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ELECTRy TATIZ SENSITIVITY TESTING OF EXPLOSIVE! AT LOS ALAMON

Thomas E. Larson, P.

bimas., and C. E. Hannaford

lLos Alamos National i.aboratory. tiniversity of California

Los Alamos,

New Mexico B7545

electrostatic stimlus. varying

An electrostatic sensitivity rest for determining the handling hdzard§
associated with both new aid established explosives has been ileveloped at
Los Alamos and is now ln routine use.
device simiiar to that described by Kusler and Hrown.l
in selacted capacitors of a rapacitor hank is discharged through the sampl
of explosive. A unique sysrem of confining the samples with lead foil T
allows one tc measure varlous deqrees of sample response to changes In the
the foll thickness provides information
about both the "sensitivern2ss® and the "explosiveness® of the sample. 'The
lead-foil-conf inement technique eiiminares the subjective descriptlion of
the response of a seconaary »xploslve to A marginal stimulus as ls comnon
in many explosives tesrs on secondaries, Vvariables studied Included:
particle size, sample welght, electrode materlal, series resistance,
temperature, voltage. sample vclume, and degree of confinement.

The apparatus is a moving electrode
The enerqgy stored

INTRODUCTION

tn any orsjanization engaged in research and
Jdevelopmert »n exploslves, enerqgetic materials,
propellants, etc.. 1t is necessary fto develnp
smalli scale sensitivity tests to evaluate rtheir
hazards and estg4bllish sate handling vonditions to
ensure personnel saltety. These small scale tests
Mo not necessarily provide emact scienritlc val
tes hut rather reiative anes that Jdepend upon the
trsting condcltions employed. We must rely
knwledgeable, experienced perscnnel to interprel

rven the relatlive values In .hy satety assessment.

tt is important in any arr-3l:ivity rest, rxpe
vlally small scale, to avold tae rempration iy
atrribute a sreater sclentl: 1 content 1o the
veauity than 1n redlly preses ',

Most ol these small *exrs Will nor cicale 1o
eirher larger circumstances or slliqghtly Jditferent
arimuli, w0 their resultd must be used with vau
tlen.  Mor example. the ERL drop welght bepenct
mactilne does ot distinquish betwern 'RX 144 andd
X 9501, Yar In a larqe scale skhir test e VX
1404 has a H0% drop helght of 1.9 ot ~Mille Ve
vialne tor PRX 9501 i« 8 m. 11 requltesd an accel
dent In the UK tn ar' g ahotn development ot D he
nkhil tesr.

Kven lhe well “haraterized sap tear, Whileh
derermines shock ~ensitivities ol expliitves, —an
lave faulls. It onte testy exploalves <ith very
shorl adurat ton Aluncks, one ohserves ditterra en
Al adetalla that  anunt Le toaunt to o pap e
resilia, 2

Another problem With sensitlvity rests is
the demand for standardization. ‘itandardizarion
can result in many prablems, accidents, hihwt
accrptance ol numbers, und neqlect of P=porraut
patameters, ospecially Uf one standaniizes o
the "~ronq® test, The French KD test bmilcates
clearly that we have nejylented ome paramit et
in vur tesring.

T turther compiicare marters, ecomlary
nxplaslves are more dittienll ra resr for ol
tivity vbharacteristics than are primary explo
nlves., The primary expinsives glve cliedr vl
teapensies o low level  sohmgld, (Yos, they
explonte nr tlo, they dan'ty .| Wirh  cimconedary
oxplivilves the responqe s proport bntal ta the
tomilas o ap oo palnt wWhieroe the reaclion he
coames et sustatinhug. For o example, 11 anee nite
a4 small ociample o0 VETN wWith a hammer. {r goes
"hang®; It it harder, 1L oers "haw)® Lieuier.
Thirs, 1 the sensitivity tasuting of econday
explasiven cpe 1a Toreml va make a4 decinlon s
vy wWhal tevel of reciponeie o byt t heant

HESCRIDPTEIN OF APPARRTUED AN VESFD VAR TARLED

The metiual nael b determiae rhe cepaftivity
al an exploctive ta apark tadrlattion 14, o gen
mpal, v b ler bt 1Y tew albele adbmeharge T
vandenner that s hestn charget toooa by vefd
aqe. The oneray of the discharge is varbed, el
Liy abn op il ot proecehie s, e eaepiy ool
o) bl bat ot of the aple 1o 90N o e
Prtala =0 et imated.  (pneston st el !
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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 obtained by a switching
arrangement that allows one to connect any ot the
18 condensers in the bank in paraliel. The
condenser output, in turn, is connected to a mov-
ing electrode device, similar to that of Rrown,
Kusler, and Gibson.® Tt may be described as a
spring-lnaded phonograph needle chuck wr perhaps
more simply as a single-stroke sewing machine,
The apparatus is cocked, and a metal phonograph
needle placed in the chuck. Wwhen the spring is
released., the needle moves downward 3i.75 mn
(1-1/4 1ln,) and returns. The dJduration of this
stroke is approximately 0.04 s.
ried out so far, the needle has been poslitively
charged. and the spark produced passes throujh
the explosive sample to ground. By keeping tne
needle positive, corona losses are avoided.

The spark energy 1ls taken to be the enerqy
stored in the selected condensers, E : 1/ cv<,
where E is the spark energy. ¢ the capacitance,
and V the applied voltage. Fifty rests were
performed in whlich the voltage on the comlensers
was mea=ured lmmediately after spark dlscharge.
The voltaye was found to be anywhere trom less
than 10 to 390 V. The condenser:i had ariginaliy
been charqged to 5000 V in the re:its. Therelore,
less than 0.o0% of the enerqgy remains afrirp i
rharqe.

HAMPLE [IOLLER! AND NEGREE OF REACTION

burimy preliminary experiments st this

apparatus, 1t hecame evident that 1t was very dif
I'ivult to Jdescribe the resgults of subjecting kec
melary explotives 1o law - enecgy ditivharges In any
antitative Yashlon. Theretore, speclal sample
hoiders werr desiqned that would allow the repro
Mcible detection of a lmited amount 1t reaction
in the sample.

‘mich a sample holder 15 shown in Flygoure (0 A
polyntyrene slaeve in cementead around o citeed
Mowel pin, Laving o space 4.76 mm dian x 6. 1N em
(1716 1a. diam x 174 in.) high to »=atalnn the am
e, A circutar plece of {ead ol 18 placed
uwver this apenting rto contine Lthe sample. The
polystyrene clamping virmg, Which hinbds the 1atl
by the vuter ediges, In then clamped downt over the
prlyslyrene vleeve.

In uning These sample nabberd, v peedle
ponclures the tead 1ot and o apare b dbochon pol
thrompgh the explosive nample. A 50" Gueiltive
rventt) 14a findleated Dy a ruplured Totd, vkl g
"No 0" is eviilemed by a panctinnmt, Lt o het
Wiae fntart loll, The desjree ol remct oo - an he
chuteged by cluttnging the Toll vhlckneas te iete an
ot reases the ol inimg Tewl Tall thi kies,

[n all tests car-

Paper Number !6

Polystyrens Clamping
Ring

Confining Foul

Polystyrene Sleeve

Stee! Dowel

VIGRE 1. ¥XPLODED VIEW LF SAMPLE 10UDER

e i) rake a grrater Aegree ot roaction to
provide safticlent proessince buttd wp to raptues
the foill.

PETN wWds chiosen a8 the aatur fal to citwely e
var ik bes favolvist e thies test o vicpe 0 sleegn
the reciates of o number o vxper bnent s with oy
vral typey of PETN aad several e aloecen
Finemmn .

Thesier vesndte soppgerst Yhar twn types ol aon
Llons may e accarring:

d. I the tow ey togion, the amonny ol
te ctioan appears to he proporl hmal e
Lhe averrayy.,

e An the vy 10 fncveaned heyorrd g e
tal value, the amonnt of react lon 19 o
botiger et lomtal ta thie eiergy
hevaune o el tomlalnte] trwmet fon
s, The prestmne Drom s ve thon
P ot b tent to rapture the thle bl
Tobl vesred, I oy, meany ol
teart o dentpoay the planl e o |
the saeplo habder . sampa e adeatren tien b
Palothatat e Qe o
Vxplol.

R ITLINE

nx|||.|-.||-n'. [N N
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FIGURE 2

It can alnag he seen that while the | lne peiN
I only silghtiy wore sensilive v oa sipark tn the
ntitimum rear Plon reglon, 11 1s very mich mare sen
Al ive than the coarse CETN In the viadent tegion,

VARTI CLE 128 EEFRTYS

i prellninary oxper fments, beoappeoaced tha
the Ilnen i 4 aample pwveined lis senstvlvivy.
To stikly thils stlect of 1he part hivle alze 0] the
sAample In greatml detall, one ol ol MCIN waw
sleverl, and et Tract o wan toatel,. Vabije |
dliows that, as the partlole size dectrgaes, the
et ivity hirredaes. LD 18 fntereat by ta te
that Iar the minimam cea tbon seglan, the aped

tivity has only increased about 1.5 rtimes, bhut
tor the more violent reactions, rhe =sensirivity
hi5 increased about ten fold as rhe parricle
size was decreased.

Detonator qrade PETN having a larqge surface
area appears to be slightly lvss sensitive rthan
fite crystalline PETN. A pos:ilble expianation
is that detonator material forma a kind of mat.
and the spark is forced to take a longer more
circuitous path through the material that re
sults in a fower energy density in the spark.

TABLE 1. PETN: PARTICLE SIZE EFFECTS

Sample 50%-Point Enerqy (joules)

__Parricle Size® 1-mil Foil 10-mil Foll \ Kxpl.

on 35 0.162 4.00 0
1hrough 35 on 42 0.150 2.42 0
Through 42 on 60 0.165 1.83 ¢
Through 60 on 80 0.138 1.23 0
Through 80 on 115 0.135 1.00 1%
Through 115 on J2% 0.098 0.408 R
a

U.5. Standard Sleve Secries
tested with steel phonograpt needles

HERLENRE

TANYH

other  tuavest bgators®  lave  ropmrted Tt
Incraiing vhe sertes restbbatanes in the ecinemlt
rosnbbnl inoan fbmerease I vt soennltivicy ot
the explosivey,  Thely atndies wore carrted oo
ws g only primmy explosiveg,

A certer of veses wan o carvied ot e the
tolthwing expliglves:  PETN, RIX, 1IMX, I'entol
v, Tetryd, ol CTNTL O Resibritanees af 0], (o hyy,
Lo, o, i, S0, and 1 R have been apond ol
vihially in setles @lth the spark qap, ¥ach o
e Hisle) explosivets was tesgied at snerghes ol
Voo 100 PETN, the most o seasitive oxplne
sive, Wan alan tesied oar 2% L) AL ciamplen e
vt et withe 0 bl P Inbbs I b cane by
"Ho" e dWhen sty resistaeen ol S el
MY kY (o REO L ines), At examinal bng o the
PETN wanples after the spark sdtacharge, chvarly
Listleatml that the aampies wepe funesl el Lha
aame meltimg el Laken place,

the "% polnt enetsgdet o the almve ware
elala Wittt ahiled peal«<stame oo Ly oo 10
Lo A Thimy, smoaandary expintives hehave
Sppeesiv e Lo g imary explonives b that bl
pealbatatenn o the oot e oo bt e gy e
the socoapdar len' e iviy e vy maykmilty,
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GAMPLE WEIGHT

AR series 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 fpils, The sensitivity of the
minimum reaction samples decreased by a factor of
2, while the severe reaction samples' sensitivity
increased by a factor of -3.5. These results
were explalned on the basis of twc competing
effmcts of increasing the sample weight; namely.
the decrease in free volume of the contalner, and
the greater inertta of the marerial over the site
of the ionition. The first was presumed to pre-
dominate with the thicker foil, the second with
the thin foil. This explanation was at least par-
tially confirmed by ftabrlcatlng special sample
holders in which a free volume of 17.936 cmd was
maintained above the bulk sample at rach sample
weight (lengthening the polystyrene sleevel, The
same sample weights mentioned above were tested
with rne modified sampls holders. The variation
of the results with sample welyht ere reduced
consiceralily {in 'hese reats, indicating rhat wur
explanatinons were conflrmed, and rhat a censtant
free volume in the load~d sample hoider was
desirable, As a result of this set ol experd
ment s, we chose to standardize o constant voinme
samp les.

STANDARDIZATION AND RESULIM

Ax a tesuit of our stadles, we choaue o der ool
sondlrions that were nsed as A pap e varsten on
the spark hensitivity resh. These candrtiong ate
Iinred helow:

al  Tests coild he ran st a0 dillenar
frll rhicknesses, a4 thin taoll (1 atial
aml a thtileker tolr ('O atist, The dary
trom the thin 1oll cont .aement vnihit be
nsed tor the evaluatlion ot hazanls, hite
tne fest uhing the thicker 1ol' ant ine
ment would provide informarion alenst the
Aeverlity ot the reaction,

) lirans pinsg wonld e aseit ag the apper
viecrnisie rathier than citesl ptiomogr aph
neelles. Expor menta showed 'hat the vay
larion In the sensiiivity o PETM with
nvnpie Wefght Lo fegn whiietr Yass pins ae
wied as the upper electriixie,

S) Experiments with CETN have e they fre,
apark vensirivity Is very  depeoient gpeon
tha p clcle tlze ol the nample.  There
tore, v omay he necesagry to pectly par
tlcle sihze when compar g a4 e les
vxplostives, o the athor Wl Lo evalee
Attt w matestal o vazands v ot hie
trated "an tevelved® . biecape 10 VG Wan
it o thia foam.

d) Hamples are scooped to a constant voiume
rather than weighed, Resulrs in the
lasrt section indicate that mainralning a
constant free volume in the sample holi-
er results in less dependence of the =en-
sitivity upon the sample weight.

e) A voltage of 5.000 is standard. Knerjy
is raken as 1/2 <v2 and is changed bty
varylng the capacltance. l.imlted stud-
ies on PETN showed that ~nerqy, not volt:
age, was the Important quantity.

We have tested our "Impact standard”™ explo
slves over the years In our routine version of
rhe test.  Table 2 qives typical results.

''ABLE 2. COMMON EXPLOSIVE!

50%-Point Enerqy {joules)

Material J-mil PFoil 10-mil Foil % _Rxpl.
PETN (DuPont) 0.19 0.75
RDX (Impact 5td) 0.21 0.96
hMx (Impact Std) 0.23 1.42 23
Tetryl (impart Srd) 0.54 1.79 42
TNT (1lmpact std) 0.46 31.75 0
PYX i.18 9.00
DATB (lot 11426) 1.48 10.79
TATB (X 198) 4.25 18.14 0

max. human static charye = 0.015 joules‘

Al Lo Ataman, wWwe i nany omobsiine ponale s
vhat e precviend intn barge pleces, Electa
stat e diachareges have heen thimgght ta he e
af a4 hacant with consolbdated charges thap wih
prefe el axplntilves, (this may ba famger te
valtd Dt view bt past o gear's eaperioncy ol
propeilonts.y Thervlore, we prefer to test an
exploanive e the most cineitrfve fomn inwhich 1t
o hamtiedd, In the acatsie o many molding powld
era, the upphioaerates o peiiors are too Lacge
tn 11t Ipte oar o sample tohilers.  Therelore, we
decbhinl ro tasr these materials o the tarm ol
Ripei ned veentreps Tyom naechinest charges, th's
Ca bl ly o coemanly  seceant L o comilt o,
Stpew ety are Stitlb Lacitities whern theese
wadertalhs e omachinet ddry. CThe materials e
Vet et aonne citalan comtirlong, previoeeily
ol haed samplen cwets sconpend Yoo g copst il
vobipre . wherry etathle, aand yliebted  coampbes
PTN ETT IR TIT A L LI Y I IR TTEIR™2 TN ooy g e,
woew e lghed amt tomdel, Thene pesule, ae

iy oan Tabje U
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TABLE 3. MOLDING POWDERS
(MACHLINED TURNINGS)

50%-Point Enerqgy (joules)

material J-mll Foil 10-mil Poil % Expl.
Pentolite 0.12 1.96 15
75/25 Cyclotol 0.38 3.29 23
PBX 9404 0.42 J.1] J
PBX 9205 0.55 1.37 42
Comp A 0.03 4.38 0
PBX 9407 Q.77 1.50 50
pPax 9010 0.79 1.53 54
Octoil 0.82 4.0] 17
PBX 9501 0.84 2.52 8
1.X-04 1.04 2.58 18
pPax 9011 1.09 2.1 33

The materials are iisted in arder «f lecreds
ing sensitlvity as determined by the rupture nt a
1 mil Pb toii. This is a minlmum type ot reac:
tion. Tt the 10 mil Pb foll resuits were used.
an entireiy Altferentr onler would result, with
the KDX Dbaie explnsives beinyg the mnst hensitive
Taterials.

IKATED :AMPLES

In some cased 1t 1s Jdesirable vo tenr wentert
als at remperatures dabove room temperatuie,  This
allows one 1o evaluate tazards that may exist
nrimy the procesisimg ol these materlals (or
vample, moiding powders at thelir preheal rempera
tures).  In this vartation of the rest, rach sam
prle holder 1s tilted with a heat tesarvoir, whivh
connlsrs of a steel hlock 29.4 .emoailam x 19,1 mm
(1 Iln. Jdlam x 174 in.) high dritled v reocetve
the dowel pin of the sitamiard samplie hobler. The
nample holder/heat reservolr assembly In heated
1o The esired remperature in an aven, then rapld
ly transterredd 1o the {iring hanber unl tenred.
It was lound that when the sample hobier/tisat
tenervolr dssembly wad temovesl fraom an oven .t
Im0%¢, lhe temperature dropped gt 4 rate of
02"t o The Clpsy several minates, The avin
e tims from removal from the awven o Llring b
aboat 19 84, I elevared tempetatinee v lng the
ityntyrene sample hohlere ate replaced by bidenty
val Teflon hotdery,

Tahieg 4 and vosfpw the peigits ohitatnest when
testdmg cieveral comanon myfitary wxploajvees el
typleal Dok moebdiog peasders a0 Tt Voo ol
lncrnan g vemperataere, LV can I saeon Vhat e
Sentiiivity e eased ciooewinat o oan a0 Yane fon o
temjpioy atinre . Yhe ma o ol lect gppegrs o he e

Number

16

severity »>f the reaction wh:n confined with a

10-mil
i‘reases

Temperature (°C)

Pb foil. The per cent

exploslon in-

, and the degree of reactlon to shatter a
Teflon holder is considerably qreater thanr rhat
raquired for destruction of one tabricated fr.om
roiystyrene,

TRBLE 4. WFATED EXPLOSIVES

50%-Point Bnerqy (joules)

J-mil PFoil 10-mil

Foll % Expl.

22
50
75
100
125

22

15
125
175

15
12%
175
200

PETN (Trojan Barre: No. 1)

0.25 0.70 50°
0.24 0.78 le
0.21 0.70 15°
0.18 0.60 a2’
0.26 0.79 Qi)b
RDX_(Wabash Ground)
0.27 1.88 8.1*
0.18 1.05 1.9°
0.18 0.93 23.0°
0.10 0.37 ve.0®
HMX (38-63)
0.26 1.12 T
0.26 1.03 WP
0.i7 0.80 o®
0.12 0.52 5P
0.125 0.6 nq"

ﬂllulyut.yrene fwolders

'Teti.n holders

MATER LAY BEXITBUT NG ANOMALDUS ENAV HOR

tiin

0o lesting was hegun at Loy Afaimas, e

Iave Toumt o maaher ot

Lomewlitat

and motbdig genalers,

in Tabhie o,

vedeaunl 0 b o e

materiain thar hehave
ditlerontly than onr el vybhieiives

ul abecaborane . 1Y i lways o expioded ar

g ion
The wval

bt he
[RI ] KT
[ILE I (11
exp il
Lee e 1t
fmped by

ome ol these are fared

cetlum nttrate qah

the Foearen

wWieocomthl anpply bremoont gl peenr
ne ol At g -/ ot the vnet gy
that cab Y b iy vp oo

bt fal alt hy

4 hmman., In

by ot Gl han

td i wpanct senafvivity of 4 7 0 b
The oater gl beltaves e w privary
vl thesin a1 b he b bevey

rpeedient ol divetite, Shien

ml b sevepal e

fodent -,
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TABLE 5. HEATED MOLDING POWDERS

50%-Point Enecqy (joutes)
3-mil Poil 10-mll Foll %_Fxpl.

Temperature (°C)

Composition A
22 0.63 4.38 o®
50 0.42 4.75 0®
75 0.51 6.75 o®
125 0.58 5.25 o®
9404 (94/3/3 - HMX/NC/CEF)
22 0.42 3.13 0?
75 0.33 3.25 o®
125 0.30 2.50 o®
175 0.24 1.92 25°
LX- 04 (85/15 - HMX/viton)
22 1.04 2.58 182
75 0.78 2.25 o®
125 0.73 2.10 a®
175 0.65 2.15 n®
9407_(94/6_- ROX/Fxom)
22 0.7 1.50 5o?
75 0.53 1.14 o
125 0.45 .01 35
175 0.43 1.02 1"

"Polystyrene holders
bTef lon holders

The next three marerials are hest classed as
pyrotechnlcs.,  ne of their chiardoterint s I
thal once a reaction sirarrs, the eptlre Saehils in
constimed.  HBoth the hrat powder and ‘I'V/H fgnier
have senattivity values aimilar o hwuman vlecrge
vitatic enrrqgies.

APCP, WTE, sowe pentapitecantitiine atl rrans
form ifnto very vijgorous reartions with only
slight Increase ot eaergy.  This hettavior 15 mane
typlcal of rthe hehavior of a primary expocilve
and care should he axereized with Hpeee wate
riafs. The larrer two materiuis, WTE ol pent g
nitraaniline, have threshold e ivitie; g
lar to that ol P'ETN.

Number i6 b

TABLE 6. ANOMALOU!i MATERIAL';

50%-Point Rnerqy (joules)

Material J-mil Foil 10-mil Foil % _Expl.

Cedesol 10 (same value for 0.0025
0 and 1 mil)
Heat Powder 88/12 0.o018 0.019 ---
Ti/8 0.02 (same value
unconfined)
H/KNO., 0.23 0.32
LPCP 0.31 (17% 0.40 100
expl)
BTF (HNB) 0.14 0.19 85.7
Pentenitroanilline 0.21 0.31 75
4-Nitro-1 picryti 0.24 0.23 100
1,2.3, 1K triazole

KHND 0n.51 0.4 67
K Picrate 0.73 0.54 fun

KHND, ' 1ssium plcrate, and rthe triazote
are anomalous in rhat they requlre iess eapergyy
to +ause a reaction under heavier confinement,
Th.-5e reactions are also miuch Tore severe than
thase with liyht vonfinement, as chown by the
cample hotder destruction. Whitle pone of three
satertaliy wre unduly sensitlve, »ne woald re
dict that  in an aectdent, propagatlon woudt
aeeur that coabd tead ra o tierious resuirs,
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