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ABSTRACT

!

Twelve ethylene-vinyl scetate (EVA) copelymers with vinyi acefate
conterts ranging from 12 to 51% have been evaluazed as desensitizert for
RDX, for production of insensitive bonster compesiticns. The RDX/EVA
compositions were preprred by o solvent-slurry coating process, in which s
solution of the EVA copelymer in & suitable solvent is added to an 1quecrs
suspension of RDX, the sclvent then being removed by distillation Lo effect
coating of the polymer un the RDX. The efficiency with which the SVA
copolymers coat the RDX crystal surfaces increases with increasing »inyl
acetate content, and can be altered by the use of surfactansis,

The RDX/EVA compositions all have exceilent thermal stability, as
assesged by the vacuum thermal siability test, The shock sensitivities of
compositions prepared with copolywers sontaining 28 to 51% vinyl scetnta
were found to bs between those of retryl and PBXW-7, with the shock
sensitivity generally decreasing with increaging vinyl acetate content. In
general, the EVA coatings gave little desensitization to impact or

cookoff; only one composition had a figwe of insensitiveness (F of D which
mee1s current impact sensitiveness requiraments for boostar explosives for
fuzes, and onty two compositions gave mild reaciions in smail~scale cockoff
testy, It is unlikely thut an insensitive booster explusive composition
containing only RDX with an EVA coating conld be developed; however,
further work on systems using EVA copolymers with additional materials
ghould-be undertaken to further exuntine desensitization mecharisme and 3
identify formulations which may preduce insensitive hosster e mpesitione,
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AN EVALUATION CF ETHYLENE-VETYL ACETATE COPOLYMERS AS
DESENSITIZEBRS FOR RDX M INSENSITIVE BOOSTER COMPOSITIONS
PREPARED BY THE SLUHRY COATING TECENIQUE

1. INYRODUCTION

1.1 ‘Insensitive Booster Compusitions

Australian produced ordnance usually contzins tetryl i the fuzing and TNT- based
melt-cast compositions as the main charge {illing. While thesa compositions have
been ndequase for most applications it is quite glear that alternative polymer bonded
explosive (PBX)} compositions developed overseas sre considerably less vulnerabls to
many hazaxdees stimuli and can offer seversl other significant advantagee such as
enhanced underwster performance,

Curreutly two cast~cured PBX compesitions are being evaluated at XRL as
main charge fiilings in Australian ordeance. PBXN-107 (formerly PRXC-116) [1,2] is
an alternarive to TNT-based melt-cast compositions for use in koth medium and large
calibre shell and aircrait-carried oxdnance, where its higher maximum operating
temperature (greater than 100°C) meakes it suitable for deployment on sircraft in
environments where extreme aerodynamic heating may occur {3}, PRX¥-115 is more
powarful and less yulnerable thun the TNT-based compausiticns which have
traditionally been uved in Australian naval mines and related atores, and is under
assessment as a replscemsent for these fillings {4]. Munitions containing both PBX
ccmpoaliions have low vulrerability to bullet/freginent impect, do not undergo ‘
sympathetic detonation, and alsc give mild respouses under fast cookolf condivivns, .
i.e. when ordnanca containing the compogitions is heated in fusl fires. However, to ;
fully realize these benafits it is esaentiai that the explosive compositio:n used in she 3
fuzing for thia ordnance is also inseunsitive to these stimull, One of the msfor
concerns is cookoff bahaviour; violent rosponse of the booster, even non-datonative,
could give gufficient shock stimulus to sny unconsumed main chargs for a shock o
aetongtion transition tc occur {51,  Aliematively the hot, high valocity fragments
frow a violent explosion in the bsoster assembly could Initista the main charge (6).
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direcied towards the preparation of insersitive beoster compositions. However, the
problem has not been satisfactorily resolved; currently no ‘ngensitive hoosier
compasitions are qualified. For preper fuze funciion it is e.sential thut these
compositions are mora sensitive to detorstive stimuli than the main c¢harge.
‘Therefore they often contzin a nitramine high explosive (RDX or HMX) which may be
biended with a more thermaily stable and less gersitive high explosive {e.g. TATB). 4
. polymeric binder is incorporated to give the required mechanical properties to the

. booster charge. ‘The binder may have a pronounced 2ffect on the sensitivity of the
cemposition to shock, mechanicai/bullet impact [7, 8§, 9i, kot fragments {10] an2
cookoff 16, 10], and rust therefore be chosen with care,

’ ‘There has been considerable reaearcu and development in the UK and US
i
!
i
]

———

Fluorccarbon polymers exhibit very good thermai atability and huve been

used in several insensitive booster coraposition:s (1] including the US Navy’s PBX W-7,

Type II (RDX/TATS/Viton A 35:60:5) {12] and the BX compositions

(RDX/HMX/TATRB/PTFE) (5] developed in the UK, However, there is poor adhesion

between fluorocarbon polymers and the sensitive nitramine (13) ané tle coating

efficiency is usually poor {14, 15}, The resulting moulding granules can be quite

i sensitive to impect hecause of air entrapment between the oxplosive crystals and the

{ polymer film {14]. Furthermcre the poor coating efficiency militates ageinst good
cookoff behaviour. It has been shown that affective polymer coatings on explosive
crystals wadergo minimal disruption during pressing snd help confer good cookoff

. behaviour on the pressed charges [6]. Thie arises because & well spread, sdherent

: coating disperses the growing shock wave in the xun-up preventing & deflagretion tc

! detonation teansitior. [6].

-y -

Polyethylene wax (PE) is another binder ucad to prepare booster

compositions {16, 17), however it is unlikely to coat explosive crystals well enough to

\ be used in insensitive booster compositions, In Composition A/PE it gave a granuier,

. porous, non-acherent coating on the PDX crystals and the cookoff behaviour was very

} poor [6]. In contrast copolymers of ethylene snd vinyl acetate ven give good coatings
orn RDX crystals [6] and have excelleat surfece adhesion {13, 18!. The polar vinyl
acetate groups wet the surfaces of the RDX crystsis ond adhesion ig erhanced by
Lewis base ~ Lewis acid interactions betwean the ester groups of the copolymer and
the nitro groupe of the explosive (18). These compositions have extremely mild
cookoff responses when good coating efficiencies are uchieved [8]. 1t has been
suggested that this favcurable behaviour is erhanced because the binder undergoes an
endothermic decomposition at temperatures close {0 the exotherm for the

1 decomposition of RDX {18] and thus kelps suppress the runaway thermal docompositicn

} reactions of tha explosive.

Ethylene-vinyl acetate (EVA) cogolymers give moulding granules with
other degirable properties which rake them well zuited for incorporation in insensitive
booster compositions 1o be used i Australia. To obtain charges of sufficient quality
it is often necessary to hot press insensitive PBX compositicns, However, if EVA
copolymers with low glass transition temperstures (Tg) are used the compositions can
ke cold pressed, meking production pelletting aoperations much simpler. The ethviene
content also azsists in the pressing operetion by providing sidded lubrication. The
resultant pressed pellets are coherively strong and can be temperature cycled without
cracking {18).

At the commencoment of this study it wus not clear how the properties of
verious commercially available EVA copoiymers would affect the preparetion,
procoessing and sensitivity of booster compositions containing RDX. Furthermore,




these composttions are prepared by the slurry technique [18-21]1 which has been widely
used in the U3 but diffezs subatanitally from techrigues curreatly uzed for coating
explosives in Ausiralin, Therefore it was giso necessary to gain local axpertise with
this technique. Accordingly the first stage in developing an insensitive bocster
composition for use in Australia involved a thorough evaluation of a range of EVA
sopolymery to identify those mest epproprinte for thir application. Concurrently it
was necessary to develop an effective method for coating these polymers sn RDX
crystals,

1.2 Ethylene-VYinyl Acetate Copolymers

The physicsl properties of tie range of commerciglly available EVA ncpolymers are
quite varied. They sre largely determined by the vinyl acetate content when the
molecular weights are sufficiently high (chain lengths greater than 1000 vinyl
monomer units) {22). The copolymers evaluated in this siudy genemlly have shorter
chains snd their properiies are also influenced by the molecular weight and the
molecular weight distribution, which both show s stiong dependence on the
polymerization tecknique used and the reaction conditions [25).

Ethylene and viuyl aceteie are commercielly polymerized at velatively
high pressures by bulk, solution, suspersion or emulsion techniques. Both monomers
have almosat equal rezctivitivs a1 pressures above 100 MPa (1000 atm) ané copoiyrers
of a random type are formed under these conditions. At lower pressures vinyl acetate
is more reactive and the copolymer initiaily formed wiil contain a higher percentage
of this urit. A more uniform polymer is obtained under these conditions by
continuous feeding of this mionomer to the reaction medium at the appropriate rate
{24). Side reacticns in the homcpolymerization of ethylene [25] and vinyl acetate {26}
introduce sote chain branching. The level of long chain branching nbeerved in
polyethylene ig similar to that found in the EVA copolymers when doth types of
polymer are produced by the high pressure nrocess {22].

Polyethylene produced st high preasures is partially crystalline and
partially amorphous. The crystailinity resuits from close packing of polymer cpains,
with very long sequences of ethylene groups, into layers {or lamella). The polymer
chains have lengtha of about 100 carbon ztoms between folds. Branching occurs in
the bomspolymer and this disrupts the crystalline structure, thus introducing
amorphous segments gnd lowering the density of the polymer. Polyethyleve with a
density of §.92 Mg/m"® is appmxxmawly §0% crystalline snd has a crystalline melting
point of over 110°C {271, No mapr giass transitions have been nbserved over
temperatures ranging down to -40°C although & number of secordary glass transitions
have teen observed (27, 28], The polymer is ductiic wall below 0°C, has a medium-
to-high siiffncas [27] and a moderately high tensile strength,

The incorporation of vinyi acetate comonomer into the ethylene backbone
of the polymer further reduces the crystailinity of the polymer. Each acetate side
group prevents four carbon atoms on cach side of it from entering polycth_;lene
crystals. Thus ge the vinyl acetate content is increased up to 45 weight % %*

* Vinyl acetate content in EVA copolymars can be expresaed s sither weight % or
mole %. The former term will be used throughout this report, abbrevinted as %,
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(approximately 25 mole %) the crystallinity falls to zers. The vinyl acetate groups
therefore have a plasticising effect on the polymer because they reduce the
crystallinity., This 2ffect is enhanced because they aleo increase the distance
between the polymer chains. The chenge in crystallinity directly affecta many
physical properties, The meiting points, tensile yield strength, herdness and stiffness

: are reduced [22]. EVA copolymers with Iow vinyl gcotate contents (20-3G%1 are

i thermoplastic bai similar to semi~crystallitie polyethylene, As the vinyl acetate
content increases the polymers beceme more flexible, softer and extensible. They
bave mechanical properties similar to natural rubber and deveiop large streases av long
elongatione, Copolymers with 50-70% vinyl acetate are amorphous rubbers with high
elongation but low tensile atrength., At these compositions the stiffness of the EVA
copolymers reaches a bread minimum {24]). The giass transition temperatures of the
copolymers gradually increase to approxzimately -40°C gt 50% vinyl acetate {27),

When the vinyl acetate content is 75% the copolymer is equimolar.
Copolymers containing 80% vinyl acetate are soft, waxy, tacky materials with very
iow tensile strength {231, Further increase in vinyl acetate content leads 1o more
numercus poiar interactions between the palymer chaing causing a reduction in
flexibility {261 and higher cohesive and tensile strengthe {28). Flexibility is also
reduced because ethylene units in the copolymer are free {rom steric hindrance and
their replscement by vinyl acetate groups introduces more impedimant to free
rotation about the carbon-carbon backbone of the polymer and reduced inire-chain
mobility (261, The atiffness ead gisae transition temperatuce of the copolymers aiso
increases end their properties approach that of pure polyvinyl acetate, which is hard
and amorphous with a glass transition temperature of approximately 39°C and a iow
softening point [24].

‘The binder for an sxplosive composition should neither melt nor become
brittle during exposure to climatic extremes. It is desirable that the binder have a
melting coint of greater than 70°C and a low glass trensition temperature. These
requirements preciude the use of copolymers with very high vinyl acetate contents.

Commercial copolymers with varying mcleculsr weights and vinyl scetate
contents of 12 to 51% were zelected for evaluansion, ‘The properties ©f copolymers
within this rarge svemed moust appropriate for celd pressing, desensitizing the
explogive and preparing ccukoff resisiant compositions. Cookoff behaviour might be
expected to be influenced by the vinyl aceinte content of the copolymer. The
endothermic decomposition of thesz copolymers ccours at temperaiures above 200°C
and Involves elimination of acetoxy groups via six membered transition st2tes to give
acetic scid and unsaturated sites {23, 3¢). Topolymers with higher vinyl acetate
conients might remove more heat from the 2xothermic decomposition of the explosive
and reduce the likelihood of & viclent rasponse. Possible correlations between vinyl
acetste contents and cookoff behaviour were therefore examied in this seport.

1.3 The Sarry Tochnigue

PBX moulding powders fu. pressed bososter compositions are usuaily prepared Ly the
slurry technique §19-211. The polymer used is a solid resin that is disscived ina
suituble orgunic solvent which is immiscible with water, has 8 high vapour pressure
and does not dissolve the explosive used. The polymer solution is added to an agisated
sgueous slurry of the exzpiosive and Is required 1 wot the expiosive crystsls by
displacing water. The mixture is then heated snd the sglvent 2 removed hy

10
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Gistillation or vacuum gir sweep to effect deposition of & polymer coating on the
cryatals’ surfaces. During this process the poiymer coatinge contain residual seivent
and are tacky. The coated particles agglomerate into heads. Whea moet. of the
solvent is removed the mixtere is cocled and the moukling granules are coilected by
filtration avd dried.

Three variations on this method have also been occssiopally used. In the
raverse slurry procass [31, 32§, the explosive Crystais are stirrad with the solution of
the polymer in organic aclvent then this slutry is added $o agitated water and the
solvent is removed by heating tas mixtura, The starved addition technique (33, 34)
involves very slow addition of e dilute pelymer solution to a very dilute agitated slorry
of the exploaive in water, followed by heating the mixture to remove the sclvent.
Using thix technique the polymer can be spplied in a comperatively uniforin film to
the explosive at very low lavels (less than 0.5% w/w on the explosive). Crystals which
arc individually, but not completely, coased with pulymer can be produced. A
subseguent prilling step, invelving softening the polymer costing with aolvent to
achieve contrulled agglomeration, can lead to sphericel particles with enhanced bulk
density. These Yieavier particles can overcome elecirostatic forces more easily and
(low well in automatic pelleting machines. The starved addition technigue is only
suitahle for the production of very small betches of explosive moulding powders
because of the need 10 operate with very dilute squaous slurries of the explosive.
Finally the normal slurry techrique can be altered to approximete starved addition by
dropwise addition of the polymer solution vo 2n agueous slurry of the explosive heated
just above the boiling poin: of the solvent or its azeotrope with water {352, 'The
polymer coating is gradually deposited and the continuous removal of the added
solvent reduces the tackiness of the polymer coeting and the agglomerstion.

Several factovs influsncing the coating efticiency and granule size
obtaines by the slurry technique have been discussed by Worley [33). Polymeru with s
molecuiar weight of at least 10,000 usugily give the bost results. High solubility in
the organic solvent is important end ususlly is observed with amorphous rather than
more orderad crystalline polymere, ‘The polymer solution must have & low contact
angle with the explosive to achieve sufficiently high wettshility and soivents with low
surface tensions are often used. The solution must also be low enough in viscosity to
readily flow accurdd the cryciais prior to solvent removal. However, if the viscosity is
too low the soiution can be exrily sheared off the crystal surfaces ieading 10 thin
coatings of infarior quality {361,

A protective colicid, typicelly polyvinyl alcohol, is often eddzed to prevent
floccwlation and stabilize the emulsion formed butween the polymer soluiinn and
weter. Dropleis of the solution nre depositsd on the crystal surfecez during the
process 8nd flow tegether to form the coating. Some surfactants facilitate this
process and /lso help stabilize the emulsion. If the concentration of the protestive
colioid is too high, poor coating resuits because the polymer druplots are too well
stabilized xnd do not coalesce on the crystal surfaces {14}, Surfactants and colleid
stabilizers can be used to control agglomeration and thus the flow properties of the
finsl product (34, 16]. Granule size csn aluo be alterad by varying the water te
solvent retin, the degrev of egitaticn {37] and the temperature of the heated aluryy.
At elgvated temperaiures some polymers can become soft and tacky, resulting in
ciumping of the polymar coated cryntals [33],

Tlearly s detaiied study of this sechnique with RTX and EVA copolymers
wss pecessary to find conditions which gave the deeired grapuls size and oplimized the
polymer coating efficlency to improve cookoff behaviour.
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2. EXPERIHENTAL APPROACH

A number of cormposidions with & nominal ratio cf RDX to EVA copolymer of 95:5
were prepersd by the slurry technigque to determine:

(53} the offect of ihe vinyl aceiate content end properiies of the EVA copolymer
on the properties of the finsl moulding granuley and compacted charges,

() the best method of sluery comting to achieve cptimai ceeting of the
copolymer on the explosive crystals, end

Gii the effect of the copolymar compogition amd coeting efficiency on the
cookoff behaviour of the compacted moulding grenules.

Mouulding grancles were prepared by s general slurcy coating method using
twelve EVA copolymers with vinyl acetats contents of 12 to 52% and 8 range of
properties (Table 1). Tha coating efficietncies, impact sensitiveness and vacuum
thermal stabilities of ali thede compositions were compared ansd the shock sensitvivities
of compositiona prepared from copolymers with vinyl acetate contents ranging from
28-51% were determined.

A parametric atudy of she slucry coating mathod was conducted to
determine the best conditions for achizving high coating efficiencies and reduced
impact sensitiveness for these compusitions. This involved studving the effects of the
ratio of water und zolvent to RDX, sdditives {polvvinyl alcohol und surfactanis) and
the mode of uddition of the polymer solution on theae properties of the moulding

granules.

The coskof! behaviocr of compositions made using EVA copolymars with a
range of vinyi acetate contents and one composition made waicy Viton A were
compered and the effect of improved coeting efficiency on cookeff behaviour of acme
RDX/EVA compositicns was nazessed.

‘The daie from the above yrudica were used to identify ithe host EVA
copalymer and coating conditions for preparing insensitive booster compositions.

32
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8. EXPERIMENTAL

. 3.2 Matedals

‘ RDX Gntd‘«e A, Class 1 (recrystallized) from Aivion Explogiver. snutory wis used te

. prepare ¢ 3% the compositions descriinyi i this report, Too KIXSvax 219 (95:5) . . .
composit,.a was also prepared for 20ko?: testing using &0 u ;,e{ Class 5 from Royzl i : !
! Crdrance plc, Bridgwater, UK, whita is Césicnated as G s & in this psport, These .
3 ; oo explosivas were received wet and were rouunelj dried a* t} ¢ pump pror to uss, ) i

The EVA copolymers examined were selected fiom the Elvar (I'u Puniy, . .
Levupren «Bayer) and Vyndthene (US InCastrial Chemical Un) rarges of praascis, : ¢
Viton A, naed to prepare-RDX/Viton A (85:5), is a vinylidine . : .
fluoride /ir:xafluoropropylene oovolymer menufactured by Ds ‘Pent. '

ke wew e -

™o Zollawing 6 tives vere used it the coating experiments:
N ‘ : (63) Mowiol 4-bb, & et iy wipnoified polyvinyl alcohol (Hoechst),
i) *mpilan FD, a nop-1ome surfaciant {2:lbricht and Wilson 7 .td),

(iii) Manoxol OT 60, an :nioaic suriacw-r* - di sotyl sodiuin su paosucrinate
(Harcros industrial Che.ucnls), and

. , (iv)  Cetyltrimethylammonium bro:nide, a cationic surfactent
B (BDH Chemicale Ltd),

All the solvents used were laboratory reagent grade. In sl the
preparations distilied wati:r was used.

3.2 Slnrq Coating Methods B
3.2.1 Mixing Equipmenc

All batches were prepared i .n open mixing vessel with a-xight Girenine: cylindrical
shepe shich was fitted wit". a heating jacket:and twe wide baffles perpendicular to the
walls of the vessel. The . .urries were stirred by an-overhead air motor-which drove a
rod with sn impeller at tha base equipped with twelve flat blades,

e

i
£ —_p o

3.22 Geueral Meitod

R R L

The following general-meth::1 vas used to prepare compositions from gll EVA resins
for tha ~ot-fsi2san +f the effect of these opolymers on he properties of the
moulding granules and compacted charges. Ilowever, when Elvax 210 was used less
water (285 mL) was added,

. on

A slurry of RDX (142.5 g) and water {435 mL) was stirred at 500 r/min for
5 min then an squeous solution of Mowlicl 4-88 (0.01% w/w, 15 mL) was added. After
a further 10 min a solution of EVA copolymer in toluene (10% w/w, 75 g)-wes slowly
added. Th2 mixture was agitated vigorousiy for 15 min then it was heated to 60-
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65°C., This temperature was maintained until raoet of the solvent was remaved and

hard moulding granules had formed. The egitated mixture was cooled tn 80°C and the

granules were then collected by filiration and washed well with water. In most t
preparations the oversized granules were separated by sieving tha composition under

water on a 2.36 mm mesh. The finer granules were dried at the pump and then at

60°C in a vacuum cver silica gel.

3.2.%3 Parametric Studies on the Genersi Metaod ,

Fifty gram batches of these compositions were prepared using Levapren 408 by .
varying the ratio of water and toluene to RDX, incorporating additives and using an

approximation to the starved addition technique. The modifications are detailed in

Section 4.2.

8.2.4 'RDX/Viton A (96:5)

This compoeition was prepared by the general method but ethyl acetate was used as
the solvent.

3.2.5 RDX/Levapren 408/Zirc Stoarate (8.1:4:2)

An RDX/Levapren 408 (94:4) composition was prepared by modifying the general
method and using an anionic surfactant (0.4% w/w on RDX)., After the solvent was
removed in this preperation the mixture war heated to §5°C and a hot squeous
solution of sodium stearate (5% w/w, 55 g) was added. After 15 min an aqueous uinc
sulphate solution (2% w/w, 120 mL) was added at a uniform rase ¢ver 89 min and the
mixture was cocled. The grantles were collected by filtration and dned at the pump
and then at 60°C in & vacuum over silica gel,

3.3 Characterization

3.83.1 Scanring Eilectron Microacopy

Micrographs were obtained using a Camhridge Instruments Mode! S250 Mk II scanning
electron microscope with a tungsten electror gua operatod at 15 20 21 kV in the
secondary electron mode. The tilt angle used was generally 30 degrees. The sumples
were mounted using PVA adhesive and sputter coated with a conducting tilm of gold.
Cocating efficiencies were usuelly determined from at least five high resciution
micrographs considered {0 be represontative of the composition.

3.3.2 Rotter Impact Sensitivencss : Figure of Insunsitivencss ( F «f 1)

A Rotter Apparatus (38) fitted with a 5 kg weight was used to determine impact
sensitivensss, F of I values were determined wsing the Bruceton procedure to analyse :

rezilte,  Urless indicated otherwise these results were obtained using 25 or 50 caps. )
Tht values quoted, derived from the height for 50% initiation probability, sre relative

to RDX Grade F = 30 and are rounded tn the nearest five units. Average ges volumes

for positive results are also quoted, - i
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3.3.3 Shock Semmitivity : Small Scale Gap Test

Shock sensitivity date wes obtained using the MRI, smell scale gap test (SSGT) 1391,
The donor is 2 UK Mk 3 exploding bridge wire detonator atienuated by brass shim,
The accaptor is two 12.7 mm diameter x 12,7 mm height cold pressed cylinders of the
explosive under study. A detonation iz confirmed using a mild steei witness block.
Results were obtained from 20-30 firing3 sising the Bruceton staircase method and are
quoted as mm of brase shim for a 50'% detunation probability, together with the 95%
confidence l'mits and standard deviation.

8.3.4 Vacuun Thermal Stability Test

This test was carricd out in accordance with standard Australian procedures {401, The
results quoted ars the average volume (mL) of gas evolved at 120°C over 40 h for
duplicate 5 g samples of the RDX,/EVA compositions prepared by the general method.

3.3.5 ‘lookoff Tost

The cookoff bebaviour of the RDX/EVA campositions and RDX/Viton A was sssessed
uging the Super Small-scale Cookoff Bomb (SSCB) {41, 42] shown in Figure 1. 'The
SSCB uses &n explnsive sample 16 mm diameter x 64 mm long, with a total mass of
approximately 20 g, consisting of four (4) pellets. All the compositions teated were
presaed to 90 %TMD, Duplicate teats were conducted on all samples at the fast
heating rate, and compositions which showed mild cookoff reactiors were subjected to
further tests at both fast and slow heating rates. The results presented include the

type of cookoff response obtained, and the explosive surface temperature a¢ reaction
and time to reaction.

4. RESULTS AND DISCUSSION

4.1 Zffect of Diffecent EVA Copolymors on Mouking Cranule Properites

All compositions asgessed in this section were prepared by ths same gene:gl method
devised in the euriy stages of studying the slurry couting technique,

4.1.1 Prooxmibility

‘The slurry coasing process produced granulas consisting of many partly coated cryninls
bound togetker by nolymer. Sscanning ¢lsttron microgranns of RDX Grade A and a
typicel moulding gvanule ure ohown in Figure £ (a) and &), The different EVA
copulymers used to prepare th2 mouiding yreities hard an effect on reatuls siza,
handling properties such as tlwability, and he esec of prassing ihe compositions,

. Wmon = res

Eight »f the compottions produced mok’ding nowdos contrining lasge
granules, which are unsuitabic for prevsing, These mewcrinie were passnt theough o
2.86 mm sieve pricr 20 usa, and 2h¢ ovemize portlons {loble 2) vere rajc:isd,




Presumebly the copolymers which gave rise to the large granules were those which
were most, tacky during the coating process and therefore induced most agglomeration
[33]. ‘The composition prepared from Vynathene EY 802-35 showed substantinl
agglomeration (Teble 2) and micrographs of compoeitions containing both Vynathenes
showed that polymer films were sevcrely disrupted in these cases (e.g. Figure 8,
Microgreph A3. This surface disruption msy havs resulted from intercrystalline
contact and subsequent pulling away of the tacky polymer, but could aiso be a
property of these particular polymere.

In contrast, micrographs of mozt of the other compositions (Figure 3) do
‘ not show ¢his type of dizruption of tha polymer coating. For polymers with
) approximately the ;ame vinyl acetate content, surface tack should be least for thees
( with the highest molecular weight. If similar branching occurs in these polymers then !
solution viscosities are an indication of molecular weight. Levapren 400 gives :
considerably more viscous solutions in tolusne (Table 1) than other copolymers with
approximately 40% vinyl acetate and does rot give rise to oversized agglomerates.

All the compositions prepared in this study were free flowing and when

4 . cold pressed they gave acceptable peliets, Some compositions from copolymers with
a high vinyl acetate content adhered more strongly ic the walls of the mould during
pressing and a mould lubricant was required,

The peliets produced for SSCB teeting were heid in ambient temperature
storaza for several months prior to and during the testing program. It wus noticed
. . that some pellets had grown slightly on storage, and the eondition of pellets of
different compositions varied. These observations ave summarised in Table 3. ‘The
pellets produced from all the RDX/EVA compositions showed poorer surface finish
than the RDX/Vitor A and PBXW-7 pellets.

412 Coating Efficioncies

All compositions were examined using scanning elec'ren microscopy to qualitetively
assess the relative coating efficieacies of the diffeient polymers. Some micrographs
of selected compositiona are shown in Figure 8, and cen be compared with the
uncoated RDX Grade A (Figure 2(a)). Only partial polymer coating of tke RDX
crystals occurred with some bare crystal surfaces sxposed in all compositions,

The worst coatings were observed in compesiticns prepared from Elvax 650
and Elvax 410 which are both copolymers with low vinyl acetate contents (12% and
, 18%). A typical micrograph (B) of the former composition ghows textured polymer
| . deposited on the leading face of the crystal with the surrourding faces uncoated, In

both cases the polymer adhered pooriy to the crystal surfacos and the moulding ‘ i

granules were easily disrupted revenling that the polymer is largely denosited in
coerse poiymer strands (Micrograpk C) which bind the granule together, The ;
composition containing Elvax 210, which has a vinyl acetate content of 28%, showed
; an improved polymer coating with the smooth polymer film covering a larger
y ptoportion of the cryatals’ surfaces (Micrograph D). However jJarge aress 5f uncoated : )
crystal can cloarly be distinguished und ths overall coating efficiency is only faie. . !

P

For the range of compositions studied, a general trend of increasing
coating efficiency with increasing viny! acetate content or the copolymers was
obeerved. This is presumably because copolymer solutions with a high percentage of

B
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pular vinyl acetate groups can hetter wet the surfaces of the RDX crystals.
Micrograph E of the composition containing Levepren 8§00, which has 50% vinyl
acetate, illustrates tlis enhancement in coating efficiency. It shows that a very high
percentage of the crystals’ surfaces are covered with a smoocth pelymer film,

In those cases where the copolymers differed only in molecular weight the
micrographs revesicd that the lower molecular weight polymers gensrally gave higher
coating efficiencies and formed a thinner, more cenegistent coating fiim. The lower
molecular weight polymers give lees viscous sclutions in toluene (Tabie 1) whick should
flow more effectively across and more completely coat the RDX crystal surfaces.
These effects are iliuatrated in micrographs of Levapren 452 (F) and Levapren 450
(G). The former polymer ie lower in molecular weight an gave a high coating
efficiency. In contrast micrographs of Levapre~ 5y “weoeaed iclerior coatings and
some (e.g. Micrograph G) showed raised areas of ~..ymer which (ndicated poer flaw of
the more vizscous solution during ceating. The ~asting ; vbtained using Elvex 40-W did
rot conform to this general trend. This copol, .41 nas a low molecylar weight but
gave a significantly worse coating than other ctpolymers with the same vinyl acstate
content.,

4.1.3 Impact Sensitivecess

Rotter impact sensitiveness data for the RDX/EVA (95:5) compesitions prepered by
the general coating method are shown in Table 4, together with data for RDX/Viton A
(95:5).

The results show that the most sensitive moulding granuies were obtained
when the fluorocerbon polymer, Viton A, was used, This confirms the poor
desensitizatior. which fluorocurbon polymers may afford {14, 171, Of the RDX/EVA
cempositions, cinly Elvax 210 gave appreciatble desensitization; all other EVAs gave
compositions of similar gensitivenass to the urcoated RDX Grade A (¥ of I = 80). The
Elvax 210 compnsition is the only material which meets current impact svensitiveness
requirements for buoster explosives, i.e. F of I not less than that of tetryl (90} {17].

Both the fracture and thermal propetties of polymer additives determine
their sensitizing effect on expicsives {7, 8], Some polymers that sensitize do so
because they fail catastrophically either by fracture ¢r localized adiubatic sbear.

This concenirates impact energies in the polymer and can generete hot spot
temperatures well in excess of the polymer’s soft:r.ing point [7, 44). In cases whore:
the polymer deforms in bulk undsr impact, withou- tccalized concentration of energy,
the material may reach high temperatures by viscous heating from bulk plastic flow at
high strains {E, 46, 481, The teraperature attgined will be determined by the thermal
properties of the polymer including its latent beat of fusfon, spocific heat ard thermal
econduntivity which all determine the extent of thermal losses [8, 46, 471. The
specific heats and thermal conductivities of polymers are generally low {2] and g0 the
latent heat of fusion will often determine the final bulk temperature attained, The
latent heat of fusiun of a polymer depends on the degree of crystallinity snd is
consequently high for kigh density polyetaylene (83% crystalline, end laten. heat of
fusion of 115 J g‘l {48)). This polymer deforma by plastic flow but has been shown to
only reach a low bulk temperature. It hes been suggested that the temperature rise is
low because of the iarge energy loss during the phase change {46]. This loss should
relieve $h2 energy build up in the sample and may explain the polymer's desensitizity
effact on explosives [7, 46].
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Capolymers of ethylene with vinyl acetate become increasingly soft and
extensible as tha viny! acetate content increases io 50%. If these copolymers behave
like pclyethylene and deform under impact, the bulk temperature rise in the polymer
may be controlled by tlic heat of fusion associated with melting reeidual cryatalline
polyethylene domains. The crystallinity of the copolymers decreases as the vingl
acetate content increases, and they become amorphous et 43% vinyl acetate.
Therefore moderation of the temperature rise in the polymer by energy losses
associated with melting of the residual crysialline domains will be greater for the
copolymers with lower vinyl acetate contents, and they would be expected to give
more desensitization than those with high vinyl acetate contents, where higher
temperatures maey be attained,

Conversely, as the vinyl acetate content increases, the quality of the
coating of the copolymer improves (section 4.1,2), This enhanced coating efficiency
should lead to greater desensitization {43] by the high vinyl acetate content
copolymers, and the poor quality coatings given by the low vinyl acetate copolymers
may 1ead to sensitization by air entrapment between the poorly adhering polymer film
and the explasive crystal {14].

These two mechaniams - dependent on coating quality and copolymer
crystsilinity ~ act in opposing fashion in their effect on impact sensitiveness as the
vinyl acelate content varies. Further work on this subject iz presently being
undertaken at ihis isboratory. .

4.1.4 Bhock Sensitivity (5SCT)

The RDX/EVA (95:5) compositions prepared from copolymers with vinyl acetaie

contents in the range 23-51% by the genersl coating method were pressed to

approximately $0 TMD and their ahock sensitivities were determined using the MRL

small scale gap teat (SSGTY [38]. The results chiained are shown in Table &, and are

céomgared with values obtained for PBXW-7, granuiar tetryl and a sieve cut of RDX,
rade A.

All the RDX/EVA compositions are more shock sengitive than PBXW-7 and
Jeds shock 3ensitive than tetryl and RDX, 7The values obtained span quite a wide
range of aaoch senajtivities and the type of EVA ccopolymer used has a atrong influence
on the shock sensitivity of the pressed composition. In-this case the thermal
properties of the capolymers will not be important in determining the sensitivities
because the tirie consimrinds of thoringl transfer processes are long compared with the
explosive reaction times in this test (511,

The-primary sources of hot apots in compositions of this type are the shock
impedance mismatch bstween the sxplosive and the binder, and the nature of the voids
{r the finai composition [62). The shack impedance of the EVA binders shonld vary
with their densitics (Table 1) and will therefore bs similar for ali binders, If the
shock impedance mismatch was an important fadtor then compositions coataining
copolymers with # higher density, §.e. vinyl acetata aontent, should be slightly more
shock sensitive. The results show that this is gencraily not the caze.

) All compositians tested hod the wame total voldage (10%); hawsver, the
size distribiition and number of these voide ehould vary for the compositions sud will
be determined by the relative degrse of flow of ihe binders during the preneing
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eperation. Binders with & higher degree of plasticity will flow well and many of the
snmaller voids will corlesce resvlting in fewer voids and a greater aversge voluma of
each void. The larger voids are izss effective at producing chemical reaciions than i
the smaller voide (52} because the shcck wave skirta the larger discontinuities while D!
the smaller voids are carried along with it and interact with it more effectively I53]. '
Therefore the more plastic binders should give leas shock sensitive compositions. .
Plasticity should be greater for soft binders with lnw elastic moduli and copolymers . ‘ ,
i } with higher viny] acetate contents and lower molecular weights have these ' :
' properiiea. These soft, low modulus binders also decrease the shock sensitivity by : .
i making the fina! composition less stiff and susceptible to cracking (54} and less likely '
. ’ to induce reaction growth [55]. These factors may be importanst in detzrmining shock :

) sensitivities using the MRL amall scale gap test because in this test the acceptor is
unconfined and rapid quenching of ignition by the rarefectioa waves in this test ) .
: configuration means that these results have a greater reliance on build up than is usual ; ) .
) ( in most gep tests [56].
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P Another important factor ir determining the shock sensitivities of the o
te compositions will be the relative coating efficiencies of the different copolymerz on :
} ; the RDX crystals, Euadie [57] has quantitatively determined the coeting efficiencies .o
£ in varioue RDX/wax compositions and shown that moulding powders with higher . '
! coating efficiencies give pressed compositions which are less shock sensitive. The
coating efficiencies in the RDX/EVA compositions increase with the vinyl acetate

;o content of the copolymer and generally appear to be higher for copolymers of a given

' viny! acetate level whick are lower in molecular weight (Section 4.1.2). Furthermore
copolymers with higher viny! acstate contents would be expected to adhere better to '
the RDX crystals and these coating films should underzo less diaruption during
preasing. ‘Thus the combined effects of binder plasticity, coating efficiency and
polymer adhesion shouid all Iead to a similar ordering of the shock sensitivities of
these compositions. The results in Table 5 generally reflect this ordering. Thus for
copolysmere from the same supplier that vary only in molecular weight (i.e, Levapren
400 and 408 or Levapren 450 and 452) the copolymer with the lower molecular weight . \
gives the less shock sensitive composition. Copolymers which ace higher in vinyl
| : acetate content generslly give compositions which are iess shock sensitive,

[ SURp

-k e ¥

‘ The high shock asensitivity of the composition prepared from Elvax 40-¥ is
i not consisteat with the general trends in these resuits, The coating efficiency of this
copolymer appesars to be inferior to that of other copolymers with the same vinyl

i acetate content, This may be the major factor contributing to the cop:paratively P
high skock sensitivity of this composition. '

4.1.5 Vscuum Thermal Stadility

; Vacuum thermal stability wes determined on 5 g samples of the verious RDX/EVA : i
‘ (38:5) compositions prepared by the gereral coating method. The results for these } . :
L tests conducted at 120°C are shown in Table 6. The usual pess/fail criterion for

: compatibility with RDX in this test is that the gas evolution should not exceed & ml
! after 40 h at 220°C [68]). Clearly all compositions have extremely low evolved gas

: volumes indicating excellent compatibility of these binders with RDX.
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4.2 A Farametric Study of the Slurry Coating Technique

The general coating method devised in this etudy involved the use of severe agitation
and_the addition of & protective colloid (Mowio} 4-88) to liimit the aize of the explosive
noulding granules and thus give compositions suitable for pressing. However, this
method resulted in only partial coating of the different copolymers on the RDX
crystsls (Section 4.1,2), Improved coeiing efficiency wae desirable because it leads to
a decrease in impact sensitiveness and a moderation’in cookoff response of booster
compositions [3]. Therefore, in an effort to optimise coating efficiency, a parametric
study of she slurry technique was underigken.

The majority of these experiments involved the preparation of one
composition (RDX/Levapren 408 95:5) on a small acale using variations on the generai
coating method. The effect of these changes on the type of moulding granules
produced and their impact sensitiveness is shown in Table 7. The impact sensitiveness
data for the RDX/Levapren 408 compoeition prepared on a small scale (Entry 1) and a
large scale (see Table 4) show that the former compoeition is less sensitive to
impact. Scaling experiments with other compositions gave similar results and this
suggests that differences in the degree of agitation between the batch sizes leads to
variations in coating efficiencies. Varying other parameters generally produced only
minor changes in impact sensitiveness; however, close examination of the various
compcaitions using scanning electron microscopy has indicated that these variations
cause clesr differences in the nature of the costings.

4.21 Ratio of ¥ater : Toluene : RDX

Increasing the ratio of water to RDX from 3:1 to 5:1 gives a composition which is
slightly less sensitive to impact (Table 7, Entry 2) and has a greater distribution of
granule sizes, The micrographs of these compositions (Figure 4) show that the
polymer film at the extericr of the granules prepared by the general method is
textured and appears to be diarupied (Micrograph A). In comparison the composition
prepared using more water gives a smcother, more uniform exterior coating on the
grenules (Micrograph B). With this relatively soft, low molecuiar weight polymer
(Table 1) superisr coatings are achieved by the reduction in agitation and decreased
frequency of granule collisicns which dccur when more dilute slurries are used,

In one experimant the volume of toluens uged in the coating technique was
sut: i T zoreased but this change did not affecy the impact sensitiveness of the
product (Table 7, Entry 3).

4.2.2 Polyvinyl! Alcohol Additive

increasing the level of the polyvinyl alcohol (Mowiol 4-83) in the coating ixture to
7,1% wiw cn the RDX gave a composition that waz tacky and had poor flow

properties. In this case the pclymer coating on the crystila was 1oss uniform with
regions of uncoated RDX clearly visible. This apparent :lecrease in'coating efficiency
was accompanied by a amall increase in 6 2¢t sensitiveness of the composition

(Table 7, Entry 4). These observations supporv the conciusian that high
concentraticns of thiz protective colloid prevent dropleis of polymer aolution from
coelescing on the cryatal surface and recult in decreased conzing efficiency {141
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4.2.3 Surfactant Additives

A previous study of additives in the slurry coating technique noted that isopropanol
acted like a surfaciant and resulted it & aubetantial enhancement of the polymer
coating efficiency {34). When the general method was modifiad to include this
additional solvent 2 more stable smulsion was formed during processing; however, the i
product had inferior flow properties and was slightly more sensitive to impact i
(Teble 7, Entry 5). Similarly, nonionic and-cationic surfactant additives did not give ‘
compoaiticns which were less sensitive to impact. However, all surfactanis resuited !
in smoather, lese distupted polymer coatings and higher levels of an anionic surfectant ’
gave a composition that was significantly less sebsitive to impact (F of I = 100). In ;
this case the crystals were wel! coated with 2 smooth, improved but incowplete film ,
of the polymer coating (Figure 4, Micrograph C). Unfortunately these granules had ¥ ¢
]
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poor flow pmpertiea and it was necessary to incorperate a second coating of zinc

T e e
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E stearate to give a composition (RDX/Levapref: 408/zinc stearate 94:4:2, Section 8.2.5)
5 : with enhanced coating efficiency for cookoff studies.

: ‘The infiuence of the anicnic surfactant (at 0.4% on RDX) on the coating : g
} efficiency obiained using Elvax 210 (28% vinyl acetate) was briefly investigated. This ! ‘
! additive caused a substantial-reduction in the coating efficiency of this copolymer and ‘
] the solution of the pclymer failed to wes the cryetal surface, causiog the polymer to

: he deposited in droplets and leaving very large areas of exposed RDX crystal

{Figure 4, Microgmph D). 'Without the anionic surfactant film formation occurred ard
the coating was supericr (Figure 3, Micrograph D). Impact sensitiveness data for the
compositions prepared with and without the surfactant (Fs of I of 95 and 130
respectively).show that the former composition, with the inferior coating, is more
sensitive to impact. The cookoff behaviour of charges pressed from both
compositions {3 compared in Section 4.3.

o v Y K o ¢ bwnae

4.2.4 Starved Addition

My A Do ot s st

The slow addition of & dilute peiymer solution to a heated aqueous slurry of RDX

; attempted in this study epproximated the starved addition technique (Section 1.3) and
was expected to result in enhanced coaling efficiency. When thege conditions were
employed the quality of the coating and the impact sersitiveness of the composition
werv not significantly improved (Table 7, Entry 6).

e e e~ .

4256 Other Methods

Lt An alternative confidential method was used to prepare the RDX/Levapren 500 (95:5)
composition. This produdt wiz less sensitive to impect (F of I = 88) than the
RDX/Levapren 500 {95:83 compositxou prepared by the general method (F of 1= 70) . .
(tee Table 4). The coating efficigncy was also superior. .
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The rasults of SSCB tests on the RGX/EVA compesitions at tha fust heeting rate are
shown in Table 8. Also included ave resulis for tetryl, RDX/Vitor A 95/5, and
PBXW-7 'Ispe Il for comparison, Sixce the violence of cookoff reactions increases
with decrease in heating mate [42),.oxly those RDX/EVA compositions which gave mild
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responsas &t the fast heating rate were subsequently tested at the slow heating rate,
The results for slow heating rate tests are shown in Table 9, again with results for
RDX/Viton A 95/5 and EBXW--7 Type I for comparison. Slow heating rate SSCB
results for tetryl are not given, since the teat results are affected by considerabie loss
of molten sample prior to reaction {42},

SN e e ae eV TS i mme s 5 e ——p

The duplicate tests on ail the RDX/EVA conipositions at the fast hieating
rete showed excellent agreemert in the type of reaction observed for each : "
composition, although there was often wide variation in the temperature at which ’ .
reaction occurred, tcgether with corresponding variation in time to reaction. Mild - ! 2
reactions were obtained only with Elvax 210 and Levapren 500; all other copolymers ; !
gave detoaations or viclent explosions, Typical SSCB responses sre illustrated in

Figure 5. ’ : ;
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i The results ehow no correlation between the vinyl acetate content of the
copolymer and the type of cookoff response obeerved. Miid cookoff responsres were
obtained only with compositions containing Elvax 210 (28% vinyl acetats) and

f Levapren 500 (50% vinyl acetate). Elvex 210 was the ¢nly EVA copolymer which

i produced a subetantial reduction in impact sensitiveness of the RDX/EVA

: composition; the growth to explosion from hot spots i an impact test or from the }

externsl heat source in a cookoff test will involve simiiar physical processes, and a

material which affords desenzitisation to impaect initiation could be expected to act

similarly and reduce the violence of a cookoff reaction.

e

! The coating efficiency has scme effect on the cockoff response, but it is
net the only factor affecting it. Of the two compositions which gave mild responses,
: the Levapren 500 had a good quality coating, whereas that of the Elvax 210 wes only

- fair (see section 4.1.2). The copolymers which gave poor coatings il gave violent

' responses, but some copolymers which gave good coatings also gave violent responses,
: e.g. Lovapren 452. The composition prepared with Elvax £10 using an anionic

p ; surfactant, which mearkedly reduced the coating efficiency (see zection 4.2.3), gave a
more violent cookeff response,

" -
3

The overall indication is that meterials which can reduce the violence of ;
' cookoff reactions show greater reduction at higher coating efficiency, und in this
! regpect confirms the work of Anderson and Pakulak [6) which correlates mild cookoff
; reactions with conplete adherent coatings., Similarly, when Elvax 210 was costed on
Grade E RDX, which hes & higher specific surface area (smsaller particle aize) than the
Grade A RDX and could therefore be expected to lead to leas compiete coverage of
the crystal surfaces, the cookoff response was again more violent. With Levapren
569, the improvemens in coating efficiency given by the alisrnative method of 1
{ preparation (whick resulted in improved impact sensitiveness (see section 4.2.6)) did .
¢ : not further reduce the viclence of the cookoff respense from that of the matenal with . S
a geod quality coating produced by the general m=thod (section 4.1.2). Similarly, the
improved coating efficlency giver when an anionic surfactant was used with Levapren
: 408 (section 4.2.3) did not bring about a decrease in the viclence of the cookeff .
; 3 reaction; detonaticn was also observed for this material, ‘This behaviour is contrary 1
to expectations besed on Anderson and Paioilak’s work (6}, and indicetes that coating
etficiency is not the sole factor affecting cookoff response.

-

There is no correlation between cookof? response and explosive
temperature or time to reaction. Although the variation botween duplicates is
considerable and may aversiadow sny such trend, mild responses were obtainad at. the
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extremes of the temperature and time ranges. This is shown in Figure 6, where the
cookoff time and temperaturs arc plotted for mild and violent reactions.

With the exeeption of Elvax 210 and Levapren 500, the EVA copelymers
examined produce no decrease in the violence of the cookoff reaction at the fast
heating rate compared to tetryl, the current beoster explosive. The fluorocarbon
binder Viton A alsc gives no decrcase i the violence of the cookoff reaction. Eivax
210 and Levapren 500 give compositions whose fast cookoff reactions are similar to
those of the insensitive US booster composition PBXW-7 Type 1.

At the slow heating rate all compositicns except PEX W-7 Type II gave
violent reactions. Cne test with the Levapren 500 (with the superior costing given by
the aliernative coating method) gave only a mild explosion, hawever a duplicate test
produced a detonation.

It should be noted that the mild cookoff responses chiained for PBXW-7
Type I samples in this study should not be taken as en indication that this composition
will be a satisfactory cookoff-resistant booster composition. Other results using the
seme nomingl composition (RDX/TATB/Viton A 35:60:5) have shown viclent responses
at both fast and olow heating rates {41, 42],

The high explosiveness of RDX generally leads to violent cookoff
in compositions contairing relatively low levels (up.te 5%) of binder/desessitizer {6,
11, 41, 42, 59}, and the results of this atudy confirm this. The curvent US and UK
approach to developing insensitive booster compositions is to incorporate a second
insensitive explosive (TATB) in-the formulation to modify the cookoff response.
Another possible approack may be 6 incorporate a smell amount of & less heat-
resistant explosive (e.g. PETN) in' order to obtain a mild reaction which will cause
charge disruption and relee<s of confinement before the viclent RDX cockoff:
regction. The EVA copolymers which have afforded a measure of cooko®! resistance
1o RDX alon2 (i.e. Elvax 210 and Ievapran 560) should be considered as binders for
further Cevelopmeat of insensitive booster compositions utilizing either of these
approaches,

6. CONCLUSIONS

A peries of RDX/EVA (95:8) compositions has been prepared by s solvent-siurry
coating praocess using ethylene-vinyl acetate copolymers having vinyl scetate contents
ranging from 12 to 51%. ‘The afficiency of the copolymers to coat the RDX crystalz
incresses &8 the viny! acetats content increases, a~d decrasoes as the molecular
weight increases.  Coating efficiencies are not very sensitive o most changes ir
experimental conditions; howsver, an anionic surfactant was found to havs a
pronounced effect on two of the copolymers, in one case giving & marked improvement
in comiing quality and in the othez & substantial reduction. All the RDX/EVA
compositions were found to have excellent vacuum shermsl pishility.

Cnly one of the EVA copolymers (Elvex 216) was found to produce
compceeition which was sufficiently dossnsitized to ¢émpact to qualify for we as a
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hooster explosive. The uther EVAs gave little or no desensitisation of the RDX to
impact. The effects ¢. both coating efficiencies and copolymar properties,
particulerly crystallinity, ave belicved to be important in determining the impact
sensitiveness. Further investigation of the impact sensitiveness of these RDX/EVA
compnsitions should e undertaken 1c establish the relative importance of these
parameters and o further elucidate the mechunisms o impact initiatior of coated
expliosives.

The shock senaitivity of pressed pellcts of compositions containing
copolymers ranging from 28 to 51% vinyl acetate was found to generally decrease as
the vinyi acetate contert increased; factocs determining thiz trend probebiy include
binder plasticity, coating efficiency and achesion. All the compositions had sho=k
sensitivities between those of tetryl (the current booster explosive in «idespread use)
and PBXW-7 (an insensitive US booster formulation).

The cookoff behaviour of the RDX/EVA compositions was assessed using
the SSCB test. Only two of the EVA copolymers (Elvax 210 and Levapren 500) gave
compositions showing mild cookoff responses at a fast heating rate; however, these

correlation of the type of cookoff responae with vinyl acetate content was observed
The quality of the polymer coating, although important for cupolymers wiich do
decrease the violence of the cookof( response, is not solely sufficient to give cookoff
insensitive materials, Further studies should be undartaken 0 establish the
relationship between polymer properties und coating =fficiencies in their effect on
cookoff lrasponse,

.

It is unlikaly that an insensitive booater explosive composition containing
only RDX with an EVA coating wiil be attainable. However, some EVA copolymers
have showr: promise in desensitizing RDX to impact and cookof?, These materials
should be considered for use as binders in BDX compoettions incorporating & second
explesive (e.g. TATB or PETN7 to decrease ch rge hazerd response for booster
compozitions for future insensitive ordnance,
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Table 2 Percentage of ROX/EVA {96:5) Grawvies Retaired on a4 2.98 mm Pore Size
Sieve

EVA Copolymer Percentage rotained 8

Elvax 210 7 ‘
Elvex 40-W 12 ,
Levapren 408 5 '
Vynathene EY 902-25 33 | '
Levapren 450 10 ‘: !
Levapren 452 ‘
Levapren 500 5 : '
Vynathene EY 905-00 13 ) {
t

2 Composi:i;ms prepared by the general method (Section 3.2.2) :
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Table 8 Conditica of RDX/EVA (95:5) Pressed Pelleis after Ambicnt Storage for

approximately 6 months
EVA Copnlymer ?‘a"‘eée" Condition
mm)
Elvax 650 16.04 Smooth; ehiny sides
Elvax 410 16.12 Smooth sides; slightly rough ends;
powdering at edges
Elvax 350 >16.1 7
Elvax 210 16.94 © Smcoth sides; slightly rough ends
16.04 Slight roughening of all surfaces

Elvax 210AS 18.04 Slightly rough ends; powdering at edges
Elvax 210/ 15.89 © Smooth; shiny

Grade E RDX
Elvax 40-W 15.99 Smooth
Levapren 400 16.12 Smooth sides; rough ends
Levapren 408 15.97 Smooth
Vynathene 16.00 Smooth

EY 902-25
Levapren 450 16.056 Smooth
Levapren 452 15,93- Smooth; slightly tacky; slight chipping at edges
Levapren 500 15.95 Smooth
Vynathene 16.01 Smooth

EY 805-00
RDX/Viton A 16.90 Smooth; shiny
PBXW-7 Type I 15.89 Smooth; shiny

s Pellets were produced using a mould 153,875 mm diameter,

from 4 pellets, each measured 2t 6 positions.

cylinders.

c Pellets were aged <1 month.

e W a pab o

P

Measurements are mean

o Not measured ~ no pellets remcining; estimated from interference fit in SSCB inner
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Table 4 Impect Sensitiveness of RDX/EVA {945:5) and RDX/Viton A (95:5) Mouiding

Granules
EVA Copolymer Yéx(\)ilt;:ctet(a;;e F ?:)I Evolug’g: (ml)
Elvax 650 12 75 14
Elvax 410 18 80 ie
Elvax 350 25 75 12
Elvax 210 28 130 135
Efvax 40-W 40 85 14
Levaprren 400 40 80 16
Levapren 408 40 75 i5
Vynathene EY 902-35 41 75 15
Ievapren 459 45 70 18
Levapren 462 45 5 14
Levapren 500 50 70 11

(b) 85 9
Vynathene EY 205-00 51 0 15
Viten A Na 65 14

(a) Relative to RDX Grade F, Fof 1= 80
(b) Prepared by an alternative (Confidential) method.
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Table 5  Shock Seasitivity SSGT) of RDX/EVA (25:5) Compositicns

Shock Sensitivity (mm) ¢

A ot R AR B

EVA Copolymer Relative Range Ste.n.dagd
I;:x,l;ig’ Mgoq, Lgga, Deviation X
& .
, Elvax 210 90.00 2.23 2,34 - 2.11 0.054
i ! Elvax 40-W 59.15 2.37 2.40 - 2.33 0.018
' Levapren 400 90.05 2.11 2.14 - 2.07 0.016
Levapren 408 89.05 1.85 1.89-1.81 0.018 \
Vynathiene EY 902-35 50.00 1.95 2.01 -1.88 0.030 '
i Levapren 450 90.63 2.13 2.19 - 2.06 0.029
Levapren 452 20,01 1.95 2.00 - 1.90 0.024
Levapren 500 90.03 1.75 1.77 -1.73 0.009
Levapren 500° 90.60 1.79 1.85 - 1.72 0.031
Vynathene EY 905-00 90,04 1.84 1.90 - 1.79 0.026
. . RDX, Grade A (2506-300 m 90.00 3.360 3.622 - 3.100 0.12
sieve cut)®
Totryl, granular ¢ 90.0 8.259 3.315 - 3.203 0.021
PBXW-7 Type % 9 0.0 1.415 1.448 - 1.382 0.015

All figures are in mm of brass shim

Composition prepared by an alternative confidential methad
Data from reference 49

Data from reference 50
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Table 6  Vacuum Thermal Stability Test Results for RDX and Moulding Granules fron
Various EVA Copolymers
i
; Average Gas Volume (mL) Evolved for ‘
: Composition § g of the Composition heated at i
| 126°C for 40 h :
! !
! RDX Grade A 0.18 \
: RDX/Elvax 650 ©5:5) 0.32 f
i ;
; RDX /Elvaz 410 (95:6) 2.32 ’
f RDX/Elvax 350 (95:5) 0.19 :
, i
: RDX/Eivax 210 (95:5) 0.20 :
RDX/Elvax 40-W (95:5) 0.09
RDX/Levapren 400 (95:5) 0,07 ;
RDX/Levapren 408 {95:5) 0.32 ;
. RDX/Vynathene EY 902-55 (95:5) 0.32
RDX/Levapren 450 (95:5) -0.02
RDX/Levapren 452 (95:5) 0.29
RDX/Levapren §00 (95:5) 0.06
RDX/7ynathene EY 905-00 (05:5) 0.11
|
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Tahle 7 Mmavmmwuemzummﬁmotwmmm
of RDX/Lavepren £03 (96:5)
Irpact Mean Cas :
; origi
! Parzmeter Varied riginal Altered Scnsitivensss  Volume Comnents .
R Velue Vslue .
4 (F of I) {mL) H
v 1. s ® 20 13 Snall, free flowing ;
§ . grenules
i i
§ 2. matio of WatextRDX 311 K31 L1 13 wide dletributisn of b
. 3 granule size up to 3
1 . 5 um diaveter :
: i R
: 3. Ratio of ToluenesiRDX 9.4731 133 80 b 12 Small, frea flowing i £
. ' Jranules i
‘ P
H 3
! 4. Parcentage of towicl  0.001 6.01 80 12 Wide distributhon of :
1 3
H on EDX {(w/w} granule sictes up to :
5 mn dianeter .
0.001 0.1 ¢ 75 14 $nell extrewely tacky .
. , grsnules, not free i
! . flowing .
. HO
, Lo j
- @ ; 5, Surfactant Type ;
' (t w/w on ROX) - Iscpropenci (30) s 32 Saall granules, poor !
: L 2low 3
; . 2 - Monicnic (0.1) 80 15 Smell, free flowing i
¢ . granules ;
: - cationiz {G.%) so P 10 Small granules, !
poor flow ;
- Anionic (V.4) 160 12 Small, vury tacky N
¥
granules, not free 5
flowing :
6. Starved Addition 20 v i
of Polymsr Soiution . {
' H
i
3
, ' 8  Method described in Section 3.3.2 z
: H
¢ b  Results vore ovbtained using 25 ceps i
. . c Ratlo of water to RDL was 531 b
%
: 4 Ratlo of water to KDX (3.Si1), ratio of toluane to RDX (19:1), colvent solution added over 3
; ! 2 hoat 87°C -
t i
4 . .
s ] § N
- B
Eo ¢
; O ,
R ¢
) i ;
s s
. 3
i % |
i
: 4 L
- i
e e T OT T e e e 2T o I

—— ¥




< L . L .-
v ake B e Ty g WA e st M iy At i e st A o+ B "B Ao S e v e e

Table 8  Cookoff Tests BSCB! of RDX/EVA Compositions. All tests conducted xt Fast
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RDX/EVA : 95/5 Explosive Surface  Time
- EVA Type ~ Temperatire ('C) @  Cuokoff Reaction
Elvax 650 Coess 256  Detonaticn
240 259 Explovion (violent)
Elvax 418 271 286  Explosion (violent)
242 244  Detonaticn
Elvax 350 250 267 Datenation
Elvax 210 (8) 245. 235 Burning (b
234" 238  Defisgatlorn (c!
297 245 Explosion (mild}
. 242 264  Explosion (mild)
Elvax 210AS &) 228 250 Detonation
224 255 Explosioa
Eivax 210, Gmde E RDX 247 275 Explosion (mild)
237 244 -Defonation
Elvax 4)-W 256 276 Detopaticn
245 251 Desonation
Levapren 400 247 256 Exziosion (¢)
217 260 Detonation
Levzpren 408 266 284 Detonation
2306 250 Detcnavion
Levapren 408 AS/ZaSt (e) 242 265 Detonation
Vynathene EY 302-33 242 268 Detonation
240 250 Detonation
Lavapren 450 271 273 Detonaticn
235 248 Detonation
Levapren 452 235 272 Detonation
242 260 Detonation
Levagren 500 274 293 Deflagration (b)
240 255 Deflogration (b
(¢3] 263 258 Deflagration (c}
D 249 253 Deflagration (¢)
Vynatkeuz EY 905-00 262 285 Detonation
251 267 Detonation
RDX/Viton A 95/5 (42} 260 W Detonation
PBXW-7, Type T (42) 265 268 Bumning
Tetryl [42] 257 439 Detonation
268 240 Detonaticn

(8) Resuits from two batclies of materiai.

(0  Appreciable amounts (> 2 g) of uticonsumed explosive recovered after test.
) Traces of explosivs op paris after test,

@) Materic] prepared using anicnic surfaciant.

{a) ;!;:evicl prepared usiog anjonic surfactant, with zinc atearate coating - see Section

() HMaterisl prepared by alternetive cantideniial methed.
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Tale 9
Boating Rate

Cookoff Teats (GSCR} of RDX/EVA Conpoeitions. Tests conducted at Slow

(uly those RDX/EVA compozitions showing mild responses at the fast heating rate were

tested in this seriss of tests.
RDX/EVA : 95/5 Kxplosive Surface Tine
- EVA Type Temperature (O {8) Cookoff Reaction
Fivax 210 217 1628 Detonation
2% 1651 Detonstion
Elvax 219, Grade E RDX 220 1787 Detonation
Levapren 500 217 1704 Detonation
(a} 217 1592 Exploeion (mild) (b)
(a) 217 1659 Detoration
RDX/Viton A 95/5 [42] 217 1577 Detcnation
PBXW-7, T,pe I {42] 213 1657 Deflagration (b)
(a) Material prepared by an alternative confidential method.
(b Traces of explosive on parts afier test,
37
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Figure 1
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The Super Small-scele Cookoff Bomb (SSCB). Disgrammaiic (top), and prior
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ing granuls of pertly costed
us usgod in RDX,

RDX,
8) moukling granule.

RDX crysials bound by polymer.

RDX/Levapren 453. A typicsl
Scanning electroa micrograyhs of (a) uacoated

compositions, and (b} RDX/EVA (95;

(.}

Figure 2
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Micrograph A& RDX Vy=sthene EY 502-35. The polymer coatiag on the crvetals is
sevsely disrupsed,

Micrograph K F.DX/Slvax 650. Texiured polymear on the lerding Yace svd the
surrcond faces uncosted,

Figure 3 Scanuirg sleciron drictogrephs of R2X/EVA (95:5) compasitizas prepared by
the genaral mathcd,
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Micrograph (2 RDX/Elvax 650. Disruption of a granule reveals the polymer was
largely deposited in polymer strands which bind the granule together.
Micrograph D RDX/Elvax 210. Large areasg of uncoated crystals are ciearly
visible,
Figure 8

Scanning electron micrographs of RDX/EVA (95:6) compositions prepared sy
(continued)  the general method.
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Micrograph E

Micrograph F

Figure 3
{continyed)

RDX/Levapren 500. C
polymer film,

rystals surfaces are well coated with a smooth

BDX/Levapren 452, Smooth well coeted surfaces are obtained with

lower molecular weight

Scanning electron micrographas
the general method.
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copolymers.

of RDX/EVA (95:5) compositions prepared by
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Micrograph G RDX/Levapren 450. Raised areas of polymer and areas of bare RDX
crystal are indicative of poor flow of the polymer solution during . .
coating. ‘
Figure 3 Scanning electror . seographs of RDX/EVA (95:5) compositions prepared by
(continued)  the general method.
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Microgreph A RODX/Levapren 408. Disrupted polymer fiin on the exterior of
gmnvles prepared by tie general method,

Micrograph B RDX/Levapren 408. Comparctively smooth exterior pclymer oating
' : chtained with & rathy of watssr i RDX of 5:1,

Figure 4 Scanning electron micrographs of RDX/Lavapren 408 (95:5) ard
. RIX/Elvex 210 (85:5) compositions. Tha slurry coating coaditiony varied
; are indicated in cazh case.
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Microgreph C RDX/Levapren 408. Tbe anionic susfactant additive resulls in a
smoother, improved but incomplete film of polymer coating on the .
. RDX crystals. , ; ;

2
' 1
: }
; !
; ' Micrograph D RDX/Elvax 210. ‘The anionic surfactant additive causes the polymer f . !
. to be daposited in droplets leaving large sreas of exposed RDX. i : f
i |
. Figure 4 Scanning electron micrographs of RDX/Levapren 408 (95:5) and H

RDX/Elvax 210 (95:5) compositions, The &lurry coating conditions varied

4
: are indicated in each case, p !
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(a) Detonatios, fuom RDX/Viton A 95/5, fsst hesatirg rate.
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(b) Deflagration, from RDX/Levapren %00 95/5, hst heating rate. ’
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1 : Figure & Typical results of SSCB tosly, show:g (a) detcnaticn, and (b mild regotios !
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