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THE DETERMINATION OF BINDER DEGFWDATION IN PLASTIC-BONDED EXP~SIVES

E. M. Wawarka, E. D. Loughran and J. M. Williams
University of California, Lom Alnmo8 Scientific Laboratory

Lom Alamo8, New Mexico 07544

ABSTNT

In Lhirn papar w d~scriba how molacular-oiza-distribution maasuro-
munts mada b qsl-parmaation chromatography can bc used to datcct
d.qrad.tion !n th. bind.r .y.t.m. of plastic-bond.d .xplo.iv...
Tha proco~luram for samplm preparation and chromatoqraphic ●nalysis
●ra outlinod. 9ov@ral ●xamplss ● ro qivcn to illustrate tho usaful-
n6s8 of this m,thod for ●tudyinq tho atabilitiss of ● vari9ty of
●nplooivom Oyotomm.

1. INTRODUCTION

Tho bindtr ayntams in many plaatic-bondod

●XP1OSLVQO (PBX’a) ●ra plastiainod with

highly mobil~, low-mdoaular-waiqht aom-

pounda of limitad ●tabllltioa, ●nd fra-

qu-ntly tho Polymarm in thana syatmn aon-

tain bonds that ●ro r.adily tuaasptibl~ to

●ttaak , Conm@quantly, tharo i- conoidor-

●bla uncertainty shut how WO1l tha bindar

componantm of PBXsa aan withntand lonq ●x-

poauraa tb ●lovatod tm~raturoo, Main-

aharq. cxplonlvao lik. W or RDX, on tha

oth,r hand, ●ro thouqht to km mufEioiant-

ly otabla to m~t gurront rqui;amantm.

In thm pant, w, hava utilitod many mtthodo

to datwt deq;adation or ohangw in PBX

syotmma, Thcna toohniquan, lnoludinq

avolvsd-qas ●nalyaas, wsight and dmnity

M9haura-ntol DTA, OSCI TOA and vaauM-

ctabllity tosto~ msaruro prowrtlss or ba-

hmvlor of tha ayttm ● a whoh~ thay do

not dlraatiy ●xamln@ tha area that wa now

Caa} to tho main mouraa of troublo, otruo-

tural dagradatLon in the blndtr. only

racrnntly h.ava wa dirscttd much ●ttention to

mothod8 for dotactinq and ●nalyainq binder

daqradation.

W@htiva b~an ablo to damonntrato that bind-

tr rlaqrad~tion cnn h aharact~risad by

mo,lsurinq tha ahanq@8 that ocaur in tho

molscular oimsa of tha binder comPononLo

with qai-pormaation chrematoqraphy (GPC).

with thim mothad, wa aan dctoct ehanqaa in

binder ■truatuta ● - distinaL from thooo in

tlla ●xplomivg or othsr aomponantn. In th~

:oilowlnq noationn of this pamrt w dow

cribs tho ●nalytiatl datallo of this mstl’d

and offar ● faw ●mamploo to Llluntrat@ ltm

utility,

a. EXPERIMENTAL PROCEDURES

Tha bindaro wora mparatod from tho ●nplo-

aivon oyst lmo by molvont ●mtraution. (Th@

pr~forrad oolvant for th~c work is i,a-

diehloroothang boaau-t Of tho 10U OOIU-

bility of IIHX.) A O.S-g mamla of oruahad

MX, 9 ml of solvant ●nd four 4 m qlaoo

boade ware plaaad in ● 10-mi volu.matria



flask. The flask was shaken for a 24-hr

period to enouce diaaolution of tha bind-

er cornponentm, than tha liquid phaae was

eeparatad from tha residual molid materi-

als by centrifugation. The extract wam

diluted to 40 volt with tetrahydrofuran

(THF) . A l-ml rnliquot of this solution

waa ●ubjactad to GPC analyaim.

GPC analysaa warm done with a Watarn Hodal

200 gel-permeation chromatography. Thm

chromatography wam ●quippad with two column

sets that could ba uoad alternately. For

high-molacular-waiqht matarialm, wa usad

tho larga-pora column sat, conaiating of

fiva 1.2 m polyatyrono columnm connoctad

in aariao and having poromitiam of 106,

105, 3 x 104, 104 and 900 A. Low-molecu~-

woight compound- w,ro analyxad with a

similar ●rranq~mant c? columnal howavar,

column poroaitiac war~ 3 x 103, 500, 2S0,

250 and 60 s. THF, flowing ●t t mltmin,

wao umad ●m the chromatoqraphiu 8olvant.

Samrls injaation timam varied batw~an 10

and 90 8, dapsndlng on tho nansitivlty of

tha d{~t~ctor for tho matarialm being ●Fal-

yxsd. 17aaulto wtra roeordad ●m tha c!hanqa

in rafrmtiva lnd~x am tha chromatographsd

sampla pana~d throuqh tho dotootor, Th@

ralativs conctnkratioll il~ any given Pl~l-

tion voluma 10 direotly pr~pmrtional to

tha chanqa in mfraativa indon.

1. RtSULTS AND DISCUSSION

h ●mollgnt amsmpla of tho uoofulncns of

OPC for dataotlnq bindar dqradation wam

provldsd by ● raaant study of tha long-

torm stability of PBX X-0J4J.* A sorioo

of X-0a42 Damplon had baan atorad in oQal-

●d qlaon ampouloo in Ar ●t 7S°C for vari-

ouo periods of time. Aftar 64 waoku of

atoraga, a total of only 0.6 cm3 of gaa

had evolved per g of nemple. There worm

no appreciable weight losses or dennity

changea in any of thm samplee. Gae chro-

matography rekealed that a emall loam of

nitroplasticizer had occurred duLing stor-

age, but an infrared spectrum of the poly-

urethane failed to detect any aubetantial

structural changem. Howevmr, we found

that tho compreeeive ●trengthm of thas,s

samplem had progreeaively decreaaed as a

function of storage time. After 64 weekm,

the X-0242 temt samples retained only

about one-third of their original atrengthe.

The rmamon for thim deqradatlon wam pr6-

vjded by aPC analyaea of the molecular-

●ize dimtributionm of tha bindarm in tho

surveillance ●amplae.

In Flgura 1, we have reproduced the GPC

curvee for tha binder symtems of several

)(-0242 camples. Tha continuous curve Wae

obtained from a reference eampla compoeed

o: mqual ●mounte of Eetane and nitro-

plaatic~--r. Estane, which hae a peak

molecular waigllt of ab9ut 50,0001 is eeen

to have ● broad molecular-size distribu-

tion. The nitroplaotlaizer peak, on th

laft eido of the CJPCcurve, ia clearly

●wparated from the Estane region. The ~PC

curvae for the 12- mnd 64-waek oamplee

show beyond ● doubt that eovern Eetan@ de-

gradation hae occurred de ● roault of tha

G@oraqe aondltionn. The ●varaqa molecular

weight ~f tha Eatane in tho 64-week sample

io down to ●pproximately J,000. Thie d~-

qradation in tha pnlymerla binder oom-

ponent lB thm eauna fox tha 1000 of nample

compreaoive ●trenqth, Inturestinqly, ●m

FIs 1 ●leo illuetratee, tha Uotana in ●

newly preparad ●amplo (x-024J uontrol) wam

found to b, pa:tially deqtadcd. ‘rhiadmwn

‘PDX x-0242 im am a~d of 99 wtt HMX, 2.S wtt pol uruthano (Cttana)
r i●nd 2,S wtt nltrop antiaiaar [a 50/S0 mixture of b ●(2~~-dinltro-

propyl)fomnal and blm(~, ~-dinitropropyl)eaetal] .
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The resu,

first bond claavagom in tho poly-

place during thm preparation or

on of thm ●xplomivam system.

ta obtained for tha X-0242 sygto:

amply illustrate the pitfalla of attempt-

ing to evaluata PBX stabilities or com-

pacibilitiee without sufficient informa-

tion about what is happening to thm indi-

vidual components. Without recour8a to

the molecular-size analyses, grotaly er-

roneoun concluoionm about tha stability

of tha PBX could hava baan made.

Another exploaivaa ayotem of intaramt to

many is PBX 9404.* A GPC CUFJ9 of thm

bindmr from a rmfmrwncm aampla of thim PBX

is given in Fig 2. Tha nitrocallulosa

peak appearn on thm right sidm of tha

trace, and tha CCF im ●ogn ●8 a ●heulder

on t!m lower-molacular-waiqht ●ido of tha

larqar HMXpaak. HMXappoara in this GPC

curve bacauma tthyl a:atata, rather than

diahloroathana, wao u~cd in tht ‘nitial

extraction.

GPC wam ummd to ●xamine bindmr SSMP1OS

from both tho contor ●nd tha ●urfaao of ●

block of PDX 9404. This material had been

atorsd in ● aaalgd containar with ●avaral

othor plantic ●nd metal componantn for

approximately 1.5 y.ars ●t 49°C. Althouqh

a ralativaly largo amount Of plaotiaizar

appmarmd to bo prmaont, wo found tha bind-

●r from tha contor of tha ourvoillanco

mampla to w in good aondition, ●o shown

by tha GPC trma in Fiq 3. Howgvor, tha

nitrocollulomo is aaan to ba ●bnant ●lto-

qatiior from tha OPC OUNO of tho bindar

removed from tha ●urfaca (Yiq 4). Thooo

obmervationm Indicata that tha nitrocollu-

losa was deplatad at the Surfaco ●ither by

migration or reaction during ●toraqm~ how-

ever, it ia wssibla that it crosslinhod

and wam no longor solubla in tho extrac-

tion aolv-nt.

A final ●xampla of Cho usm of GPC for ●na-

lyzing bindmr d~radation in ●xpio8ivo8

systam im providmd by our exfwricnco with

a surveillance samph of PBX X-0234.*” A

GPC curve of a X-0234 refaranco samplo Ls

shown am tha contlnuouo tract in Flq S.

Tha ●crylato polymr Ln this Qxplosivo ham

boon poorly polymsrizod, ●hewn by tho low-

molocular-waight tail extandlnq ●ll tho

way to thm CCF paak. Tha daahad curva was

obtainad from cha binder in ●n X-0234

samplo that had bean stored for just 4

weeks at 75*C. Rcrg, ●m in tha 9404 case

just discussed, tha polymoric componont

was fcwnd to ba larqoly ●bsant from tha

GPC Curval howavor, prior ●apari9nco with

anothar ●xploslva similar to X-0234 auq-

gosts that tha acrylate Polpr in tho

survaillanca sampla waa crosslinkod during

storaqo, rondorinq it lncolublm. (~)

Tha foroqoing ●xamplea havo dammstratad

that bindar degradation in a Oar!@ty of

●xploaivao syntmma can b. dctact~ by

maanuring chanq@@ in tha molocular-s18a

dlmtributionn OZ tho binder @mpononts

with gaL-parrnation chr~ato.graphy.

4. RErcmswu

(1) PJ~ato CoImuniaatLon with D. tiaton,

9
Tho aomuo8ition of PBX B404 isl 94 wtt W, 2.9 wtt nitrocalluloaa,

2,9 wtt ~ris(ahlorOathyl)Fhosphata cEF) and 0.2 wt9 diphanylamino.

●☛
PBX X-0234 lo aompouod of 94 wtt tlMX, 3,6 wtt dinitropropyl

●arylata polymar ●nd 2.4 wtt CEF.
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FigUC. J
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PBx 9404 SURVEILMNCE SANPLE

( INTERIOR)

INCREASINC MOLECUW NEIGH?



Figure 4

PQX 9404 SIJRVEILL%NCE SAMPLE

(SURFACE)

INCREASING MOLECULAR WEIGHT

Figure 5

x-0234 SURVEILLANCE SAMPLES

..

INCREASING f40LECULAR WBIQHT


