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ABSTRACT 

Fusion research is being vigorously pursued at Lawrence Livermore 
Laboratory and other laboratories throughout the world with the ultimate 
goal of generating power from controlled thermonuclear reactions. 

We will present two approaches to the problem of constructinq gloss 
targets with diameters of 100-500 u and wall thicknesses from 1-20 u. 

"Work performed under the auspices of the 
U.S. Department of Energy by th* Lawrence 
Livermore Laboratory wider contra.-, number 
W-7<S05-liNG-48." 
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INTRODUCTION 
There are many research programs trying to alleviate the energy shortage. 

One of these programs is the laser fusion effort at the Lawrence Livermore 
Laboratory. Figure # 1. This paper discusses our efforts to supply the 
program vn'th high quality, deuterium tritium gas filled microspheres for Laser 
Fusion Targets. 

The range of specifications we have to meet are: Figure #2 
1- diameters from 50y- lOOOy 
2- wall thicknesses from lu-20u 
3- sphericity better than 5% 

4- concentricity and wall uniformity better than 5% between inner 
and outer surfaces. 

5- surface finish 1000 A or better 
6- formed of a glass composition which is permeable to DT gas at 400°C, 

and which will hold DT gas up to 100 atmospheres at room temperature. 
Commercially produced spheres do not meet the sizes tight tolerances 

required of target spheres for this program. We can see in Figure #3 that the 
concentricy and wall uniformity of the commercial spheres-are quite'inferior 
to those showing our production. Figure #4 

;"-In"the- production of these -target spheres wehave used the liquid droplet 
technique, to give precisely controlled mass from sphere to sphere. This , 
technique was first published by C. D. Hendricks and S. Babil'1' in a 
process, of manufacturing uniform solid glass balls from aqueous solutions of 
glass-forming oxides. 
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undisturbed into the oven. The other 31 are deflected electrostatically and 
recycled. We can regulate the spacing between droplets and keep them from 
colliding with one another. If these droplets were allowed to collide we 
would lose control of the droplet mass. A typical droplet generator is shown 
Figure #9. 
Drying Column 

Figure #10. The drying column consists of a 9' length of 3" diameter 
stainless steel tubing. This tubing is wrapped with 6, 1000 watt heating 
tapes evenly spaced along its length. Each heating tape has its own 
thermocouple and controller. As the 150 micron diameter droplet falls through 
the drying section of the oven it first passes through a temperature zone of 
300°C to 4.00 °C. In the upper portion of this section, surface water is 
rapidly vaporized and a gel ball is formed (Figure #11). The gel ball at this 
point has an outer semi-dryed membrane with a liquid center. The remainder of 
the drying column temperature profile is designed to vaporize the internal 
water at a rate equal to the rate of diffusion of this water vapor through the 
highly permeable outer membrane. If the temperature is too high the balls 
will explode from excess pressure, and if it is too low they will collapse to 
a solid bead. As water is being, forced through the outer skin of the ball che 
glass forming oxides from the trapped solution are collected on the inner 
walls,, and become part of the gel membrane. 

The gel ball,is now expanding in diameter due to a slight internal 
pressure. At the end of the:9' long drying section the ball has a diameter of 
about 1.5mm and a wall thickness of approximately 1000A\ 
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The ball production system we have developed (Figure #5) consists of four 
basic sections^'. 

1. Droplet generation 

2. The drying column (comprised of the encapsulation region and the 
dehydration region) 

3. High temperature oven (comprising the transition region and the 
refining region) 

4. The collection region. 
The complete system is shown in Figure #6. 

Droplet Generation 

The glass forming compounds vised are generally sodium silicate, potassium 
hydroxide, lithium hydroxide, boric acid and water. An aqueous solution of 
the glass forming oxides is fed under pressure through an orifice. As the 
solution passes through the orifice it breaks up into drops. This drop 
forming effect is known as the Rayleigh Effect' shown here in Figure #7. 

We control the drop formation by vibrating the droplet assembly. We 
accomplish this with a piezoelectric transducer coupled mechanically to the 
droplet generator. By using an oscillator to drive the piezoelectric crystal 
at a frequency of 4000-8000 KHZ we produce very uniform 150 micron diameter 

..drops... .Figure.. #8.. T_ _... .,... .•..„ 
Each drop, after leaving the orifice, passes through a charge ring which 

inductively charges the droplet to approximately 200 volts. During normal 
operation 1 droplet of every 32 is left uncharged and is allowed to pass 
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High Temperature Fusing Section 
The fusing section is a 1500°C oven 4 fuet long with 3 individually 

controllable sections. The tube for this section is usually 3" diameter 
quartz, but we have been experimenting with 99% alumina tubing and it has 
surpassed the quartz in performance. 

The ball now enters the transition region which is the upper 12" of the 
high temperature oven. The transition region's temperature is held at 1100 9C 
to 1200°C. It is here in the transition region that the glass forming oxides 
are fused into glass. As this transfcmation begins the gel wall turns to 
liquid, its viscosity drops, and the microsphere begins to collapse under the 
influence of surface tension forces. Since there is little or no excess 
pressure within, the collapse is rapid but is partly offset by a buildup of 
internal pressure due to decreasing inner volume, and to the release of new 
water and possibly other occluded gases generated during the glass formation 
process. We have determined that to produce highly concentric balls this 
glass forming chemical reaction should take place as rapidly as possible, in 
order to ensure uniform collapse. Balls emerge from this section of the oven 
with a diameter of about 200-300 microns. 
Refining Section 
"The ball next enters a section called the refining zone which is the 

bottom 2 feet of the high temperature oven. This section is run typically at 
about 1200°C. In this section the chemical reactions are completed and any 
pockets of incompletely reacted material are turned to glass. Any small 
bubbles trapped within the walls diffuse out. The ball shrinks somewhat in 
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diameter in this section due to the permeability of the glass, and if the 
viscosity of the glass is low enough any defects in sphericity will be 
eliminated due to surface tension 
Collector Section 

This section is constructed of 3" diameter stainless steel tubing 2 feet 
long. This tube is long enough to allow the balls emerging from the high 
temperature oven to cool below their strain point before coming to rest*. 
At the bottom of this section is a line connected to a exhaust blower through 
a flow meter. The blower overcomes the convection current of the oven and 
ensure a net downward movement of the balls. 
Chemical Treatment 

The glass spheres are taken from the oven and sieve cut to a specific size 
range. They are next put into a pressure vessel and subjected to a high 
pressure to implode the imperfect or defective spheres. Next they are washed 
with dilute acids and solvents in a procedure that we have developed until it 
is determined that they are clean. Figure #12, and at this point they are 
ready for drying, final characterization, and storage in alcohol. The wash 
technique that we use results in microspheres that have high surface 
smoothness (better than lOOOA and good resistance to weathering in air. The 
spheres now can be filled with OT gas as the need arises. 
SUMMARY 

We have developed systems which have the capability of producing large 
numbers of high quality laser fusion targets. By controlling both temperature 
and transit time through the oven we can produce large quantities of highly 
concentric balls with varying wall thicknesses and diameters. 
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FIGURE CAPTIONS 

FIGURE 1. 20 Trillion Watt "Shiva" Experimental Laser Fusion Facility 

FIGURE 2. Criteria for Laser Fusion Targets 

FIGURE 3. Laser Fusion Glass Microspheres 

FIGURE 4. Glass Microsphere Production 

FIGURE 5. Schematic of Droplet System 

FIGURE 6. Target Sphere Production System 

FIGURE 7. Droplet Stream Showing Rayleigh Effect Stimulated and Stabilized 

FIGURE 8. The Droplet Generator is a Microdispenser 

FIGURE 9. Droplet Generator 

FIGURE 10. Liquid-Droplet. System 

FIGURE 11. Gel Microsphere 

FIGURE 12. Microspheres after Correct Wash 
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GLASS MICROSPHERES . 
Criteria for laser fusion targets 

1.) -Diameter range 50 /JL — 1000 n 
2} Thickness raiige 1 fx — 20 fi 
3} Sphericity better than 5% 

';••':•"•;'.. 4)'.'C6oicenfric3ty and wall uniformity 
better than 5% j 

•', 5) Siirfsce finish better than 20)00 A 
6} Strength — able to contain up to 

1Q0 atoiosphere^of DT 
7) Composition — ?ow Z material 

Commercial glass microspheres are unable to 
meet these criteria 



LASER1 FU3tOi\l'G.tASS,'JV!{CROSPHERES ! ® 

\1:LI_L'*?i'icrq$pheres 3 M microspheres 

Diam. - 1 5 0 M Wali-Q.Bpi 
Wa l i~8 / i Concentricity defect 20 - 100% 
Concentricity defect"1 — 5% 



GLASS MICROSPHERE PRODUCTION 
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THE DROPLET GEiMERATOR IS-A MiCRODISPEWSER 

The 
char 

drops are selective 
ged by induction' 

Charge 
signal 

A jet of glass solution is formed 
at an orifice and broken into 
drops by ultrasonic stimulation 

And the charged drops are 
deflected into a catcher 

Drain 

The uncharged drops 
pass into tha oven 
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LIQUID-DROPLET SYSTEM US 

Water droplet 
~200ju 

Droplet with 
gel outer membrane 

"Wet" gel 
microsphere 

~500/z 

Hollow "dry" 
gel microsphere C ) 

~ 1 0 0 0 M ^S 
Glass microsphere O 

Glass microsphere 
~15G> O 

Glass microsphere 
~ 150 ix 

Droplet generator 

Encapsulation region 

Dehydration region 
6 -8 ' long ; T 2 ~250°C 

S * 

4 

Transition reyion 
12" long;T 3 

~9G0--105O°C 

Microsphere rermmg rertior. 
2 ' fong;T ~11QQ-12QG°C 

Collection region 
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iVnCROSRHERES AFTER CORRECT WASH 
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