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SHOCK-INDUCED REACTION IN SEVERAL LIQL’IDSt

1

Stephen A. SHEFFIELD and Robert R. ALCON

Los .+larnoa Xntiond Labor~to~. Group \l-9, \fS P952, Lm .+lamos, SCW \[exico S75-b5

Single-duxk experiments have been completed in sevend liquids using multiple. embedded. Aectromrtgne!lc
Lrgra.ogian article velaity and impulse gau ~ to meaaure shock waveforms. The Liquids include acryloni-

f 7trile. bromo otm, diidomethane, phenylacety ene, bromcxyclopro ane, and carbon disuMde, Some of these
Jarc known to exhibit shock-induced reaction and (lttm-s are cons] ered to be candidat~ for reaction studies.

The ‘univercd” liquid Hugoniot, which depends only on initial condition so~nd speed. was used to crdcu-
Iate the unreacted Hugoniot. Sound velaiti~ were messured for those liquids wi[h no data ovailable. Tlw
effects of shock-induced reaction are c!euly identifiml in the particle velocity waveformn for some materi:lls.
but there me remaking qumtions about whether reactionn orcur in others. The most impressive results nrr
(hat the full reactive. twewave structure WM mem-ued in phenylacetylene. On the reacting materials wir II
tmwave structures, the article vehxity waveforms had a dccresse behind the top of the first wave, This IS

rthought to be evidence o an early reaction which occurs M the top of the first (no~: .activ~) wave,

INTRODUCTION

.+lthough a number of expenrnentd studies have

been made on shock-induced reactions in liquid ma-

terials little basic understanding concetming why the

materials reac~, and what the reactions uc hu re-

SUIM. Our purpcme is to 11.ndmatmials that can k

studied spectrtmcopicdly to gain understanding of the

reaction process, The approach is to identifi csndi.

AatC ]iqtids by making mcwurcmcnts of the shock

wave prok resulting from the reactions. Cmbon

disullldc (CS~ ),1’4 acrylonltrilc.5 lnluenr.c benzcne,e

snd other orgwc liquids6-’ am known to hnw rear.

tions which remdt from shmk loading up to particular

ICVFIS, Thew r~art ions Imve unually b~n nrtabliohcd

by noting cusps in ● plot of mrssurrd HuRoniot data.

For CSa’-41’ snd rmylonitrll~’ ?xtrnsive studim havr

lwen merh with only limltmf sucrmn in undmstanding

the rractions,

Mrmy M hrr mntrn ah probably will rmcl In tlw

~lmrk enviror, nmnt but hnvc not ywt Pn Idrmtifbd,

A m~thod hcMlwwt drvwd to mtlmnte the liquid

Htl~mmt snd thsw d,> a frw shnck rxprrinwnln 10

Ionk for IIeviationn from thin Hunonmt U) - If there

10 rvlrknc? of A rrartion. We report hrrc proRrrm

madr using thin mpprnach,

—-—-. . . ..—— .——
t W’,,rk prrfwitwd un(br (1.. ●Iml,Itm d It,? 1’ S lkp~ftmmnt (If }:n.r~

2. EXPERIMENT

There MC three cmpecrs to this study. E’irst. an

estimate of the shock Hugnniot is obtaind using the

“universal” liquid Hugoniot, g Thin relation requ.irm

knowledge of the initial condition sound s- so a

method WSJ devrloped to mcsaure this pro~ty. Fi.

nd]y, M ●kctrorna~wic gauging technique unique

to La .41amos wss used to mcuurr the shock at.

tributes.

2.1. “Universal” Liquid Hugoniot

~ “univcmd” Ii ~uid Hugoniot relation WM pro

pod hy Wrmlfolk. CowpeI thwai[c, and Shaw at SRI

in 1!373,9 This cmpiricd form in,

[’,/co = 1,37- 0,3iczfi-2ti P/rO\ + 1.6?up/c0

whrr~ [., imthr dmck vrlrwity, tip in par’irlc vAxity,

NIrf Co is th~ initid condition sounc~ opd (the only

m-fjustnhlr pnrmnrtrr), This rela~ion dluwn thr [’t -

II, Hugoniot to start nt Ilw initial condition wmnd

~PIW(l Md still hrwomr lim’~ rtt high prrnmirrn,

\l’r havp URHI tllim rnll~lrird rrlatirm to swtinmtr

thr Hugrmiotn fnr ovrr 40 li{ltllfl~ (with n\milal)IrI

H\lg~mmt dntm), Inrlll,lirq Iiqlll{l nrgrm, mrwclln, IWSII

MIIr, ~SJ, mId wntrr, Thr cnlc IIhIt(xl H\l~tn)iot tits



TABLE I
SOUND SPEED DATA FOR LIQUIDS

Chemical Name
and Formula

Acrylonitrile
H2C=CHCN

Benzonit rile
C6HSCN

Diiodomet bane
CH,12

Phenylacet Iene
tC6H5CZ H

Brotnocyclo ropane
iCaH5 r

2- Bromopro
rCH3CBr= Ha

2.BU; De

1CH3Cia CH,

Drnait
g/cm ?

(-Jg(-J@o”c

l,lo21~”c

3.32520”c

0.92820”c

a 1.51

l,3~220”C

0.69120°C

Memrred
Sound Sped

rnm/ps

i.19~e”c

1,431T”C

0,~27°C

1.3914°C

0.90725°C

the cxperimentd data weu for this diverse set of liq.

uids; thisisfairly strong evidermr ti,at it pruvides

a good unreacted Hugoniot estimate for liquids for

which no ●xperimental data exists. Deviation of data

from thin curve is aasumed to rcmlt frotz some type

of reaction,

2,2. sound Speed Memumrxnts

We put together a setup and meanured liquid

sound s~a for the liquids w here this property hul

not Iwen previously rqmrted. This quiprnent con-

~isted of a Mitutoyo digitd height gauge, to~ether

with a Pmmrnetrics transducer /rticiver system. Mea.

surcrnents ma(ie with thin system are considerd to be

ncrurate to about 170. Table 1 contains data for wrnr

{If the Iiquidt. mmaurcd to da;?,

2,3, Stink Ex~rimmrtal %tup

All the cxperimmta wem done uning an d-m-long,

72-mm- di-ctm bore, mingle otngc KM gun r@d-

0[ projectile veloclti~ to 1,43 mm/pm in mmppctic

gnuging cxperimentm, .*II ~lm-trornngnct was installed

It] the targdchatnlmr to provirir the m~etir firhi

( IIp to 82S gaunn).

E1-trom~etic gaugitlK in sh(wk rrr~rirnrnts

WM first r~pmted by Zaitwv, rt d, in th~ %virt

Ullmn in 1960.10 W? are lining a synlrm devrlopwl

I)y Vorthman md \Vnrkrrle in tlm muly l!180’s, I I T’hr

KmIqe pnckngr Illrludm Lin R(hliliml to prrtirl? vrl[w

Ity Kmlgrw, imp IIW gmIgen which wrrr first rr~w)rtrwi

--pMMAo-
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Fiaure 1.
Plexiglaa ( PM MA)/Kel. ~ Iiquld cell nnd MIV gauge
ammtruction details.

by Young. et d. ‘z We cdl our gaug~ par~e an \[ll.

( Magnetic Impulse and Velocity) gauge, The gauge

mcmbrnm WM susprnrfed at a 30” rmgle (with the

shock plane) providing particle vrlcwity m-td irnpukc

mrMurrrrmnto at rmch of tlve Lagromgiau prniticms, x

1 mm npn.rt, Drtailn of the gauge and cdl xrz shown

in Figurr i, Th~ inrirle O( the cell (40. G-mm dia. by

9.mm thick) WM Iinrrl with Tdh-m film to prevmrt

rhrmicnj mttnrk WI the Plrxi@. Before th~ unlined

Krl. F crll front wrm attnrhwl, the grtugr prmitimrrr

wrrr u)rMIIrrtl wih R (Iqthnlicronr[]pc

All chrmirnls wre IInmf M rrreived Slmrk.wnvr

IIIp Ul to thr (’cl] WM t)y M Lrx MI proj~ctl[r fMrd Wl(h

n ~IIIKIF rryntd (Z.f}rirulr(l) nRl)ldII~ Ilnpnclrrr.



3. RESULTS AND DISCUSSION

Although large numbers of ●xperiments hav: not

&ecI compl~ted on each material, a single mult. ple

gauge experiment pr.vid= ‘better information than

s-eveml ●xperiments where only one measurement is

made. Since particle vehxity, sbuk velocity, and im-

pul.w (pressure) are all measured, the Hugoniot state

is overdetennin~ and an idea of the internal consis-

tency of the variouu data for each experiment can be

obtained. We wiU provide here only a brief d=crip-

tion of the meaauremeuts in each material. Several

experiments on Fmornofom and dii~ometharte pr~

vialed no concrete stidence of reaction below pr=-

surm of 10 and i ! GPa. rmpectively, although there

were u.nexplamed anomdim in the waveforms.

3.1, Carbon DisulMe

Although several new experiments have been

completai on CS~, the concluaion9 reached in a pre-

vious paper’ remain valid. The cusp in the Hugoniot

occurs at * 5.1 GPa, the state meaaumd at the top of

the hst wave in the reactive wave structure. It he~

not yet been pasible to measure the full t-waw!

structure in thin material with our gaa gun. An in~er-

=ting Mpcct of the latent experiments is that there

is B decreaac in particle velocity (or “pull back”) at

the top of the first wave. A re-examination of the

t-wave atructur- produced in earlier double ahock

~VnnntS] b indicatm similar behavlm. There is

a possibility ti)at this could he the rmult of an cnrly

reaction at the top of the hrst wave (the condition of

incipient reaction) but more work must he dme to

demonstmte thiE. The stunt behavior WM noted for

acrylonitnle and phenylacetylmte hclow.

3.2. Acrylonitrile

A single \lIV gauge ●xprrimmt WM completed on

a.cryhmittile to H if a twwnvc mtructurc could be

rwmkcl. Unfortunately, only the first wnve could he

meaaumcf. although thcrr WM ~virfmtcc that R .serontl

wave formed but rapidly frll behind tlw first wavr.

The wired sped WM fnmuud for this rnnlrrid ( ‘ra-

bl~ 1) IMA the corrmponding cmlculntrd HuKm-uut

~Kred Al with the dnta from th~ Sovirt Union;a

thry rstimntml tlw Hugoniot cump ~t n prrmum of

4.3 GPa. Rnm our measurements of particle vela-

ity, shock velocity. aud impulse (premum) we intimate

that the Hugon.iot cusp occurs at 4.1 G Pa. However,

our meaau.red Hugon.iot state for the Eirst wave d-

not agree as weU M the soviet data with the calc-

ulated Hugon.iot so the ●xact pr=mxe of the cusp is

still in qucwion. The waveforms from this experiment

showed some particle velocity “puU back”, similar to

chat obnerved in the CSZ experiments.

3.3. Brormc~clopropa~e

Bromocyclopropane WM studied becaume ithas

very high ring strain in itt~ thr~-merrtbmed ring. We

felt that the ratbm Imge ring strain would make it

a likely candidate for ring opening in a sh-k envir-

onment, thereby producing bromopmpene. The en-

ergies md denaitiea of these tw materials appear

to be such that this reaction should have a “detona-

tion like” behavior. One \lIV gauge experiment WM

recently completed with an input pressure of u 7.5

GPa. We did not oboewe a twowave structure or a

detonation like waveform. However, there appeared

to be some slight rounding in the later particle veloc-

ity waveforms. This may be the result of a consider-

ably overdrive reaction. It will take eeverd expi-

mentn at Iovmr prmaurea to check thin out.

3.4. Phenylacetylene

We had a d-ire to Icmk at m carbon. carlxm triple

bond liquid and phenylacetylene was chcaun becaune

it haa a high density and sound speed. [t is an acety-

lene molecule tith ● twnzerw ring in place of one of

tae hydrogens, i,e., the carbon-carbon triple band is

attached to a benzene ring, Benzene had a curIp in

the Hugoniot at ●bout 13 GPal’s and it WM ielt thnt

if the carlmn-carlxm triple Imnd WM vm-y rcactivr

in a shock environment, it might brd crmaidcrably

MOW thin; perhapa at a condition we could ob~ain

with our gaa gun. p~wttly, an MIV gnuge experi-

ment waa complrwcl on this matcrid. thutiful d~.

wloping tmwaw particle vclority profiles wrrr m~a.

~lmrrf; the wavrformu mr~ shown in ~igllm 2, Them

●xprrimrntd rmult~ wmw gr~tifying h+rnuw thin in

lhr Prnt time that the wolution of n full two. wnvr

~tru, turc in a rrarting liquid han hrwrt nmMlmwl in
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Figure ?.
\lfV rmge nrticle velocity waveformn obtaind from

YF’pheny acety ●ne experiment with a shock input of 6.8
GPa.

a single-ohock input experiment. The input shock to

the phenylacetylene was m 6.8 GPa. Although care-

ful data analysis io not yet complete, the fist wave

appears to hnvc a preamre of N 4.8 CPa. The seeond

wave hM more than one SIOW, a Pcmsible indication of

a multiatep reaction. There is considerable pull back

in :he particle velwity waveforrna &hind the first

wave in this material dm.

Becau& phenylacetylene reacted at such a low

prex.mre, it anpems that the acetylene part of the

molede (the CIC knd ) is much more reartive than

the benzene ring (4.8 GPa comparrd to 13 GPa for

benzene). Although thin suppurtn sumc ideM which

we and othero have had pmtaining to th~ c~br-m.

rmtmn tripie and doubk honrh bing mor~ reartiw

in a shock th~ mingle bonds. much wrrk yetrcmtim

&fore these ideru U? well hmndwi.
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