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ELECTR: TATIZ SENSITIVUTY TESTING OF EXPLOSIVES AT LOS ALAMOS

Thomas E. Larson, P.

Dimas, and C. E. Yannaford

Los Alamos National l.aboratory, liniversity of California

Los Alamos,

New Mexico B7545

electrostatic stimelus. varying

An mlectrostatic sensitivity rest for determining the handling hazard:i‘
associated with both new and established explosives has been Jdeveloped at
Los Alamos and is now in routine use.
device similar to that described by Kusler and Hrown.l
in selacred capacirors of a capacitor bank is discharged through the sampl
of explosive. A unique system of confining the samples with lead foil T
allows one tc measure various deqrees of sample response to changes in rthe
the foll thickness provides information
about both the "sensitivern2ss” and the "“explosiveness® of the sample. ‘The
lead-foil-confinement technique eliminares the subjective description of
the response of a secondary rxplosive to a marqinal stimulus as 1s comnon
in many explosives tests on secondaries, Variables studied Iincluded:
particle size, sample weight, electrode material, series resistance,

temperature, voltage, sample vclume, and degree of confinement.

The apparatus is a moving electrode
The enerqy stored

INTRODUCTLON

In any orqanizdation engaged In redearch and
Jevelopment on exploslves, enerqeclic materials,
propellants, etc.., {t i3 necesasary to develop
small scale sensitivity tests to evaluate rtheir
hazards and establlsh sate handling conditions to
ensure personnel salfety. These small 4cale tests
do not necessarily provide exact scientitlc val
es but rather relative ones that depend upon the
tesring conditions employed. We must rely on
knowledgeable, experienced personnel to Interpret

cven the relative values in ny safety assessment.

It is lmporrant in any asrrsitivity test., espe
vially small scale, to avold tne temptation to
atrribute a greater sclentlz1 - content to the
results than iy redlly prese:r .,

Most ot these amall *=ats will not sicale 1o
either larqger circumstances or allaghtly ditferent
atimull, 4o their resulitqd must be used with cau
tion.  For example. the ERL drop welight firpact
machine doues not distinqulsh between X 404 and
PHX 9%01. Yor In a larqe scale akid test the PHX
1404 has a 50% drop helght of 1.9 m «“hile the
vialue tor POX 9501 {a 8 m. 1t requited an acet
dent In the UK to o' q about development ot the
nkid tear.

Kven the well “haracterized qap teat, which
determines shock renaltivities ol explosives, can
have faultx. It one tests explotives 2lih very
short  durat ton thocks, one obaerves ditteren eu
and detallas that  annmt he tound In o qap teat
rr-.-mll-\,z

Another problem wirh sensitlvity tests is
the demand for standardization. ‘itandardizarion
can result in many problems, accidents, blind
acceptance of numbers, and neqglect of -porrant
patamaters, cspeclally Lf one standardizes on
the "wronq®™ rest, The French ESD test indicares
clearly that we have neqlected some parameterss
In our testing.

To further complicate matters, secondary
rxplosives are more ditticult to rese for sensd
tivity characteristlics 1than are primary explo
qlveds, The primary explosives glve cledr cut
reqaponses to low level stimuld, (Yes, they
explade or Mo, they dJdon't.) WAith ciecondary
sxplosives the responde |5 propoctional to the
St oMb up 1o oa point where the reaction be
comes aelt sustatning.  For example, A one hits
4 small sample of PETN with a hammer, Lt joes
"hang®; it hit hacder, 1t qgoers "hang® louder.
Thus, {n the senairivity tnasting of secondary
explosiven one ia forced to make a declision s
to what level of rosponse s oatgnifleant,

HESCRIPTUON OF APPARATUSG AND TEST VARTAM.KG

The method yaed 1o dotermine the enaftivity
ol an explodive 1o gpark inltiation 14, tn qgen
rral, to cubfect tE tooa alngle discharge trom o
vondenaer that han been chardged 1o a high volt
Aaqe.  The onarqgy ol the discharge s varted, and
hy an op and down procedur s, the eaerqgy proely
Ing Intttation ot the Sawmple In YO8N of the
trfala '« et imated.  (Bruceton aethod) !
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A variable (0-15 kV) power supply is used to
charge the selected condensers in a condenser
bank.4 Any total value of capacitance trom 2 x
1079 to 3 uF may be obrainad by a swltching
arrangement that allows one to connect any of rthe
18 condensers in the bank in parallel. The
condenser output, in turn, is connected to a mov-
ing electrode devire, similar to that of BRrown,
Kusler, and Gibson.® 1t may be described as a
spring-lnaded phonograph needle chuck or perhaps
more simply as a slingle-stroke sewing machine.
The apparatus 1is cocked, and a metal phonograph
needle placed in the chuck. Wwhen the spring is
released, the needle moves downward 31.75 mn
(1-1/4 in.) and returns. The dJduration of this

stroke is approximately 0.04 s. [n all tests car-

ried out so far, the needle has been posltively
charged, and the spark produced passes throujh
the explosive sample to ground. By keeplng tne
needle positive, corona losses are avoided.

The spark enerqy is taken to be the enerqy
stored Ln the selected condensers, E : L/} cve,
where E is the spark enerqy, C the capacitance,
and V the applied voltage. Fifty rests were
performed In which the voltage on the conlensers
was measured immediately after spark discharqge.
The voltaye was found to be anywhere trom less
than 10 to 390 V. The condensers had originally
been charqged to 5000 V in the rests.  Theretore,
less than 0.0% ot the enerqgy remains atror lis
~harqe.

SAMPLE OLDERS AND_DEGREE OF REACTION

buring preliminacy experiments using this

apparatus, it hecame evident that it was very dif
ficult to Jdescribe the resulrs of subjecting sec
ondary explosives 1o low - enecqgy dibcharges In any
quantitative tashion. Therrtore, sipecial sample
holders were desiqned that would allow the repro
qucible Jderection of a4 limited amount ol reaction
In the sample.

wmech a sample holder is shown in #lqure 1. A
polyntyrene sleeve in cementad around a steel
dowel pin, lraving a space 4.76 mm diam x 6.V om
(1716 ta. dtam x /4 in.) high to contaln the sam
le. A vircular plece of lead ftoll 1s placed
over this opening to confine Lhe «wample.  The
polystyrene clamping ring, w@which holds the (ol
by the outer edges, is then clamped down over the
polystyrene sleeve.

In uning these sample holders, the needie
puncturey the tead {oll and a spare b dlachar jed
through the explosive sample. A "aa™ tpostt jve
event) in todicated by a ruptured Ioll, hile g
"No Go" i evidenced by a punciured, byt other
Wlse intact lotl, The deqres of reactlon can he
changed by changing the toll thicknesas becaase an
e increasen the contining lead 1oll thioknesq,
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Polystyrene Clamping
Ring

@ Confining Foil

Polystyrene Sleeve

Steel Dowel

FIGURE 1. EXPLODED VIEW CF SAMPLE HOLDER

It sheald rake a greater degres of reaction o
provide sufticlent pressure bulld up to rupture
the toll.

PETN was chosen as the matectal to study the
varfables tovolved tn this tegt o Fyquee 2 shue
the results of o number ol expet fment s with ey
vral types of PETN and several deqgrees ot con
tinemem |

These results suggest that two types of o
tions may he occurring:

A, In the low enerqgy 12qion, the amount o
res Llon appears tao be proportional to
the enregy.,

b A4 the enerqgy Vu focreaned beyond a et
tatn value, the amount ol reaction by ono
laonger  proport tonal to the  energy
becaune  a sl gustalning  ceaction

necuta. The presm e from this react bon
Yo nuttietemt tao ruptvre the thilobet
tolle teurad, In fact, many ol heee

teactions deatroy the plastic part t
the sarple holder . ampoe destraction e
tabulated  an pe cent explociens b
Expl.).
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FIGURE 2

It can almno be seen that Wwhile the [ine pPEiN
e only alightly meore sensitive to a spark In the
minimum reaction reqgion, it is very much more aen
witive Than the coarse PETN in the violent 1eqglon,

VART! 'LE SLAE EFFRCTY

In prelininary experiments, v oapprared 1 hat
the tinen \n 4 sampla gJoverned Lta aenstitivivy.
To study this atlfect of the particle lze of the
sample In qreatmr detall, one 1ot ol PETN was
sieved, and each fraction wan teqted. Tahle |
Ahows that, asy the particle slze dpcrranesy, 1he
sensltivity Inceesams, 10 s interesting 1o note
that tor the mintmum teaction reglon, the enst

tivity has only lncreased about 1.5 rimes, bur
for the more violent reactions, rhe sensitivity
rhis increased about ten fold as the particle
size was decreased.

Detonator qrade PETN having a larqge surface
area dappears to be slightly less sensitive rhan
fire crystalline PETN. A pos:lble explianattion
is that detonator material torms a kind of mat,
and the spark is forced to tuke a longer more
circuitous path throuygh the material that re
sults ln a lower enerqgy density In the spark.

TABLE 1. PETN: PARTICLE SILE FFFECTS

Sample 50%-Point Enerqy (joules)
__Parricle Size® 1-mil Poil 10-mil Foll % Expl.

on 35 0.162 4.00 0
1hrough 15 on 42 0.150 2.42 0
Through 42 on 60 0.165 1.83 0
Throuqgh 60 on 80 0.138 1.23 0
Through 80 on 115 0.135 1.00 15
Through 115 on 32% 0.098 0.408 33

%u.5. stadard Sleve terles
iested with steel phonograpt, needles

HERLES_RES1STANCE

uther investigators® have roported  that
Increasing the serles eeststance in the cireult
resulted in an incerease in o the sensicivity ot
the explosived,  Thelr studies were carried out
whilng only prirmaty axplosives,

A sected of tests was carcied out gatng the
tollewing explosives: PETN, KDX, HMX, I'entol
te, Tetryl, and TNT.  Resbstances of 001, 0,910,
1.0, 5.0, 10, 50, and 105 kw2 have Leen ased fndd
vidually in series wihih the spark gap. Each ot
the listed erxplosives was testad at ehergles of
1, o oand 10 00 PETN, the most senaitive xpln
sive, wad o alqo teseed at 2% 00 ALL iamples wers
continey with o Vb mil Pb foll.  In no case A1g
“Go” occur. When usling tesistances ot S1oaned
100 k2 (long RC times), an examination of the
VETN dampled after the spark didcharge, clearly
fndicated that the fLimples were tased and that
wome melting had taken place,

the H0% point suejies tor the above e
tfals with no wlde! peaistance vange bt oae 019
te %4 0, Than, secondarty explosives hehave
Apposite o primary explonfves o that addineg
tratalanees To the Afacharge cbe ult decre e
the secondar tes!' enadrivit e very markedly,
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SAMPLE WEIGHT

R sneries of experiments was performed with
samples of PETN that weighed 30, 40, 50, 60, 75,
100, and 110 mg. The samples were confined with
1- and 10-mil Pb folls. The sensitivity of the
minimum reaction samples decreased by a facror of
2, while the severe reaction samples' sensitivity
increased by a factor of -3.5. These results
were explained on the basis of twc competing
affects of increasing the sample weight; namely,
the decrease in free volume of the container, and
the qgreater inert!a of rhe material over the site
of the ignition. Tha first was presumed ro pre-
dominate with the thicker foil, the second wirh
the thin foll. This explanarion was at leasr par-
tially confirmed by fabricarlng special sample
holderas In which a free volume of 0.086 cmd was
maintalned above the bulk sample at rach sample
weight (lengthening the polystyrene sleeve), The
same sample welghts mentioned above were tesred
with rae modified samp!» holders. The variation
of the resul*s with sample weight were reduced
conaic¢eral,ly in ‘hese reatsa, indicating that our
explanations were confirmed, and that a constant
free volume in the load~d sample holder was
desirable., As a result of rhis sat of expert
menrs, we chose ro standardize »n conatant volume
sdmples.

STANDARDIZAT LON AND RESULTH

As a result of our studles, we cChone o er ot
conditions that were tsed as a4 toarine versioen ol
the spark sensitiviry rest. These conditions are
listed helow:

a)  Tests would be run wcang tuo Vitferent
foll rhicknesses, a thin {oll () alls)
and a thicker tots (' alls),  The dara
trom the rthin (oll cont.nemenr vonld be
used tor the evaluation ot harzards, vhile
tne rest uning the thicker tof' ontine
ment would provide {nformation abour the
severity ot the reaction.

h)  Brass pins would be used as the pper
vlectroede rarther than steml phonodgraph
nerdles.  Exper menta showed 'hat the var
fatfon in the <enaftivity ol PETM with
sample weight tn lesn when hrass pins are
usied an the upper electrode.,

S) Experiments with PETN have -hown thet jre
wpatk “ensitivity in very dependent upon
the p icle dlze of the nample.  [here
fore, 1 may be necesndary ta apecity par
ticle shze when comparing a cepies of
sxkplosives,  on the her hand, o rvalu
Aating o matecial (o hazards v el hie
teated "an recetved®, beewge 10 LG han
dled tn rthis toon,
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d) Samples are scooped to a constant volume
rarher than weighed. Resulrs in rhe
last section indicate that maintaining a
consrant free volume in the sample hold-
ar results in less dependence of rhe sen-
ajrivity upon the sample weight.

e) A voltage of 5,000 is stdandard. Energy
i5 rtaken as 1/2 cv2 and is changed by
varylng the capacitance. Limited stud-
ies Nn PETN showed that enerqy, not volt:
age, was the important quantity.

We have tested our "impact standard”™ explo
sives over rhe years in our routine version of
the test.,  Table 2 gives rtyplcal results.

TABLE 2. COMMON EXPLOSIVES

50N-Point_Enerqy (joules)

Material 3-mil Poil 10-mil ¥oil % Rxpl.
PETN (DuPont) 0.19 0.75
RDX (Impact std) 0.21 0.96
HMX (Impact Std) 0.23 1.42 23
Tetryl (Impart Std) 0.54 1.79 42
TNT (impact 5td) D.46 31.75 0
PYX 1.18 9.00
DATB (Lot 11426) 1.48 10.79 [}
TATB (X 198) 4.25 18.14 0

max. human static charge ~ 0.01% joulesl

Al Lok Alamon, we e many molding powder s
that e pressed into larqge pieces,  Electin
statie discharqges have been thought ro be Jess
ot hatard with consoltdared charges than with
podered axplosives, (This may no longer he
valid In view ot the past year's eapecience ith
propeliants.)  Therefore, we prefer o test an
explosive 1o the mosit sanstitive form in which ot
faohand b ed In the case of many molding powd
mtn, the aqgqlomarates or pellers are tao large
tn bt inte oar sample holders.  Theretore, we
deciAnd rta test these marerials in the torm o
hips and vunings Lrom machined chatgqges, '
ta actially a commonly ocenrring condition,
stnee there are sttt bacllitied Whera theee

watnelals are machined dey. ‘The material: wore
tosted apder our standard condittons, previounsly
ot ined. samples were scooped tooa conntant

valure, where ponaible, and yielded samples
velghing 27 W0 gl Otherwiage, 10 mg s e,
wore e b ghed and  Toaded, Thede  pesult, apre
dyeen an Table 0
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TABLE 3. MOLDING POWDERS
(MACHINED TURNINGS)

50%-Point Enecrqy (joules)

material J-mil Poil 10-mil Poil % Expl.
Pentolite 0.32 1.96 15
75/25 Cyclotol 0.l8 J.29 21
PBX 9404 0.42 3.11 9
PBX 9205 0.55 1.37 42
Comp A 0.03 4.18 0
PBX 9407 0.77 1.50 50
Pex 9010 0.79 1.53 54
octol 0.82 4.0] 17
PBX 9501 0.84 2.52 78
L.X-04 1.04 2.58 18
paX 9011 1.09 2.1 13

The materials are listed in order of Jdecreas
ing sensitivity as determined by the rupture ot a
1 mil Pb foil. This Is a minimum type ot redc
tion. Tt the 10 mil kb foll results were used.
an entirely ditferent order would result, with
the KDX based explosives being the most sensltive
Taterials.

WEATED :AMPLES

In some cases It s desirable ro rtenr waterd
aAls at temperdatures above room tenperatuie,  This
allows one to evaluate hazards that -ay exist
during the processing of these materials (Por
example, molding powders at thelr preheat tempera
tures).  In this varlation of the test, each sam
ple holder Is i{tted with a heat resarvoir, which
conslsts of a steel block 29.4 .em dlam x 19.1 mm
(1l in. Jdiam x 174 in.) high drilled vo receive
the dowel pin of the standacd sample holder. he
sample holder/hedt reservolr assembly in heated
to the desiced temperature tn an oven, then rapld
ly transterred 10 the tiring chanber and tenred.
1t was f{ound that when the sample holder/heat
tegarvolr Aassembly wad pemoved [rom an oven at
1607¢, the temperature dropped at g rate of
0,275 for the Clesl several minutes.  The aver
e tima from removal From rhe wen ta tieing iy
about 1% 8, In elevated rtemperature testing the
polyastyrena sample holders are replaced hy [dent
cal Teflon holders,

Tahles 4 and Y mhow the pesglts obtatned when
testing csieveral common military exploegives and
typleal DOE molding powders as a0 fame tion of
Inctaaning temperature, 11 can bhe seen that the
sensitivity Increased somewhat  anoa tanetion ot
temporature.  The major etiect appears 1o he the
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severity »>f the reaction wh:n confined wirh a
lo-mil Pb foil. The per cent exploslion in-
creases, and the degree of reacrion to shatrer a
Teflon holder is considerably qreater than rhat
raquired for destruction of one tabricated from
Folystyrene,

TRBLE 4. HEATED EXPLOSIVES

950%-Point Bnerqy (joules)

Temperature (°C) 3-mil foil 10-mil FPoll % Expl.

PETN (Trojan Barre! No. 1)

22 0.25 0.70 50
50 0.24 0.78 le
75 0.21 0.70 15°
100 0.18 0.60 a®
125 0.26 0.79 a®
RDX_(Wabash Ground)
22 0.27 1.88 8.1%
75 0.18 1.05 7.1%
125 0.18 0.93 .07
175 0.10 0.37 9z.0°
HMX (98-63)
22 0.26 1.12 T
75 0.26 1.03 u®
12% 0.i7 0.80 o®
175 0.12 0.52 2P
200 0.125 0.6 nq"

"l’nlyutyrene holders

Pretln holders

MATERITALG EXHIBITING ANOMALOUS HENAVIOR

Since testing was bheqgun at Lot Alamros, wn
have tound o number of materlals thar behaye
somewhat ddiltlerently than our usual erplobsives
and molding powders.  some ot these are e
in Table 6,

cedesal 10 Vs a doublie cestum nttrate qaly
ol decvaborans. T always expioded at the Loeaed
onntgied we could qupply trom our equipeenr,
The  wvalue ot 0.002% J Is -1/ ol the onergy
that can he byl lt o ap on a4 human. T facr, e
ot the matertal ottt by shtding out o of a0 haag
1t also hal oan tmpact sensttivity ot 4 70 v e
he dgh The materlal bhehaves 1o privary
explovilve In these fao tost g, It s b bewvia] v
e an brepredient of Hivelite, which han e
Jmplicarted Ta sevepal aco fdent s,
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TABLE 5. HEATED MOLDING POWDERS
50%-Point Enerqy (joules)
Temperature (°C; J-mil Foil 10-mil Foll % Fxpl.
Composition A
22 0.63 1.38 o®
50 0.42 1.75 o®
75 0.51 6.75 o®
125 0.58 5.25 o®
9404 (94/3/3 - HMX/NC/CEF)
22 0.42 1.13 0?
75 0.33 1.2% o®
125 0.30 2.50 o®
175 0.24 1.92 25°
LX-04_(85/15 - w/viton)
22 1.04 2.58 38
75 0.78 7.25 "
125 0.73 2.10 ax®
175 .65 2.15 n®
9407_(94/6_- RDX/Rxon)
12 0.77 1.50 s0?
75 0.53 1.14 o®
128 0.45 1.01 350
175 0.4 1.02 n"

“Polystyrene holders
bTef lon holders

The next three marerials are best classed as
pYrotechnlcs., One of rhelr chatdoteriat . es is
rthat once a teaction srarts, the entire sasple i«
consumed. Hoth the hear powder and TI/H lqgnitec
have qenaftivity vaiues sfmilar ro hunan sicctro

static enerqgles.

APCP, BTF, anu pentanifrodaniline all trans
form into very vigorous reactions with only a
4lighr increase of eparqgy.  Thin behavior |4 roae

rypical! of the behavior of a primary expiosive
and care should be exercl=ad with theae uate
riala. The larrter rwo materials, WTE and pepta

nitroaniline,
lar to that ol

have threshold senaiolvit ey
VETN.

simy
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TABLE 6. ANOMALOUS MATERIALS
50%-Point Enerqy (joules)
Material J-mil Foil 10-mil Foil % _Expl.
Cedesol 10 (dame value for 0.0025
0 and 1 mil)
Heat Powder 88/12 0.018 0.019 - .-
Ti/B 0.02 (same value
unconfinedq)
H/KNO., 0.2] 0.32
LPCP 0.31 (17% 0.40 100
Expl)
BTF (HNB) 0.14 0.19 B89.7
Pentanitroantiline 0.21 0.11 75
4-Nitro-1 picryl 0.24 0.23 100
1,2,3,14 rrlazole
KHND 0.51 0.43 67
K Plcrate 0.73 0.5%4 1un
KHND, potiassium picrate, and rhe triazole
are anomalous in rhat rhey require less energy

ro cause a reacrion under heavier confinement,
Th.-5e reactions are also much more sevars rhan
rhose with light confinement, as shown by the
cample hotder destruction. While none of rthree
raterials are unduly sensitive, »nne would pre
dict that in an aceident, propaqgation would
aceur that could dead to serious resuits,
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