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DECOMPOSITICON UF ENERGETIC MATERIALS ON THE DROP- WEIGHT- IMPACT MACHINE

Gregory R. Buntain, 1heodore L. McKinney, Thomas Rivera, Gene W. Taylor
Los Alamos National | ahoratory. Unis arsity of California

Los Alamos,

New Mexico 87545

The drop-weight- lmpact rast

using radioqraphy is dJdiscussed.
using time- resolved spectroscopy.

heavily relled upon for inirial
characterization of limited amounts of new energetic materials. The
mechanisms for reacrion of energetic marerials on the drop-weiqhr nachine
are .argely unknown. Partly as a consequence of this lack of undersrand-
ing, results obtained on the Jdrop-weiqht machine are often misleading and
inconsistent. We are investigaring decomposirion of explosives on the
drop-weight machine using radlomerric and specrroscopic methods. Initial
radiomatric resulrs reveal consistent,
impacted explosives  hat may correspond to time-resolved chemical
reactions. A method ro .Juantity rhe extent of an lmpact-induced reaction
lLimited results have al:io been obrained

sequential emissions for specific

INTRODUCTION

The Jdrop-welight- impacrt rest i1s one ot *he
corneratones of oxplosive sensitivity !esting.
Desplte widespread usaqe, howtver, numerous
problems detract ftrom the relliability ot the
test. These problems have inspired work oc¢ this
Laboratnry directed towards better understanding
the principles of the drop weight {mpact ‘*msr a5
well as the decomposition chemistry ot i=pacted
rxplosives., Work in this vein is being conducted
by radiometric and spectroscoplc rxamination of
{mpacrted enecrqgetic materialse.

The drop welight impact test ix or. of the
amtaods most retied upon for intttal characteriza
tion ot high explosives (HE) sensitivity, This
does not breapeak ot superior resul!s provided by
the lmpaci test, but rather a !lack ol herrer
resulrs ohrained by other methods vith linmired
amounts of materials and a limited investment ot
time and elfor:. Other preliminary aennitivivy
teqts jnclude the minlmum priming, tricrion,
spark, awd small and larqge scale qap LA
Subsequen iarqge acale tests inc,ude the ynan,
aplgot, skid, bullet, high spead machining, and
hravily ~onfined heating teats.?  Wnile a1l o
theae teats provide valvable information (egard
fng explosive =<rpaitivity, all require tag
qreater amounts of material and etfort than Joes
the Impact test. Hecauar ol th= piyntal raje the
drop welqght impact test play: in explosive onsi
tivity teating, one miqht expect the et 1) he
well charactevized and delined, nlovttunately,
this in not the case.  For a qlven aet of ruplo
dives, the ranh.ng ot aernaftivity predicred by
the impact test §a often ditfer nt from that
predicted hy other  trats! tnderd,  ryen

correlation between different drop weliyht impact
machines seems to be the excep.ion rarher rthan
the rule. For example, Flqure | 11515 Hyy,
values (that helqht trom which a talling welghe
vAuses explosive reaction 50% ot rhe time) tor
some  common  explosives tested ar  Lawrenoe
l.ivermore Yarional Laboratory (LLNL) and
l.os Alamos Nationai Laboretory (LANL).  The e
ut g h kg weight oat LENL compared to 2 /2.0 ky
weighr used at LANL should dicrate 1rop helqghr
tatios ot approximately l:2. obviously, this is
net the case.  The Hritish lrpact sensitiviry
tedt, or Rotrer Test, gluvey ymt 4 different e
ot results.d Problems ot teproduc ibility e
Lurther ayqgravaraed hy a lack ot protoeol tog
sample  prepatation at ditlerent  Laborar vaes
Particie aize, percent volds, sample handlang,
rte. are all variables that protoundly attedo?
rxplosive srnsitivity yet are nor addesscaend chen

reporting Hyy *alues.  This deqres ot e
tatnty In a test as cruclal an the Jdoap weiqgh
tapact test s disturbing.  Thus, etlortn have

Yeen wade in thia Laboratory and ot hees
toy hetter understand the chemiatpy oocurting n
the Impact mu hine, While nome progoeess b
heen tade, the problem bs Tar trom resolved,

CHVRENT RESEARCH

Fifopta ab los Alamow have contetod
btz Liant emisston Loom Ampacted onegqer.
materiala inoan alttempe to better under - tad e
Aercoampontition chemiatry  corarring o the
Jrop welght fapact sachine.  These oftoa? o an
be  divided fnte twn partas time Lol
tadlommt y and tine resolvel embecbon e e
[ I\lly
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LLNL LANL
(5.0 k) (43 kgd Ratig

FEFO 28 60 2.1
TNT 80 148 1.9
PETN 11 14 1.3
Barx2ol 95 110 1.2
PBX 9501 44 48 1.1
RDX 28 28 1.0
HMX 33 )2 097
Octol a1 )8 091
DIPAM 9s 85 0.89

FIGURE 1. COMPARISON OF Hyp VALUES (CM) PUHLISHED
AT LANI. AND 1.INL.

RADIOMETRY

Equipment. In the course of radiomerric work
conducted with the drop weight impact machine,
the relationship between drop helght and tempu
rally resolved light emisslon was examined. The
experimental apparatus for this srudy (Figure 2)
consists of a moditled drop  welght machine with a
cpecially designed anvil (Fiqure 1) 1o allow
light rransmission via ¢ fliber optic bundie to an
RCA HH4Y0 photomultiplier fube (PMT). The PMT
stgnal  Is amplified by an ortec 240l 1ase
pre amplitier and an ortec 9902 amplitier/diserim
inator. The amplitied analog signal s stored
and processed on 4 Nicolet 4962 oscilloscope.
Signal plorting is accomplished with an Apple
Macintosh computer, while integration s Jdone
with a Hewlett Packard VI9OA recorder/inteqrator .

In o typlear experiment, 10 mq samples ol
explosive powder are placed on the rapphire
window of the anvil. The welgqht bn fropped trom
varying hetghts end the resulting [ight slgnal
tecorded on the oscilloscope.  The duration ol
1Hght emianion du typloally bhetween 70 and 1)
mlcroseconds,  Reprenentative stgqna! traces are
shown In Flqure 4,

Pl T o G

Tube

() T s W prmons)|

onal | mnpyler

FLGURE EXPER TMENTAL APPARATU. O RADTOMETRY
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FIGURE 3. MODIFIED EXPERIMENTALI ANVIL,.

Results. In the case ol tull "goes®™,
consisrentally shaped light rrace was obtained
for ecach explosive exarmined 1o darte.  The (act
that llight emissions trom ditterent explosives
show characteristic and consistent  features
fmaplics  that  unique, sequential  chemical
reactlons dre occurring end are being resolved
temporally. Using tilters, this light can bhe
hroken down into ultraviolat (UV), visible (V1Y5)
and Intrared (1R) components. UV light oceurs
early and 15 of short duration, while visible
and I components  are bresent chroughout  the
emission.  vcastonally, dupllcate, yer vi-tu
ally ddentical toaces are obtalned, iIndicating
perhaps that two sepatale hot spots ate forming
displaced In time and  propdagat ing  indepen
denrly.  The consistency in emission charactegin
ivs talts when samples are only partially
contitied and eosentially no Tight 3s generated
by "no goes”

Fatly radiometry pesults indicated  the
quant ity ob  Tight produced D0 o fepacted
explosive varied an o tunction o bmpact
helqght Thus, total emasion eens to be o
mnteinste fndiearor of the extent of chemtoal
decompastitton. A et of sxplosives extonnively
tned gt Lo Alamers wan sab jected to fmpact b
b kg o welght on oa modihbed drop welbght dmpact
machine nd the potal ategqeated Tight embcdon
oo, Aoplor of  avepaged total Tighe
emiscilon ot PETN. i arbibteary anlts, versan
Jrop hedght b shown bn Flgure o A Teast five
drops were qade at cach helqht,
catalned atong Wi n "qoes®
hee bt In theae cates o valdue ol epo Tight
et bon wan averaged bnto the emisaoion obtaloemd
- Appatent iy, Jdrep hetghee Al
sme threchold valdue provide ot bo et ener gy
tor propagat Yonooal the decompos it bon ceae t o

“Nowgqoest o wern

at the Jowesl drog.

frowm S,

arel e s hatwe bertsed by a0 meae o e,
cornc b atent amouant ol emlagbon, AL dower oy
hedaghts, o break oveurs where bt perecabie e by
the explosdve heging to drop bl cap By v:h
e reas bl hrap hielghte Thi-c o preat by
il b art fve d Yeeeenl Y et fmpart enepgy  to
Juat it ee prepagat b b the e o b 0o
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FIGURE 4. TIME RESOLVED EMI G TON FRCM I¥PACTED
EXPLOSTIVE!S .

teaction fo the pofnt ot sample . opsanption.,
Eventually a point s reached where no saapie
teaction ocoumrs and no Jight o siqnal s ohratned
within the number ot experimental  trialy
performed,  sStatistically. It the numbher ot deops
fron very Llow helyghts were increased, a teaction
with accompanying light would eventually be
ohtainad, but expecimental practicalbity Limirs the
number ot Jdrops that are reasonable,

Thesa resulis ate contlatent with high speesd
photoyraphy work done by J. F. Fleld here 10 4s
poanible to aee hot apots torm and dle out in
Impavted secondary nnpluﬂlvnq.“ A Loe drop
hetghts, hot apots gquickly die  ut,  thun
decrmaning the amount of Light - iqgnal detes ted

concluston. 4e believe that T1ght eriasion
from enerdgetic matertala mighe ot ler an alterna
tive aethod tor quantilyling ~ample decomposit fon
o the drop welqght machine,  W“hile this methigd g
probably not pract o ally sulted o pepine Ihe
erlectionic ear o used, L does ol ter Cappienen
tal i1otormation reqarding exploatve behayior  n
the drop welight machine and Jdoea ot 0 tee o
Aaome of the limftat fons tmponed by tve qrpent
met o For example, thia aethod 000 e L

less sensitive to operaror and equipment-related
inconsistencies associated with rhe elecrronic
ear. In the radiometric method, long-term
equipmenr flucrtuations such as a loss of sensi-
tivity in the PMT, would be characrerized by
shifrts of the inteqrared light curve up and :lown
wirhout daffecting the point where rhe curve
hreaks. Long-term fluctuations in rhe sensitiv-
ity of the electronic ear currenrly in use can
allow misleading Hgy values to be published.
Furthermore, impact characterization of propel
lants, whlch occaslonally do not "pop™ on the
Impact machine becuause of their slow rate of
reacricn, might bhe improved. Before conclusions
can be drawn regarding the pracricality of this
method of characterization: however, more -aork
must be Jone to assure test predicrions are in
agreement ‘with historical knowledge rerqgarding
sensitivities of common energetic materials.,

[ 7] —
50 4
an 4

10 o . a

TOTAL AVERAGE LIGHT

(arbllzary uniig)
3

-] —

'o 20 J‘O 40
DROP HEIGHT (CM)

IF1GURE S0 PLOT OF DROP HETGHT V5. AVERAGE O
TOTAL INTEGRATED LIGHT FROM TMPACTED
PEIN .

SPECTROGCDIY

In wdition to esxamining tadiomsetry from
tmpacted  eoxplosives,  attempts vere rade 1
Tdent ity the molecylar specias tesponaible o
rmingion, rrevioun work o Thin area fovisjved
examination of IR emission, but tew questions
were  resolved The mechaniam whereby an
tmpac ted sxplosive qoes from reactant 1o pro
due s I largely unknown.,  The 1ight eminied
Juring rhat proress ofters one b the ey
practical meann ol exploring thia chemical
Aot tnalry, Radiomerry work hazn  coggogensted
that  emisiiont from equential o hemtbo g
teactbons acooureing i tng exploscive fepact
be temporally resolved. This sieggent o Yhat omg
Slen cpectey ohtalned at dtliterent s ey
tupaac o mbaght permit Bdent i learbon o undbpe
s hemtal e e aesectated Wit N tere
Shares of [AERERT J STELS W FATAT R time e ue!
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chemical emissions can be {dentified, some
mechanistic insight regarding impact induced
Jecomposition might be obtained.

Equipment. The experimental apparatus ‘ised in
thils srudy is described in Figqure 6. A hitur-
cared, tused-silica tiber-optic bundle 15 used ro
ronnect the drop-hammer apparatus wWith a 0.25 m
Jarrel Ash spectrometer and a PMT. The PMT ampla
fier/discriminatcr <ection. already described, is
used rto provide a rrigqer for a Tracor Nortrhern
TNAS00 optical multichannel analyzer .UMA) and
TNA143 vidicon-array detector. Hy wurilizing a
TH6140-1 pulse amplifier/driver, it i1s possible ro
gate the detector on and off to ~brain spectra
down to 150 nanoseconds pulse widrh. By virying
the delay between tirst emission and Fast spectrum
asquisition, ir {s possible r> .btain
tlne-resolved emission spectra.

0vSm Uptical Mulh
Spactromele Channel Analyier
—
| Orop Hammerg-E- )
Trgqer
Phalo- Amphilier
[ Muinpiier Discnieinarod
Tube

(Jscitioyrnpe

FIGURE 6.  FXPEKIMENTAL APPARATUS ol PROTROGCOPY

A large varlety ot rxplosliven was rxamined on
the Jdrop hamaer, including (MX, RDX, rATH, N0,
TOT, telryl, IINS, 4 nitvo | pleryl 1,2, ) 1riazole,
sultur niteide, and PETN.  1ens sensitive explo
siven that would not react on the experimental
drop hamner under normal conditions were fnltiatred
uking a slapper aceessory in conjunction with the
moditted anvil already desceibed,  This slapper
aceessory contistag of 4 hardened steel atece that
Atlaches to the anvil and locates 4 2 mm holr
directly ovear *he sapphire window., A tlyer (tom o
Kapion ‘thmet placed over the hole 10 A1 iven into
the explontive under fnveastigation by the prieagy
rxplonive sulfur nititde thar 4 peating o otap o
the Kapton and inttfated by fmpact . Wareel depgth
{4 approximately b mm.

Looalty, Attempls to ablain emlaa o et
From opacte] exaplosives have eed wlrh Thetesd
vrens, The 1ight  ontained from gl he
rxploaives =ramined 9 largely black hody in
nature with a few 2iras of rexcepr Lon,

Moat of the explotives invest fgated axhiihin
A trong embsnton tn Yhe vicindty b ataA

(Fiqure 7. Sodium emisslon has been idenritied
frequently by other workers examining lighr from
deronating explosives, and r~onsequently, :his
teature was initlally atrributad fo rhe :rroag
sodium lines occurring at 5890A and 489k4 .89
Furthe: experimenration, however, indicarad
sodium an unlikely source for rhis emlssion
frarure.

- . ETed S EEe
i

| R

T

N O TR YN W e ¥ e
Tyytrom

FIGURE /. EMISSTON WROM [TMPACTED P'ETN.

e tra obrajned trom a sodium source steow
e, e cnolved donbler wlrh o naximum o coned
tent by at Sa90+ AL The emission Ltom impae ted
rxplosives damples maximlzed berween SHI0R and
SR although YRYY9R wan typleal. The hape and
intensity b this peak praved o he v Lanet son
ol time arte: fmpacr, For  example,  impecbedd
PETN samples 1okt exhibdit the SR99R band 40
mfcposeconds ater Piesr 1ighr,  with s e
intenylty accurring atter 70 microseconds. Al
the ampled exhitbiting a YSHI9R emission dtd o
at Pate vtme rtelative 1o flest 1ight,  When 1he
samples were shapper inttiatsd, wowever, prompe
it fation eradfcated time dependence b the
SHOR enliston,

mly cwmrhon contatning explostves how
rntoslon at SANMAL alvhough not every arhon
Sontaintng explonive emita In rthia reqlon ot
cxample, 4 nitro U pteryl 1,000 0 lazole) . Pl
non carbon comtalning explostve, calfar o g by
Aaes ol cmbr A this reglon even shen e
N o tum elba, Figthermore, an’ forate vyeig )
S sttong oxtdizeen uch oAt KMo, oy AT

AL LY hrant boally reduce o el baipare e
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peik in question. NTO emirs srtrongly ar 58394,
yet the sodium and potassium salts »f NTO show no
emission above black body in this area.

Thus the source of emissicn in rhe 53994
region Lln impacted explosives i3 probably not
sodium. Positive identificatrion of the ==ission
sourre is impossible. The peak pesiticn ices
correspond closely wirh a high pressure 3" 1h,8)
emission arctributed to carbon radical recombina
rion, a.q., [c(3p) + c(Im y Ca% tdleg)). 0E
rhe emission source were Cp*, rhis would help
explain the effect of strong oxidizers on the peak
intensiry. Orher invesrigators have 1dentified
C2* emission from detonating »xplosives, bur have
identified numerous peaks in a band system rather
than a single erission.?:10  why, in rhis
instance, only rhe C3* (6,8 emission would occur
is not known, bur others hdve ohbserved fthis
phenomenon. 11

No other molecular emissions were -onsistentiy
ldentitled. Nitramines occasionally showad a
strong OH hand ar 13064A, but no patrern t.r appear
ance was dlscerned. TNT exhibired a shoulder it
43158 above black body radiatinn A srrong
system beqgins at 4315k, bur no other peaks in tte
system were observed, 'hus Jdetini'ive 154inment
is impossible.

Emission tor all the explosives =xarined
consists of UV, VIS and IR componeats. Vo lighr
i{s of short dvration, occurring ecariy. nlie VIY
ard IR compon ats pecs st throughoat theo o amas
sien. In PETN, for example, "IV 1ijyht |s
letactable tor the tigst 30 microsesondgs o
emission, while VIS and IR 1Lght linger 'he entire
A nicroseconds of emission.

Limited results using powdersd and pellerized
explosive qamples prompted utage ot very rthin,
optically trransparent explonive sampies,  Untorru
nately, tnls did not alter rtne  wxper iment al
reqults In any positive wJay. Ir was voncluded,
theretfore, thar dJdetinirive tdenviticarion ot
Jdiscrete molecular  emissions  trom  impacted
rxploaives was not pracrically teasibln.

CONULUSTON

A thorough understanding of 1he  hemisrry
vecurring  on the  drop welght Impacr  machine
temainy ealusaive.  Results from this woerk dmply
reproducible daequentlar chemical reactions anbgue
ty a qiven explosive are probably intrtjarted by
impact., Furthermore. the amount ot light emited
by an impacted explovive may be aned anoan
tntrinale indicator for saxtent of Prpact fnduced
teact fon, Tdentlbicat ton ot apectittc molecilar
apecien along  the reaction Pt heway Lo
impact Induced explosive decompasition has ool
proven  posaible by thin rerhod, I'ur ther
mechaniat te woak  In thisn awea b oeptainly

warranted. At  rhis

Laboratory, resear:h

examining emlission from explosives subjected ro

iaser

induced decomposition 13 underway in

conjunction wirh other projects.
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