuum. 
The furnace was heated from room temperature to 1050°C in 12 hours and held at 
1050°C for 4 hours. The power was then turned off and the furnace was allowed to 
cool for 24 hours. 



RESULTS AND DISCUSSION 

The polymer composite foams can be prepared in a variety of densities. Before 
pyrolysis, the density of PS/RF foams depends on the concentration of the starting 
materials, that is, it is an addition of the density of PS and RF. After pyrolysis, the 
weight of CPR seems to depend largely on the concentration of RF, resulting in a 
decrease in density. 

Studies from thermalgravimetric analysis (TGA) indicated that PS foams cannot 
be carbonized, but vanish as volatile gases escape at temperatures above 450CC. RF, 
on the other hand, always leaves half its weight at 1000°C A 41 mg/cm 3 composite 
foam with 50% PS and 50% RF in composition thus lost 75% by weight (50% from 
PS and 25% from RF) after pyrolysis. With a 50% decrease in volume, the density 
was lowered to 21 mg/cm 3. 

The morphology of the polymer composite foams was examined by SEM. Figure 
1 displays the cell structures of PS and the composite foams before carbonization. As 
shown, PS has a cellular structure with 1-2 urn cells. Its structure is retained after RF 
filling. The RF beads are hanging inside the cells of PS in the form of cobwebs at low 
concentrations of RF, and of round balls at high concentrations in the PS/RF foams. 
These PS foam matrices were prepared by the syringe pump. Foams prepared by the 
Brookfield homogenizer have cell sizes of 5-10 um, but the RF is deposited in the 
same manner. Further studies from SEM reveal that the composite foam retains 
the same cellular structure of PS and the bead structure of RF after carbonization. 

The retention of the cellular structure of PS foam is unexpected in CPR. As 
indicated by TGA, PS molecules would have vanished at temperatures above 450°C. 
Thus, we suspect some interaction must take place between PS and RF during 
pyrolysis. One possible mechanism is that RF, which is carbonizable because of its 
high aromaticiry, coats the PS, acquires its cellular structure and retains it while PS 
escapes at elevated temperatures. To see if other high-carbon-yield materials would 
give the same effect, a PS foam was filled with polyacrylonitrile and pyrolyzed. 
Again, the cellular structure was retained in the carbonized foam. Currently, we are 
trying to identify the actual mechanism(s). 

The mechanical properties of all foams depend heavily on their cell structures. 
Since CPR foams acquire the highly regular, geometric structure of inverse-
emulsion PS, they should be stronger than CRF foams, which have an irregular, 
fractal type structure. This prediction is verified by uniaxial compression tests. 1 cm 
cubes of CPR and production CRF, which was synthesized from the best formula, 
were compressed at a strain rate of 0.1%/sec using a mechanical testing aparatus 



(Instron, model #4201). At 21 mg/cm3, the elastic modulus of CPR is -20 MPa, 
whereas production CRF is ~2 MPa at 35 mg/cm3. When compared to its 
uncarbonized derivative, PS/RF (41 mg/cm3), and PS (25 mg/cm3), CPR is stiil the 
superior material (see Table 1). It is therefore easy to handle and machine even at 
very low density. Its superior mechanical strength would also make it suitable for 
structural applications that require high strength/weight ratios. 

In addition to its impressive mechanical properties, CPR possess satisfactory 
wettability and dimensional stability in liquid DT. As illustrated in Table 1, CPR is 
comparable to CRF in many respects. Yet, it has the best mechanical properties and 
thermal contraction among the four polymeric foams. The only disadvantage of 
CPR is that its cell size can at best be made to 1 |im, as limited by the inverse 
emulsion method. This would preclude CPR from use in advanced lasers which 
require more stringent uniformity. 

CONCLUSIONS 

Low-density carbonized composite foams with good qualities can be prepared by 
the back-filling method. A variety of structures and densities can be tailor-made for 
specific needs. The carbonized polystyrene/resorcinol-formaldehyde (CPR) foams 
are promising for Laser ICF targets. They possess the superior mechanical properties 
and machinability of the PS matrix, the wettability and stability of the RF fillers in 
liquid DT, and do not contract when cooled to cryogenic temperatures. 
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Table 1. Properties of polymeric foams 

Density Ec 
Foam (mg/cm3) (MPa) 

CPR 21 20 

PS/RF 41 10 

PS 25 5 

Production CRF 35 2 

Thermal 
Wettability contrac-

and Stability ion at 
in liquid DT 20°K (%) 

Satisfactory + 0.02 

" " -1.00 

" " -1.40 

" " + 0.20 



PS foam matrix 

PS foam filled with 
10 wt% RF 

PS foam filled with 
2 wt% RF 

Figure 1. Scanning electron micrographs showing cell structures of PS foams 
before and after RF filling. 


