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PHOSPHORUS FILLINGS FOR MUNIT IONS ?p\,q%%j *"o’%"
3 * '00 .
Progress Report on Work Performed in the Period January 1 01?0#
%o March 31, 1947, Under Contract W-18-035-CW5-1318
SUMMRY
N ,, -
* In @ oontinuation of the study of phesphorus-fillings for
muaitions, additional resin binders for gronulated white p}msp}{ému. bhewe (01
tesa toated. oeins_prepared in the laboratory laocked -either strength
or- durabxlity, the ssarch for mothods of pmparatiqp o x'esins has
boen dimcontim Several ocumeroial preparabdions heve beon fourd to

harden readily u.t Jyoom temporature and to form stable mixtures with
granulated phupléﬂus Tesha of comwrciel resine are btelng continued. |

7 Firing teuts have shown that the performence of »igidly solid
shpsghewns 1)lings iz dvpondest upon the bursting ohargp. High-
brisence bursters inveriadly fragmsnt the Ffilling excesaivoly with
rosultant plllaring of the combustion products. Burstor charg,ea of &
propellant powdor produced elatively littls frapgmatetlon and little
pllluring., Burgtor gharges will be investlgated wmowe thoruughly.

thermal stability tests used in evaluation o the PP
proparsd at| Edgowosd Arsennl ors nob epplicable to phozphorus £i11lings
of tho type\propered by IVA. It ir asaumd thet the major adverse
offeot cf thormnl lustabllify of o phosphorus £i1ling in & projactile
ig the leteral shift of the center of gravity that wonld roguli from
gtorags of the projuctilu on ite gids uander tropleal eondiiionsg,
Attompha will b2 made to manpwoe the ohift in statio belance of e
filled projootlile ag a mngwe of the therual stability of the
projeatile.
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PHOSPEORUS FILLINGS FOR MUNITIONS

Progress Report on Work Ferformed in the Period January 1°

. to Mareh 31, 1847, Unler Contrach W-18-035-CWS~-1318

In a continuation of the search for sultable resina for binding
granulated whit phosphorus in fillinga for munitions, several additional
praparations of rosina from laboralory reagents were investigated, and
soversl additional commercial casting resins were tested.

Firing tests showad that the MSA4D fusze supplied with the M16
grenades is too brisant for satisfrotory porformance of rigidly eolid
£illinge of the type preparad by TVA. Attempts therefore were made to
develop a burster more suitable for use with the experimental fillings.

Work was started on the dowelopmant of & thermal stntility test

for evaluation of the behavior of the oexpecimental fillings in projeotiles
stored under troploal ocondiisiona.

RESIN BINDERS 70R QRAMNULATLD 4HYTE PHOSPHORUS

Llaboratory ¥reparations

Reusins wore prepared in the laboratory by moethodo deceribed by
Cerloton B1J1s in his ok, "“The Clumistry of Synthetic Resine' (Reinhold
Fub. Ca'p., Hoew York, 19353. The parenthelloal puge numborg ir this
aeotion refor to Bllis' dook.

Coudensed wea~formldshido cosin (p. 594) provod wuatistactory
ir mizturss with granulated phosphurus, becsauwse it shrank markidly on
settiug, oracked, and eventually dimintagreted on standing in the aiy,

A resin propered frem uvroa awsd furfural (p. 669) was the vest of
the laberatory preparations, Ab room tempsreture the mixvures hardened
at about ths desired rate to yield o product having sevebnl denirable
properties. The hardenod resin disintegrated, however, upon eiposure to
a tenpsruture of 65° C,

A furfural-acetaldshyde 1esin, hardened with hyivochloric acld
(p. 521), set to n hard golid ir about 3 days at room Lempsratire.
Miztures of this resin with granulated phosphorus nover sot to a rigld
solld, howevar, and it i3 assumd that evaporation of wator wae preventad
by the conteiner, Becauwse of the marked acldity of the hardemned prepara-

tions, the mixtwes are sonsldered to bo urdesireble for uge ir metallie
projectilea.
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Furfural-phepol rosins (pp. 522-") require much Jess aydrochlorie
acid than do the furfural-ucetaldehyde resins.\ Exporimentel fu-fural-phenol
resins eot to hard eoclids in about 4 days at room temperature tut oracked
and disintogratod on standing.

Furfural alone is condonsed to a harg solid by etrong sulfurio
aoid (p. 521)., Tho acid apparently acts only ep a catalyz®, for it can .
be leached with water from the hardened resin. The resin proved unsuiteble,
beoceuso it shrank on settiny and orecked on standing. Ii '

Thiokol latex vma. prepared frrom 3odium polysulfide, ethylens
dichloride, anxd magmeium hydroxide (p. 1172).  The latex, in mixtures with
granulated phosphocus, wus then oocpulated with acetic acid, but the prouduots
wore unsatisfaosory.

- ‘l
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Commroial Kesins

A .
Mixtures of granulated pl ocphoru 3\ witr elthor Dursz 1421A, produced

by Durer Plastics and Cheomicals, Ircorporased, cr Duralon 40, rroduced hy

thn U. S. Stonewars Company, set tc physically stable solids, nrovided the

water wee first wushed fromn ks phrzphorus with alcohol.,

A samle of Elcrom [ 124 1erin, p-spared from direthyl hydantoin,
was obtained from the Electroc emictle Dopartment of E. I. du Font de Nomowrs .
and Company. A:tempts to obtein rcon-tempiraturs gots of mixtuvres of this
rasin witn urea or with phanol, usins ejthic sulfuric acic or :odium
hydroxide as the setting ngont, werc uansuczessful,

Baker ocasting roain No. 100,972, obtained {rom Biker 0il Tools,
Incerporated, proved similar to the Durer :anting resin ard aet to a

Catabimd 400, n preduvat of tho Catdlin Corporation ¢i Aworioca,
ie rendily set nt roam tomporature 12 n ha-=d wolid similar to hardsmad
Durez. Mixtures of this resin with granulated phosphorus have been prenared
but have not besn autjec’ed to firing "'vsts.

Thiokol LP-2, a liquid polym produced by tho 9Miok.l Corporation,
appoars to be tihe moat promising o' thn resina studied thue fr.. Roome
tempereturo curds to rubory solid: wom ottained roadily by tus addition
of eithor 7.5 parts of lead peroxice or Z0 parts of furfural erd 2 parts
of formlo acid per 100 parts of the liquid polymer. Tha losnd ;eroxiqa
mixture In quito stiff whov first prrpared and ia difficult 4c¢ mix with

gramulated phosphorus. "he mixtuce coutalving furfural and formic ncld
[ .
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ie quite fluid and is emgily mixed with granulated phosphorus. The lead ‘
poroxide mixture nots in nbout 24 hours, but at least a wesk is required
for ouring of the mixture containing furfural and formioc acld. Mixtures
of the ligquid polymor with zinc oxide nrd hoxamthylomtetramino sot
neithoer at room tomperaturo nor at 70° C.

//

‘ A study of phogphorus-water emulnions stabilized with polyvinyl
have boen propared, nnd a mixture cf pleator

hag beer nade. Nome of thoge preperations, h
firing tests.

Paris with such an emulsion
/ayor, has boen subjected to

aloohol hin teen started. Lmulsians counta mixnbout 75 per cent phosphorus
o

Attompts are buoing mado tc obiain ammplos of the water-soluble
recing that am gaid to inorease the strsnzth of plaster of Paris ocastingas.
S8ir e plagter of Pari. /1-rn> has sevoral daelrable properties as a medium
L. tie properasion of pnosphorus fillings, tho use of sultable rosins 4o
inorease the stiength and dooreasoe tho porasity of plastor castings should
regult in Improved mixtures with grenuleted phosphorus.

PREPARATICN OF PH(CPHOPUS FOR FILLINGS

Oranrulatios of Phosphé rus

Although phosphorus from the 26t granulator consiste %of rougxly
spherical -articles, irregularitier in the shape of the particlce result
in an urfesirably high proporticn ¢f intorstitial spaco in a maes of the
granulated phosphom™.:, The best mix%ures »f various sizes of the
granulated phoaphorus contain 33 per cent interstitial spece, and careful
mixir cf the granules is pscessary to raictain this minimum, for the
differert nizee tend to sogragnte cn svlrring of the mirxture under water,
With 33 per cent interstitial spucc, & nixiure jof gramulated phoophorus
and birder can contain a maximum of about 75 por cent by weight of phos=-
phorus vhena the binder is a resin vith n srecific gravity in the usual
range of 1,2 to 1,4 ard a maximum of about 60 por oent by weight of phos=-
phorus when the bimler is plaster c¢f Paris. Regardless of the type of
binder, however, the amount of phorphorus rrescent would be 67 per cent
of the emount of messive phosphcrur that oduld bg put into the sams space.
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Phosphorus 8ulfide Sludep

The semiscolid sludge previously obtained as a byproduct in the
preparation of the low-melting phosphorvs-sulfur eutectic was reproduced
when the eutootio was propered with lowers of sulfur, but none of the
sludge was obtained vhon the outectio was prepared with lunp sulfur. The
sludge, a nlichtly rubbtery semisolid with the consiatency of aoft putty,
apparently ie o mochanical mixture of liquid phjsphorua-sulfur solution
and undissolved solid sulfur. The sludge was separated from the liquid
phosphorua-sulfur euteotio by filtration through|pepor on a Buchmer funmel
under wate;r. Charges of tho sludge in toaksrs parformed fairly well when
exploded with fireorackers, but this material appears to be more a labora-
tory ouriosity than a praotical phesphorus filling for munitions.

THERMAL STABILITY TESTS \ \
y

‘the thermnl stebility tests uced in evaluation of the puttylike
PAP preparod at Edgewood Arseral are not zuitable for evaluation of rigild
phosphorus f£illings of the type prepared by.TVA. An investigation was made
of possibls mothods of evaluating tho ability of e given solld binder to
rotain, at 65° C., tho granulated phosphorus with which it waa mixed. It
was assumed that a thermally statle rigid filling should retain substantially
all its phosphorus, even when the filling was \not closely confined.

\
Sevoral fillings wore ocast in plaster or glass molds. When the
f11lings hnd hardsned, thoy wore removed from the molds and suspended in
either watar or carbon dioxide et 65° C.

F1llings bound with urea-furfural laboratory resins disintegrated
rapidiy S water at 66° C. and lost 63 por cent of their phosphorus in
5 hours in an atmosphsre of carbon dioxide at 65° C. Fillings prepared
with Durer oasting resin lost 5 per oent of their phosphorus when suspended
in water for 6 hours at 65° C. and 13 per ocent when susponded in carbon
dioxide. It waa apparent, however, that this test was much more drastie
than would be encountered by a filling in a projectile under tropical
storage conditions, and it appeared that the loss of phosphorus probably
was duo‘xé%gq,tg,faulty mixing of tho phosphorus with the resin than to

_undeairibls propertios of the hardensd plastis. On the smll soale on

vhich thess fillings are being prepared, hcwover, mechanioal mixing, which
obviously would improve conmtaoct betwsen the resin and the individual
granules of phosphorus, doer not appear feasidls

.
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In the belief that thormal instabi\ity of an otherwise matis-
faotory 7illing would be serious only if it resulted in sufficienmt shift
‘ of material to displace the centor of gravity of the munition, tests were -«
made to ovaluate this shift of material. Various fillings were oast in
46-mm. glass tublos, the ords of which were vlosed by rubber stoppers.
When the fillings had hardencd, ono rubbsr stopper was removed from oach
tubs, andi the tubos wore suspermded, open ond down, in a stoppored bottle

i s i wiS e PR

; full of carbon dioxide. The bottle was placed in a water bath at 66° C.

: for 24 hours, ard the phosphorus lost from *he filling was colleoted in o
the bottcm of the hottle amd weighed. The results of such tests of R
various fillings are listed in Table I. Each sample contained approximetely
45 grams of gramulated phosphorus and occupiod about a 30-rm. length (40 co.)
of 45-mm. tubing.

- il .
R _ TABIR I |
Therml Stebllity Tna%s

(samples oortasnod in 465-mm. zlass tubes and
suspondsd in COg for 24 hours at 65° C.) i
1 Apo. of Loss of
. Binder : sempls, days phosphorus, % :
Urea-furfural 9 78

28 ' 64

* Furfural-phenol 9 ' 16

28 15

] Furf al-HgS0, 9 66

28 40

§ - Plaster of Paris 9 7

' Durelon resin ' 10 ' 7

! T o 26 14

| Durez resin 10 30

‘ ‘ 30 ; 8

L4
Baker resin 6 \ 27
. 26 10
L
« Thiokol LP-2 with 10 62
. fur fural-HCOOH 30 \ z
\
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A fow samples were oast in tall-form toakers made from 57-mm.
glass tublng. Tho fillinpgs were of substantially tho same sisze as those
used in chargee in 150-cc. boakers for firing tests. The binders were
Durez, Duralon, Baker, Catabond, ard Thiokol LP-2 set with furfural amd
formieo acid. Glass burstor wells for firoorackers were inserted in the
chargea. The charges were ooverod with an atmosphere of carbon dioxide,
and the beaksrs were closed with rubler ctoppers.

Vihen the fillings had hardened, the stoppered beakers were

suependod upright ina 65° C. wator bath for 24 hours. In each test the

filling shrank olishtly and pullod away from the walls of the*beaker,

although nono of tho fillinga completely loosened from the oontadiner,

Some phosphorus separated from each fillling and colleoted batween the

filling and the walls of the comtainer, 1like a liquid film between the
walls of a oylinmler and a loocsoly fittinpg piston.

Although the vapor pressure of white [phosphorus at 65° C, is
only abowt 0.7 mm. of mercury, small amounts of\ phosphorus apparently were
distilled out of cach filling ard collected on the walls of the containers
above the fillings, The total mowmont of mtorial in these tests
eppeared to be insufficient, hcwever, fer significant displacement of the
certers of gravity of the fillings. \

\

Additional thermal atability toste vdl\ bo made on samplea
prepared in the same manmor, but the samples will be suspended horizontally
during the tests. In addition to mcasuring the amounts of\phosphorus which
run out from thoe fillings, attenpts will be mde to deotermine shifts in '
centers of gravity of the fillings for the purpose of evaluating tho
ballistio stebility of the fillings after storage under tropiosl conditions
in a horizontul positionm.

L]
- !
FIRING TESTE

\
\

To oonserve tim and materiml, exploratory firing tests of fillings
preparod f{rom granulated phosphorus anl various tinders were earried out in
beakers with firoorackers as bursters, Tests of various types of burasters
wers made with M15 gremdos.

Many bursts and pillars were photographed, and the photographs
were of material assistance in the evaluation of the geveral fillings,
Platures of the soreaning smokes wero, on the whole, of littlo value
because of the varlatlons in wind velocity, even between sucocessive shots
in the same nerilas of tests.

P
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Tests of Various Fillings

v In the explaratory firing tests with charges in 150-cc. beakers,
each charge was about 60 per cent of the amount that would bte charged in C
i - an M15 gremade. The beaker ponerally was leld on its eide on the ground

0 and burst with o fireoraockor. . \

The explosion usually threw f{ragments in the direoctions of the
radii of the beakor, very little material keing thrown in either direction
along the axis of the teakor. Many of the fragments thus were thrown
considerable distancos through the air, oni the smoke emitteod by the flying
fragme~ts tended to lnorease the apparent amount of pillaring. Bocause of
the excecsive ascattering of the fragments, as well as the rarked variations
in the wind velocity during the tests, observations of the amounts of
plllaring and the persistonce of a norooning smoke are coneidsred to be
much lesr reliable as tames of evaluation than the total burning time,
whioch was the tim elapced between the explosion and persistence of a flame
from the largnst fragmont of the shattered £illing. The maximum throw of
fragmontn by the oxplosion is a rough moasvre of the resistance of the
filling to fragmentation; it appearn probable that largor particlos of a
burning filling will be thrown farther than smaller perticles, assuming
the same initial veloeity.

//’

B L LN
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. T With tho exception of £illings prepared witk coagulated thiokol
latex and Thiokol LP~2, all th= fillings in the soriec were rigid todies.
The results of firing tests of the various fillinge are listed in Table II.
Since each filliag was tested with two or more shots, minimum and maximum
values are recorded for each observation. From Tcble IX it is apparent
that, of the latoratory preparations, only the urea-fcrraldehyde and urea=-
furfural resins aro of suffiociornt promise to warrant furthor investigation. ,
All the commercial resins porformed botter than any of tho laboratory resins. g

T TR S LA, 1 Y

A boaimr chargu of the semirolid phosphorus salfide sludge pillared
slightly on explosion, but the total birning time was 300 seconds. Addition
of @ amall amount of liquid phosphorus-sulfur eutectic 4o the sludge
inoreased the pillar merkedly and decroased the burning time to only 16
asoonds,

In a few shots, the beakers wore set upright on the ground ami
exploded with firecrackers. Since the {ragmonts were rolled along the
ground by tho burst, rathor than thrown through the air, pillaring was
reduwed and buming time was incroased. From theso shots it wns ooncluded
that the optimum turster would be one that would scatier fragmonts of the
,v f11ling only far enough to give eatisfactory distribution of the fragments,
. since more vigorous socattering would rosult in insreared pillaring.
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TABIE 11 .
B Firing Testn,of Varicue Phosphorus Fillinpgs
4 (Chargvs oontaizod in 150-o0c, boakers
] and burst with Z-inch I‘ix‘ocmcker\a)
% Fragmentetion Persistence, sec.
. Max. Max, Soresning Total
’ Einder throw, yd. sire, cnm. smoke  burning Plllor
? None (massive P) 25-40 - 30-50 $0-150 Slight to
Ly marked
; ; laboratory reslns
o g
v s B
] Urea-formaldehyie 15 3.8 15 210 Marked
- Urea=forza ldohyds Geperally
Lo (condenced) 16-40 2.0-3.8 10-60 70~240 8light
| § Uroa~fur fural 30-40 3.8 20-50 €0-240 Slight
Lo Urea ~fur fural-
P formaldehyde 40 - - 120 -
1 ERE .
b Furfural-formaldahyde 30-35 - 25-60 70-120 Marked
{ i Fugfural-scetaldohyde 30 large \10-40 60-210 Slight
Lo Furfural-phensl 12-20 Small - 40-80  Narked
i Fur fural -HgS0, 20-36 1.3 - 110-180 Slight
gﬁ Coagulated thiokol \
2 lgtex 3-10 Soft { - 120 -
B .
3 Comm oinl preparntions \ \
% Piester of Faris 10-50 Cenerally \\
T . lerg? 167 120-240 Slipght
Duralon 30-40 2.5 - 180-360 Little
‘ Dure 2 20-15 2,0-2.6 - 160-300 Little
i Thioko:_l’lfi/ 6-1b Soft - 300-330 Little
g \
L4 /,‘,”
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Soveral. beakor charpges wero burst with J-inch {'ireormnckors.
These wore more poworful than the 2=-inck firccorackers and produced a
mrked inoreanse in pillaring, a docresse in the slze of the fragmnts,
and & pronounced docrcaso in total burning timﬂ.

\

It was spparent that tha small size o\f the chargos in 150-o00.
boakers made extrapoletion of rosults of firing tosts to gntimted
performance of aciual munitions guite difficult. Charges| of massivo
phosphorus and ol woea-furfural and plaztor of Paris mixtures with
gronulated phocphorus wore capt 11 600-cc. boakers. Each charge was
oant to the same depth thut ia vsod in tha 160-cc. beskers. The volum
of filling usod wns then about 2.4 timec that in the 150-cc. boakers
and about 1.4 tlmmg that of the M15 grérade. Bursting of the massivse
phosphorus charz with & 2-inch firsoracksr rosulted in marked pillar,
fragrents wWore thisown 13 yaris, ad tho burning tim vae 210 seconda.
With the uren-furfural and plastor of Poaris mixtures the pillaring was
slight, fragmnts as large as 2.5 cm. wers throxn 20 amd 1C jrds,
respeotively, and they burmd fer 360 and 330 seconds, respaotively.

Toptas of Burstern

Piaturna of bursts ard of tho marknd pillare produced by
explosiol of charsos in M1S z=enadas with MCA4D fuzos wore indistine
guishable when thn illings we-e liquid phosphorus=-sulfur sutoctioe,
massive phosphorus, or mixtur~e: of granulated phogpherus with plaster of
Paris, urea-furfu~nl roein, or a cormrwrcial casting resin. Similar
resultn, includin; the mrkod pillars ard rolatively short burning times,
were obteipmed whan the sams f11lliazs were charpged in 150-cc. bealsis end
explcded with unsiemmod No. 6 blasting caps. It was concluded that, im
view of=tTrgonsintont difforonces in p:rformance of these fillingo when

‘burst with fireorackers, a highly brisant bturstor would not zive optimuwn

per ormarce of rizid phosphorus fillings, A\seorch vag then gterted for

more suitable buristers. \\

In o shot in which a boaker chargo of a mixture of graonulated
phesphorus and plagter of Jarde wag oxpleded with a fircornciwr in a well
located just inside the boakor wall, improved performence over that obtained
with contrally lovsated bursters ia tho same mixture wac observed. To tnst
the effect of rolocation of highly brisant burstors, Ml grennde cases
wore fittod with burster wsalls of 8-mn. glass tublng cet just inside tho
walls of the cases., Cases wore fittod with onc well, two vells 180 degrees
apart, and three walls 120 dogrees apart. Explosion of a single Primacord
burster in those crgos prodused marked plllaring with each of the three
fillings wsed; the massive phosphorus burned for 120 seconds, the uroca-
furfural £illing Cor 240 seoonds, anl e plaster of Parie filling for
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300 ssoonds. The greonade cages were split dovm one side only, and much
of the filling remaired in vhe case. Heither the case nor the f{illing
was thrown vory far. Exploasion of two or threo Primncord bhursteras in a
prenado cago produced oxcessive pilllaring, and burning tires of 30 to
120.pezemts woro obtainod with all the flllings.

of tha brisant burstor from its normal contral location to A position Just
insride the contalmnr waull, the filllig wao\not woll scattered by the
explosion. It appeared that botter performance would be cbtt\j.ned with o
less brisant bturating chargs ir a cemtrel turster well,

Although somewhat increasecd btﬁ‘g\ix:g times resultod from a shis't

The bullets wore extracted from U, S. Army .30-'06 scrvice
cartridges, and the powder waa resorvod for use as the bursting explosie.
By attachment of nhort longthe of copper tubing, the cartridge casos were
made to fit into the M1S burastor woll with the primer just bolow the
bottom of thu fomilo thronrda in the woll, Reclaimod hoads of MGA4D fuzas
or short, threaded collars wore used %o goal the ocartridge oanse in the
burster well. Eightpenny common nails veroe used as firirg pins. The

firirg pins were atruck by a falling perdulwn that wer releaasod by ramoie
control.

Various amounts of ,30-'08 povider were placed in the cartridg,

cases and hold in place by oluzgs of cotton. The results cf (iring sesveral

grenados ocontaining varioues phosphorus fillings and vorious wmounts of
powder are listed in Table _II.

The cherges of .30-7C6 powder usnally toro about a 120-dogree

atrip out of one side of the camse and loft tho body ¢f the cuse ra]stimly;

undemsgod otherwise. The long turning times protably are duc largoly to
the fact that much of the fillings romalned in the ceres. In apite of
the limited scattoring of fragments of the £illings, howewer, smoke was

: cduced steadily in what appeared to be vgry setisfactory volums throuth-

out almost the entire turning tims.

Ono pronade, filled with plnstcr\f Paris snd gronulated phos-~
phorus, was exploded vith 2.5 grams of powder from regular-velocity .22-
caliter cartridgis. A marimd pillar was produced, and the burn'ing tins

was only 120 seconds. The burster shreddsd the gronsae orse much in tho
mannor of M6A4D fuzesn. \
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v TARLE 111
! Firing Tests of Phosphorus Fillings Purst vith’
Powdcr from .30-'06 Cartridgos
Fillirg
Povrdor , Throw, yd. Burning laft
Aindor rram  (nge .rnrnnntn Pillar  timn, soc., in ocate
Nore {massive P) 2 9 7 Marked 180 -
3 0 7 I.!arka\d 430 Much
Urea~{urfura. 2 0 6 Soms \ 1600 Half
3 1 - Slight \(—)p Half
3 0 16 Slight 4 -
3 11 - Slight 300 Quartor
4 S - 8 Som - 510 Much
5.5 - - _  Some 800 Third
Plastor of Paris 1 Failnd to turst well
—_— 2 - 4 51ight 570 llalr
. 3 2 - - %0 Most
3 3 5 Slight 210 -
4.6 3 5 Siight 390 Quartor
Durelon 3 3 - Slight 540 Half
Baker 3 1 - Slight 200 Most
REVIEW OF RuSULTS AND PLAMNS FOR FURTHRR ARK
-the various resins prepared in the laboretsry, only the uroa-
* --- - -furfural resin shows suific ient promise to warrent further work. Xven this
resin may be oliminnted because o itn 1nntnbi‘\ity urdc * conditions of
tropioul storage. In viow of the oxcellnnt performance and proesent
. relatively low cost of the several commeroial casting rosins available,

the sear:h for resins that may be propsred in tho labor:tory has baen
tentetivoly ciscontinued.
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Fillingos coneisting of plister of Paris and grapulsted phos-
phorus have shown up well in firing %tests. Toats of such fillings will
' bo extended to inolude conpositions contalning some of 4he . commercial
tougheners for plaster castinge.
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Tho oomnercial casting recina, Duralon, Durez, ernd Baker, have
prope rtios thut appoer to b vory dealmmble. The walus of these resins
as ocomponents of phosphoruas fillinge in munitions will depenc, however,
upon the procuremont or dewslopmont of s bursting charg: that will give
satisfmotory field perfcriance with theee fillings in aztual munitions.

The Dwez and Baker casting resins are of the phonol-farmaldehyde
type . —4mOtHEF resin of this tyre, Mardlette, will be tested. Duralon is
""" a furfural derivative and apparently iz the only resir of its typo on the
mrket, Tes%s ara plenned with two othor re'a\ina that, apparently aro of the
vinyl type. \

The 1iquid polyner, Thiokel i3'-2, whish may bs curcd et room
toemprruture tio form a rubtery solld, forms phosphoruns f1illings with
physical properties that appear to tm snimilar to those of I'NP prepared !

. with rubber-xylens gols. The Thiokcl ILP-2 f1llings probably can be
. propared more easily than P/P, however. and probably vill prove tc bo
more stable ballistically. Thiokol LP--2 will be tested further,

Firing tosta with various bursters have indicated +that rigidly
solid phosphorus fillings giw 203t performance when exploded with
turastere of relatimely lox brisesncs. The search for esuitecle bursters i
is being continund.
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Atcempts to devise mothodes of determining the effect of storage
under tropioal onnditions on phosphorus fillings also are heing ocntinued,




