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Summary 

Shock Hugoniot measurements were made on glass microballoons. Input 
pressures ranging from 0.37-3.9 GPa produced compression from 860-690%. The 
Hugoniot curves were found to be anomalous in that the density shocked to 
decreases with increasing pressure. 

Introduction 

Four shock loading measurements were made on glass microballoons to 
determine the Hugoniot behavior. The glass microballoons were manufactured by the 
3M Company (St. Paul, MN). Table 1 lists the properties of the microballoons 
determined by H. Gregg. 

Table 1. 3M H50 microballoon properties. Analvses done 1: 

Specific gravity 0.517H.O.l g/cc 
Surface area 0.331M.003 m2/g 
Size distribution 2.5-80 pm 

Shock Loading 

Median size 
Water (to 350°C) 

(to 750°C) 
(to 910°C) 

organics 
Major constituents 
Minor constituents 

1 H. Gregg, LLNL. 
34.1 wm I 

635k45 pprn 
1430k125 ppm 
235MOO ppm 

0.28M.3 ppm 
Si, Al, Ca, Na, B, P 
Mg, Zr, Fe, K, Li, 
Ba, Pb, Ti, Sn, Ga, 
Mn. Sr. Cu 

Shock waves were generated using a 100 mm smooth bore powder gun. The 
experimental configuration used is shown in Fig. 1. A flyer plate is driven into an 
impact plate. The resulting shock wave is then propagated into the microballoons. 
Barium titanate piezoelectric pins were used to measure the time of arrival of the shock 
front at different depths in the sample. Time resolution was 5 ns per pin. The shock 
velocity in a sample of microballoons was calculated by fitting a line to 15 pin signals. 
Projectile tilt was accounted for in the analysis. 



polycarbonate 

I impact plate, 6061-T6 

sabot, 6061-T6 A1 
or 304 stainless steel . 

Figure 

t 
1. 

-2 0 2 4 6 8 10 
Time (ps) 

Shock loading configuration. 

The maximum velocity attainable with the flyers was 2.5 mm/ps. To generate 
high pressures with this velocity limit one experiment (FH-4) was carried out where a 
stainless steel flyer was used to load an aluminum impact plate which then released 
into the sample. The shock diagram for this process is shown in Fig. 2. The steel flyer 
shocks the aluminum impact plate to State 1. The aluminum then releases to State 2. 

Once the shock velocity is measured in the microballoons the Rankine-Hugoniot 
equations are solved to calculate a state on the Hugoniot. In the case of the steel flyer 
loading the aluminum impact plate the Rankine-Hugoniot equations are used twice. 
The Hugoniot state is first calculated at the steel-aluminum interface. Next, the 
calculated particle velocity is doubled and this value is used as the velocity of an 
equivalent aluminum flyer that impacts the microballoons directly. That is, State 2 in 
Fig. 2 is determined by doubling the particle velocity at the steel-aluminum interface 
and finding the intersection of the microballoon Hugoniot with the reflection of the 
aluminum Hugoniot. At the Al-microballoon interface conservation of momentum can 
be written as 

where 

and 
u u  popB spB PAl/pB ' 

. 

Equations (1-3) can be solved to determine the Hugoniot of the microballoons. 
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Figure 2. Hugoniot construction of a steel flyer impacting aluminum and 
the aluminum releasing into the microballoons. The steel flyer impacts an 
aluminum plate at a velocity Vf shocking it to State 1. The shock transits 
the impact plate and loads the microballoons to State 2. 

Table 2 lists the Hugoniot values for steel and aluminum used in the data 
analysis. The Hugoniot data measured in this work are summarized in Table 3. In 
Fig. 3 the data are plotted as Us vs. up and P vs. V/Vo. The Us-up data can be described 
precisely as a straight line. Figure 2b shows the anomalous P-V/Vo behavior. That is, 
the higher the shock pressure the lower the density of the final state. This is due to the 
thermal portion of the compression energy being large with very porous materials.1 

Table 2. Hugoniot values for flyer and buffer plate used in calculations. 

Y CO S Po Material 

6061-T6 Aluminum 2.703 5.35 1.34 2.00 
304 Stainless steel 7.890 4.565 1.495 2.17 

(g/cc) (m/cLs) 
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Table 3. Shock Hugoniot data for 3M H50 microballoons. 

a Measured. 

C 

6061-T6 Aluminum flyer. 
304 Stainless steel impacting 6061-T6 aluminum. Aluminum releases into the 
microballoons. 
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Figure 3. The Hugoniot of 3M H50 microballoons. 

Conclusions 

The Hugoniot of 0.325 g/cc 3M H50 glass microballoons is linear in Us vs. up for 
shock strengths ranging from 0.37-3.9 GPa. The intersection of the Us vs. up curve is 
near zero suggesting at shock pressures below 0.37 there is a decrease in the slope of Us 
vs. up to allow for a positive non-zero sound speed. 

Higher shock strengths in the microballoons were found to produce lower final 
densities. This is due to the partitioning of a large fraction of the shock compression 
energy into a thermal component in this porous media. 

P 
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