INVESTIGATION OF THE SHOCK COMPRESSIBILITY
OF QUARTZITE, PARAFFIN, AND POLYTETRAFLUOROETHY LENE
BY USING A MANGANIN PRESSURE SENSOR

N. G. Kalashnikov and M. N, Pavlovskii UDC 539.63:539.58 : 550,32

The possibility is shown of using a manganin pressure sensor to measure duplex shock com-
pression. Results of experimental determinations of the shock compressibility of quartzite,
paraffin, and polytetrafluoroethylene to 390-920 kbar pressures are elucidated. The data
obtained indicate the probable existence of a silicon dioxide phase with a density exceeding
the density of stipoverite by 11~17%.

The compression of quartzite, paraffin, and polytetrafluoroethylene (fluoroplast~4) under head-on
collisions of shock waves in these materials has been measured by a method based on the increase in elec-
trical resistivity of manganin under compression [1]. The set-up of the experiment is shown schematically
in Fig. 1a. The specimens were doubly compressed by plane shocks being formed during the explosion of
two identical, simultaneously initiated, cylindrical charges 1 of 120 mm-~diameter explosives located oppo-
site each other. The specimen under investigation consisted of three layers, between which were two man~
ganin sensors connected in series. The thickness of the layers 2 between the aluminum shields 3 and the
sensors was ~2 mm, and the thickness of the layer S between the sensors was —18-25 mm. The sensors 4
were fabricated in the form of sinusoids from 0.2-mm-diameter manganin wire, compressed to a thickness
of ~0.1 mm. The total resistivity of the sensors was ~3 Q. Copper foil leads 5 were soldered to the
ends of the sensors. '

The electrical circuit described in [2] was used to supply the voltage pulse to the manganin pressure
sensors and to record the signals obtained. The voltage pulse was fed to the sensors through a ballistic
resistor with a capacitor of around 4 uF capacitance. The magnitude of the ballistic resistor was much
greater than the total resistivity of the sensors; hence, current remained practically constant in the cir-
cuit throughout the recording time. The voltage from the leads to the sensors connected in series was fed
along cables directly to the deflecting plates of a C1-24 type oscilloscope. A change in voltage reflected
an increase in sensor resistance during their shock loading.

An electric cirenit was used as measuring apparatus. Signal recording was accomplished by using
C1-24 type oscilloscopes.
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TABLE 1

Specimen compression parame- i ¥ :
ters produced by the first load. | PeCimen compression parameters

l};/Iaterial ing shock ~ jproduced by the reflected shock
eing in- Dy, l Uy D AU
vestigated km/ { km/ { v 6, Pi kr%'/ km/ |22 03
_Llsec |sec Kbar __gfem® | sec ’SSIE kbar | © g/cm®
Paraffin
. 3 8,25 ( 1,58 | 299 {4,908 1,72
pp=9.9 gfom 6,10/ 2,14) 118 |1,543 ] 1,39 | 9,08 | 2144 | 388 | 2l020 | 18
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6,88 | 0,90 | 405 11,790 3,92

. — 3
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Fig. 2

The oscillograms represented in Fig. 2a~d were obtained on paraf-
fin, fluoroplast-4 (Teflon), and quartzite specimens, respectively. The
first excursion of the beam on the oscillograms corresponds to the ar-
rival of loading shocks at the sensors, The duration of the step at the
middle of the front of the first excursion characterizes the nonsimultane-
ity of arrival of shocks from opposite sides at the sensor. The second
excursion of the beam on the oscillograms corresponds to the arrival of
reflected loading shocks at the sensors. That the profile of the second
excursion has two-steps is determined by the nonsimultaneity of reflected
compression-wave arrival at the sensors. The noticeably lesser duration
of the step in the second excursion is explained by the substantially higher
propagation velocity of the reflected waves over the substance which has
already been compressed first hy the first loading waves. A single-
wave configuration of excursions (see Fig. 2d) is observed upon the si-
multaneous approach of shocks to the sensors from opposite sides. The
timing marker frequency is 5 MHz in all the oscillograms.

. The compression parameters of paraffin and polytetrafluoroethyl-
ene produced by the first loading wave, which were determined from
electrical contact measurements of the wave velocities in these mate-
rials, and also analogous data for quartzite taken from [3], are presented
in the left half of the table, where the initial densities of the specimens
under investigation p,, the magnitudes of the wave D, and mass U, flow
rates of the first loading wave, the density p,, and the degree of com-
pression gy = p1/pa of the substance behind its front are given,

The compression parameters of the substance produced by the re-
flected shock for the case of a frontal collision between shocks were
determined by using the following expressions:

_ S—Ui{ty+15)
D=0+ Dy (t1+-7w) Dy =57

P2=P1+91U1D12,

D,
Oy = 0y D _.U1 and Py == Pg0y,

where Dy, is the velocity of reflected shock propagation, 7, and 7, are time intervals on the oscillograms
(see Fig. 2a), Py,0,,and p, are the pressure, degree of compression, and density of the material behind
the reflected wave front, respectively.

The results of calculations characterizing the double-shock compressibility of the materials being
studied under the frontal collision of shocks are extended in the right half of the table, The accuracy of
measuring the pressure was +2%, and the density was £1%.

Intermediate experimental points on the P—p dependences of paraffin and Teflon were obtained as a
result of experiments for which the diagram is shown in Fig. 1b. Double-shock compression of the speci-
mens under investigation was accomplished in this case by using the shock reflected from the copper sub-
strate 6 located after the specimen. Closure of the electrical contact of the sensor 7, placed on the bound-
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P mbar ary between the specimen under investigation and the copper substrate,

/ permitted obtaining a timing marker corresponding to the arrival of the
10 : i shock on the substrate on the oscillograms (see Fig. 2d). The thickness 8
, //’p’ of the specimen was ~ 10 mm in these tests.
/7
05 . _ ’/O” The compression parameters of the specimens produced by a shock
' /L , reflected from the copper substrate were determined by using the expres-
// sions :
¢ 3 4 5 glem s p_p
s _ Al 2 — £y
Fig. 3 Dy, = o AU = VI
Py =Py + 0;AUDy,,

- Dy
=LA

and 0y == 0y,
where 75 is the time of reflected wave passage over the specimen (see Fig, 2d), and AU‘is the change in
the mass flow rate of the material because of reflected shock passage over it.

The results presented in the table are in good agreement with the data in [4, 5] characterizing the
double-shock compressibility of paraffin and polyfluoroethylene and the mass flow rates obtained earlier
by using a magnetoelectrical measurement method, which confirms the correctness of the results obtained
by the new method.

Use of manganin pressure sensors to measure the double-shock compression assures a number of
essential advantages as compared with the magnetoelectrical method used earlier {4, 5]. Inthis case, no
application of cumbersome magnets or electrical generators for their supply, nor the amplification of the
signals being recorded, will be required. There is no need to measure the magnetic field intensity. This
not only simplifies conducting the experiment, but also assures higher measurement accuracy. The new
method permits use of a high-explosive charge of arbitrarily large weight, which will afford the possibility
of using measuring apparatus possessing the best symmetries and moving forward into higher pressure
ranges. Also of no little importance is the fact that the possibility of studying piezoelectric materials, for
example, quartzite, was manifest. A comparison between the data in the table characterizing the double-
shock compression of quartzite and the data known for the single~shock compression of quartzite [3] shows
that the experimental points newly obtained on the P— p dependence (Fig. 3) lie substantially to the right of
the stipoverite branch of the single~compression curve for quartzite. This indicates the formation of a
more compact phase of SiO, (approximately by 11-17%) under the compression conditions described, then
stipoverite. Such an increase in the density of compounds of the MeX, type has been noted in [6, 7] for
isotope transformations of substances having a rutile-like structure with the coordination number 6, and
in a fluorite-type structure with the coordination number 8. Another indirect confirmation for obtaining a
fluorite-like mode of 8iO, under the multiple dynamical loading conditions is the orthorhombic SiO, struc-
ture of & —PbO, type detected in [8]. According to [6] and [9], a fluorite-like structure which is stable at
high pressures can be assumed after reduction of the load to the orthorhombic mode of @ — PbO, type. The
results obtained in this paper are in good agreement with the conceptions expressed in [6, 9] and the experi-
mental results from [8].
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