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REFLECTED SHOCKS IN SIO,"

J. N. Fritz and R. G. McQuaen

Loa Alamos National Laboratory
Loa Alamna, NM 87545

Pavlovakil et al.l. by compraeaion by a magnetic field, find a
The tvanaition, having a 2-fold increass in denaity

quartz (sentrope at 125 GPa.

over and above the denaity iancrease from quartz to stishovite, 1ia
The geophyeiral fiplications of auch a tranaition would be

metalization of
profound.
the ahock

quarte.

eentad. No
up to 145 GPa.

INTRODUCTION

A two-fold increase {n danaity in SLOZ at 125
GPa over and above the (ncrease {n denslty
from quartz to atishovitea would have anormousa
geophysical conaequancnA . Much of the
conjecture about the compoaftion of tha lowar
mantie depends on the refative incompressibfl-
ity of stishovite and other oxide phases which
ere asaumed to bahava {n a similar mannar.
Indeaed, such a tremendons density chaaga makea
si0, a viable candidata for a core
conAtitnent. It would evan be a condactive
constitucnt {f the transftior producing such a

large denafty change waa to a metallic phase
of SLOZ.
Tha abaunce of anch n trannition 1in

ningle=-ahock datn nwtarting from a material
vith quartz-like density (s not an argument
againert the nximtance of wsuch a tranmition.
In the oxact expreasion for the mlope of the
Hugonlot curve, tha factor 1 = y(P,V)(V, -V)/2V
occury {n the danominator. Although the
factor doce not vanieh until a density of
13 g/cm| {s attained (for the amaumption af y
constant and a Ty @ 1:32 at ntinshovige
denaity) 144 in alrandy amplifying the
locelly=high tmentroplc slope by a fnctns of
three by the time the dansity (35.75/cm’) at
which Paviovakil et al.! sea the transition i«
attained on the Afngle-shack Hugoniot., Thin
{n another way af maving all the extra enargy
ona punits into 4 Aingle mhack goem {ntn tharmal
eneryy and doenn’t {ncromma the denaity. Mul-

tiple mhocks provida m way of getting ta the
higher Jdensities with an imentrapic comproe-
nion befng the limiting cawa aof multiple

shocking- L[f stishovire were availlahla an a
ntarting matarinl one enald nhwerve the tran-
nlition in mtagli=ahack datn  (the vV, itn the
Factar im much redouad).

Fur nav we present
two rafllected nhaek curvan, centored at twa

diffrreat pressnron an o the  Aonvacallte
Ungoniot.
*dark ﬂﬁﬂ;&i}ﬁ Ly the .5, Department nf

Energy.

One would not see auch a transition {n aingly-ahocked quartz
energy would be {ncreasing the tharmal enargy.
formed asacond=-shock experimenta on a fino-grained quartz.
evidance for a cataatrophic volume collapse was found for seacond shocka

traneition on the
agcribed to the

bacsuaa all
Accordingly, we havae per- .
Theae data will be pre- .

Experlmental

Two thin alaba of Arkansas novaculfte, n
fine-grained quartz sggregate with a denstity
of 2.64 g/cm3 anr an lmpurity content of leas
than 1%, ware wusoud na base platca {n one nf

our standard configurations for masauring
shock vetoctities. Explosive aystema drave
matal plates (2024 Al for the Llowver prenaure

shot and 347 stainloes atanl for tha highes)
through n 23 mm He-gae-fiiied free ran to
{mpact on the noviacallte base plates (5 and 4

mm thick for the fowsar and higher preasura ex-
periments). Tventy-six nsamples weare monnted
{n en massmbly that held them to ths other
side of tha novaculite. Light from flask gape
on the basa plate and samply eurfaces wne
racorded by n etruak camers nnd servad to nea-
aure the ahock velocities i{n rthe asmples.
Shock velocitiem {n noveculitc ssmplen Reve
tha bame-platu srste (our {(nitiel natate for
tha auhrayuent reflacted ehock) and four other
materiain of higher {mpedence raflcctad mhocks
at varifnue nstrengths into the bnres plate.
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The single-shock equation of stata of theae
materiala then permits us to obtain the P-u

pointa of the reflected ahock 1in the baag
plata, centered on the 1initial shock atate
measured by the novaculite sampla.

Becauas of the high wave velocities 1in
compraesed 510,, ona needs to take apecial
care that the u, measured in a aampls ia
uncontaminated by multiple wave interactiona
from the rear. Figure | showa the wave inter-
actiona appropriate to the W eampla for the
highest preasaure shot. The S$S5347 driver must
be thick enough ao that the release wave from
ita back surface does not interfere, and the W
u_, sample muat be thin enough so that the next
nﬂock from tha novaculite will not catch up
and give a apurioualy high ehock velocity.
The bulk calculationa (aolid lines) indficate
esafety. Posaible elaatic precursors (dushad
lines) cut {nto thias margin. If we add up the
time incremante {ndicatad by the added paren=-
theals and aubtract thia time from the extrap-
olated sacond sahock {n W wa »stili have a
safety margin of 0.07 us after the first ahock
fn the W slama 1into the aluminum ehlm sand
flashes the gap. The precursor before the
shock convarting the siagly-shockad novuculita
(l; a 55 GPa state) to the doubhly=-shocked
novaculfte (2, 15C GPa) s wunlikely. [he
ntate 2 {A our chief concarn. If the trensi-
tion ware present tha wava converting 1 to 2
would be approximately am ehown, but would
only convert tha novaculite to 125 GPa. A
sscond whock aemanating from the novaculite-W
{nteraction traveling at a very alow vslocity
would eccomplinh the actuail phase traneition.
The P=n_ matated corresponding to the polygonal
nrenn lR tha y-t interaction diagram are ahown
{tn PFlg. 2. Statea 1 (s the singly-nhocked
novacalite and {t bouncem up betwian the W and
§8347 llugontotw. Straight wsol!d Llines are
churde comecting the interaction atatas. The

) I . J
. . )
s ‘ Toresm ¢ 198 9t auan "
' vt : Wane/y
- [ ' '
l ’ I’ y Py, !
[ .
. \ :
. w
! |
-e .
1
- A
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dotted 1line from 1 up 13 the calculrted
veraioun of the reflected ahock curve we wiah
to meaasure. Shock-velocity measuremsnts of
varioua materials on rhe base plate put
exparimental pointa on this plane. If a
2-wsve structura goes back into the baae plate
above 125 GPa tha dotted wave with the 2° on
it will result. Unlike forward wcka in
samples, a aample aftting on the vase plate
mosaures the state behind the aecond shock.
This aecond shock (third ahock actually) waa
computed by centering it on the break-over
point on the doubly-shocked curve and asauming
a vertical P,V curve aa the andpoint at a
denaity of 10 g/cmj- Clearly the form of this
slternate saction of the reflacted-shock curve
dapenda on form of the transition in the P-V
plana.

For the calculations {n chim saction and the
reat of this note the EOS for novaculite wa
have used is a Hugoniot curve for astishovite:
Py = 4.287 g/em?, - 7.626 km/a, 8 = [.5;
and tha off-Hugoniot specification of energy:
pY conat. with Yo (stlshovite) =« 1.52, and
E,(atizhovite) - E,(quartz) = 0.80 J/mg.

Resulta

Figure 3} shows the u_, measurementm. For each
meterful they come Tn two groupa, ona for the
lover-preaaure ahot and one for the highar.
The aspread (n velocities Im an ‘ndication of
the prucision and (n atiso a coneequance
(posaibly) of variation {n base-plate preesure
{n the l.teral dimanetan. In aither case,
sveragea Aara appropriate. The EOS“e of the
various materials permit am to plot these
points {n the ag-u; plana and in PLg. 4, in
the P=u plane, where the measnred
ref lected-ahock curves are now ohvioua.
Fignre 5 mhowa the calcnlated reflacted sliocks
from the measured paints on the mingle=-ghock
Imgoniot and Figure 6 shiows thome curvem and
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comparea them with the averaged experimental
pointa. If the transition ware to have oc-
curred the uppar W point would have fallen on
the lower one, but it {s on the continuation
of the doubly-shocked curve.

Theae reaulta are senaitive to the cloaura
time of the flaah gapa on the baae plate. If,
upon releasing to a low preasure at a free
surface the stishovitc does not reconvert to
quartz, the time required tc cloae the yap l»s
appreciably longer. This haa :the affact of
lovering the meaaured shock valocity 1in che
higher {mpedance samplaas (tha effeact {a
aymmetric on the novaculite samples and
fntroducea mno arror). If {t reconverra, then
ug, = 2u_ (or a little graater). Some axperi-
mentns ugre done to investigate this point and
fndicate the latter 1is correct. Thua, the
open aeymbola are prefurved and the closed
aymbols are shown to {lluetrate the magnitude
of thls affect.

Discussion

The W raesult at 150 GPa contradicta the
existance of a transitlon at 125 GPa. If
thera {a an 1incubation time asasocisted with
this cransition, our oxperiment ls (f(ll-smuited
to detect (t. The shock velocity set up (n
the tungaten Llnitially (s cthe {instantaneous
reanponAaa of the novaculite. If {t caves in
later, then this information must travel to
the advancing al.ock front in tungsten end alov
it down. Our braeek-ovar point, (f we had
detacted 1it, would have bhean conslderably
hotter than the onc obmarved by PFavliovekii at.
a’ on the fsentrope (thim le very clome to
«n stishovite Hugoniot). A pomitive dP/dT
fo the transitfon would require ue to look
higher i{n pramsuru., [i tm difficult o get =«
higher (mpednance materfatl to probe highe:
along thame particular roflectad ehocks. llow=
ever, {t {im quite (ecasible tu go to a highar
{nitinl ntate and pet to subatantially higher
raflected pressucsa, Son@ experimenta along
thene linen should be doun. Good, larga mlahw
of novacnlite, fo= 1A for the moment unfortu-
aataely, had becane r:arce.

Two other argumenta, pro and rcon, can he
Riven. Rat{le, {n tha ratlle strnctnre v
known to hnve « large volume coilapne. Thin
high=prananres phane could be a candidats Enr
the high=denutty 510, phane. On tho Hthes
hand, {1t tm difftenlt to vaderntand why thare
Ltan’t a huge dtmcomtimmizy tn dennity (n the
mantie at 129 «Pa,

The atructu=s (o 1he Jower part ol aur
raflectwl=uhiack cnrven conld he {nterpreted in
tarma  af  the plinse changen Coand by lLysenpa
ot al.(2) anml smrPRelve-s The hravicy af  thin
nate  and leagth of anr ancertalntien peocinde
making tasa mneh aof this.
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Fig. 4. Individual P-u_ points on the 510,
reflected ahocka. P
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